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The St. George’s Respiratory Questionnaire (@ e
Definition of Chronic Bronchitis May Be

a Better Predictor of COPD Exacerbations
Compared With the Classic Definition

Victor Kim, MD,; Huaging Zhao, PhD, Elizabeth Regan, MD, MeiLan K. Han, MD, Barry J. Make, MD,; James D. Crapo, MD;
Paul W. Jones, MBBS, Jeffrey L. Curtis, MD, Edwin K. Silverman, MD, PhD, Gerard J. Criner, MD, and the COPDGene

Investigators”

BACKGROUND: Chronic bronchitis (CB) increases risk of COPD exacerbations. We have
shown that the St. George’s Respiratory Questionnaire (SGRQ) CB definition identifies pa-
tients with a similar clinical phenotype as classically defined CB. Whether the SGRQ CB
definition is a predictor of future COPD exacerbations is unknown.

METHODS: We analyzed 7,557 smokers with normal spirometry and Global Initiative for
Chronic Obstructive Lung Disease stage 1-4 COPD in the Genetic Epidemiology of COPD
study with longitudinal follow-up data on exacerbations. Subjects were divided into classic
CB™ or classic CB, using the classic definition. In addition, subjects were divided into SGRQ
CB" or SGRQ CB". Exacerbation frequency and severe exacerbation frequency were deter-
mined in each group. Multivariable linear regressions were performed for exacerbation fre-
quency with either classic CB or SGRQ CB and relevant covariates.

RESULTS: There were 1,434 classic CB" subjects and 2,290 SGRQ CB™* subjects. The classic
CB™" group had a greater exacerbation frequency compared with the classic CB~ group (0.69 +
1.26 vs 0.36 &= 0.90 exacerbations per patient per year; P < .0001) and a greater severe exac-
erbation frequency (0.26 & 0.74 vs 0.13 £ 0.46 severe exacerbations per patient per year; P <
.0001). There were similar differences between the SGRQ CB™ and SGRQ CB™ groups. In
multivariable analysis, both SGRQ CB and classic CB were independent predictors of exac-
erbation frequency, but SGRQ CB had a higher regression coefficient. In addition, SGRQ CB
was an independent predictor of severe exacerbation frequency whereas classic CB was not.

concLusions: The SGRQ CB definition identified more subjects at risk for future exacer-
bations than the classic CB definition. SGRQ CB was at least a similar if not better predictor
of future exacerbations than classic CB. CHEST 2019; 156(4):685-695

KEY WORDS: cough; chronic bronchitis; COPD; exacerbations

FOR EDITORIAL COMMENT, SEE PAGE 641

ABBREVIATIONS: CB = chronic bronchitis; COPDGene = Genetic
Epidemiology Study of Chronic Obstructive Pulmonary Disease;
GOLD = Global Initiative for Chronic Obstructive Lung Disease;
LFU = longitudinal follow-up; mMRC = modified Medical Research
Council; SGRQ = St. George’s Respiratory Questionnaire
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COPD is a major public health problem that is the
fourth leading cause of death in the United States."
Chronic bronchitis (CB) is surprisingly common in the
general population, seen in 3.4% to 22.0% of adults.” CB
hastens lung function decline, increases risk for
exacerbations, reduces health-related quality of life, and
raises all-cause mortality.”” However, the data on which
these conclusions are based have used various
definitions, including chronic phlegm, chronic mucus
hypersecretion, bronchial hypersecretion, and chronic
cough with phlegm.”® "

CB is classically defined as chronic cough and sputum
production for 3 months/year for at least two
consecutive years."” This definition has been the
standard one for years, but many studies have used
different ways to define it. The St. George’s Respiratory

Questionnaire (SGRQ) has been used extensively in
large COPD clinical trials, and some studies have used a
definition for CB derived from the answers to the
questions regarding cough and phlegm in the
SGRQ.MJS

We have shown that SGRQ CB identified 50.9% more
patients with a similar clinical phenotype that is
identified by the classic definition."®
sectional analysis, history of prior exacerbations was just
as great in those with classically defined CB compared
with the SGRQ CB definition. The utility of the SGRQ
CB definition in identifying exacerbations prospectively
is not known. We hypothesized that the SGRQ CB
definition would have at least a similar predictive value
compared with the classic CB definition for future

In this cross-

exacerbations.

Methods

The COPDGene (Genetic Epidemiology of COPD) study is a
longitudinal study at 21 clinical centers across the United States.
Subjects were non-Hispanic whites or African Americans with
smoking histories of at least 10 pack-years and had no other lung
disease except asthma.'” All subjects provided informed consent in
writing, and the study was approved at each clinical center by their
local institutional review board (full list available in e-Appendix 1).
We included current or former smokers without airflow obstruction
(Global Initiative for Chronic Obstructive Lung Disease [GOLD] 0)
and those with COPD (GOLD 1-4). Prospective exacerbation data
were captured through a longitudinal follow-up (LFU) protocol
conducted every 3 to 6 months by coordinator phone calls or an
automated telephonic or web-based inquiry.'® Length of follow-up
varied on the basis of time of enrollment; the July 2016 LFU data set
was used for this analysis.

Subjects were extensively clinically characterized, including a detailed
medical history, respiratory symptoms, SGRQ, spirometry, CT scans
of the chest, and 6-minute walk test. Classic CB was defined as
cough and phlegm for at least 3 months per year for at least two
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consecutive years. The SGRQ definition of CB was defined as both
cough and phlegm “almost every day” or “several days a week” over
the past 4 weeks. Subjects were divided into classic CB" vs classic
CB, or SGRQ CB" vs SGRQ CB~ separately, based on baseline data.
The primary outcomes of interest were total and severe exacerbation
frequencies (severe defined as requiring an ED visit or
hospitalization) and percentages of the groups with total
exacerbation frequency = 2/year or severe exacerbation frequency =
1/year. In addition, to ascertain the characteristics of subjects using
both definitions, subjects were divided into four groups (classic CB”/
SGRQ CB", classic CB"/SGRQ CB, classic CB/SGRQ CB™, classic
CB*/SGRQ CB™).

Statistics

Statistics were performed with SPSS version 24.0 (IBM Corp.).
Continuous variables were compared between the two groups (classic
CB™ vs classic CB~ or SGRQ CB* vs SGRQ CB") using unpaired ¢
tests, and categorical values were compared with ¥ > tests. When
four groups were analyzed (classic CB/SGRQ CB~, classic CB*/
SGRQ CB’, classic CB/SGRQ CB', classic CB*/SGRQ CBY),
continuous variables were analyzed by one-way analysis of variance
with the Bonferroni method for multiple comparisons. Multivariable
linear regression for total and severe exacerbation frequency in LFU
was performed with either classic CB or SGRQ CB as the
independent variables of interest with age, race, sex, pack-year
history, current smoking, oxygen use, modified Medical Research
Council (mMRC) dyspnea score, % emphysema, prior exacerbation
frequency, FEV,% predicted, 6-minute walk distance, and body mass
index as covariates. The regression coefficients for SGRQ CB and
classic CB were compared with one another in these multivariable
models. In addition, multivariable logistic regression was performed
for exacerbation frequency = 2 exacerbations/subject/year and severe
exacerbation frequency = 1 exacerbation/subject/year, using the
same independent variables.

Results

Baseline characteristics of the groups divided by classic
CB or SGRQ CB are presented in Table 1. Of the 7,557
subjects analyzed, 1,434 subjects were in the classic CB™
group (19.0% of the cohort) and 2,290 subjects (30.3% of
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TABLE 1 | Baseline Characteristics

SGRQ CB~ SGRQ CB™ Classic CB~ Classic CB*
Variable (n = 5,267) (n = 2,290) P Value (n=16,123) (n=1,434) P Value
Race, non-Hispanic 71.8 76.5 <.0001 72.2 77.5 <.0001
white, %
Sex, male, % 50.3 57.4 <.0001 51.1 58.5 <.0001
BMI, kg/m? 28.5 +5.9 28.5 + 6.3 .510 28.52 + 5.94 28.46 + 6.27 .713
Age, y 60.86 + 9.10 60.73 + 8.80 .548 60.93 £+ 9.09 60.36 + 8.65 .030
Smoking history, 42.40 + 23.58 | 50.30 + 27.46 | <.0001 | 43.27 + 24.24 | 51.34 +27.52 | <.0001
pack-years
Current smoking, % 40 59.3 <.0001 42 62.6 <.0001
FEV;% pred 80.26 + 25.94 | 67.15+ 27.22 | <.0001 | 78.66 + 26.52 | 66.09 + 26.76 | <.0001
FVC% pred 90.57 +17.26 | 84.44 +19.31 | <.0001 | 89.69 + 17.73 | 84.52 +19.18 | <.0001
FEV,/FVC 0.67 + 0.16 0.59 + 0.17 <.0001 0.66 + 0.16 0.59 +£0.17 <.0001
6-Min walk distance, ft 1,412 + 392 1,273 + 397 <.0001 1,395 + 397 1,263 + 387 <.0001
mMRC dyspnea score 1.07 + 1.34 1.94 +1.47 <.0001 1.16 + 1.38 2.06 + 1.45 <.0001
Noct awake cough, % 14.9 46 <.0001 18.2 50.4 <.0001
Noct awake SOB, % 13.7 33.7 <.0001 15.4 38.4 <.0001
Allergic nasal sympt, % 42.1 64.4 <.0001 44.4 67.7 <.0001
Allergic ocular sympt, % 37 51.6 <.0001 38.3 54.6 <.0001
Dusty job ever, % 42.2 54.6 <.0001 43 58.6 <.0001
Fumes job ever, % 43.9 54.7 <.0001 44.4 59.1 <.0001
Exac freq, No./pt/y 0.27 £ 0.75 0.72 +£1.27 <.0001 0.32 +£0.83 0.79 +£1.33 <.0001
History of severe exac, % 8.3 19.2 <.0001 9.7 20 <.0001
% Emphysema 6.70 + 9.94 8.44 + 10.75 <.0001 6.93 + 10.07 8.50 + 10.75 <.0001
% Gas trapping 22.62 + 20.06 | 28.76 +21.75 | <.0001 | 23.46 + 20.48 | 28.87 +21.49 | <.0001
Inhaled medications
LAMA, % 4.3 7.3 <.0001 4.7 7.6 <.0001
LABA, % 0.5 1.2 .002 0.6 1.3 .013
ICS, % 2.6 4.7 <.0001 2.8 5.3 <.0001
ICS + LABA, % 8.2 14.2 <.0001 8.6 15.9 <.0001
ICS + LAMA, % 0.8 1.5 .003 0.8 1.9 .001
LABA + LAMA, % 0.6 1.5 <.0001 0.8 1.2 .110
ICS + LABA + LAMA, % 10.7 19.4 <.0001 11.8 19.9 <.0001
Comorbidities
Cancer, % 5.6 5.6 1.000 5.5 5.7 .798
Congestive heart 2.5 3.9 .001 2.7 3.9 .019
failure, %
Coronary artery 6.8 7.8 .132 6.8 8.3 .060
disease, %
Diabetes, % 11.5 13.1 .045 11.9 12.1 .892
Hypertension, % 42.0 45.6 .004 42.5 45.3 .054
Cerebrovascular 2.3 3.1 .055 2.5 2.4 .925
disease, %
GERD, % 25 31.7 <.0001 24.4 30.4 <.0001

Values are expressed as mean =4 SD or percent. Medications are mutually exclusive groups. Probability values in boldface indicate significance. CB =
chronic bronchitis; Exac freq = exacerbation frequency; GERD = gastroesophageal reflux disease; ICS = inhaled corticosteroids; LABA = long-acting
B-agonist; LAMA = long-acting muscarinic antagonist; mMRC = modified Medical Research Council; Noct = nocturnal; SGRQ = St. George'’s Respira-
tory Questionnaire; SOB = shortness of breath; sympt = symptoms.
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the cohort, 59.6% more individuals than classic CB™)
were in the SGRQ CB™ group. Whether divided by
classic CB or SGRQ CB, those who were CB™ were more
likely to be non-Hispanic white, male, and currently
smoking, and had a greater pack-year history, a lower
FEV % predicted, a lower 6-minute walk distance, and
higher mMRC dyspnea score. Those who were CB™ also
experienced more exacerbations prior to enrollment and
were more likely to have had a prior severe exacerbation.
Those who were CB™ were also more likely to be treated
with inhaled medications such as long-acting muscarinic
antagonists, long-acting f-agonists, and inhaled
corticosteroids. Breakdown of medication classes by
GOLD stages is provided in e-Table 1. Those who were
CB™" were also more likely to have histories of congestive
heart failure and gastroesophageal reflux disease.
Otherwise comorbidities between CB" and CB~ groups
were not significantly different. These trends were
similar whether classic CB* or SGRQ CB™ subjects were
compared with classic CB™ or SGRQ CB™ subjects,
respectively.

Data on COPD exacerbations during LFU are presented
in Table 2. Subjects were monitored for 5.16 £ 2.06
years. Whether subjects were divided by classic CB or
SGRQ CB, the CB™ group had a greater total and severe
exacerbation frequency compared with the CB™ group.
Similarly, the percentages of subjects in the CB* groups
with a total exacerbation frequency of = 2/year and
severe exacerbation frequency of = 1/year were higher
compared with the CB™ groups. These trends were also
seen when subjects were separated into GOLD 0 and
GOLD 1-2 disease. In those with GOLD 3-4 disease,
total and severe exacerbation frequencies, as well as the
percentage of those with total exacerbation frequencies
of = 2/year and severe exacerbation frequencies of = 1/
year, were greater in the SGRQ CB™ group compared
with the SGRQ CB~ group. However, in the classic CB"
group in those with GOLD 3-4 disease, only total
exacerbation frequency was greater compared with the
classic CB™ group, whereas the severe exacerbation
frequencies were not statistically different. Similarly, the
percentages of severe exacerbation frequencies = 1/year

TABLE 2 | Total and Severe Exacerbation Frequency in Longitudinal Follow-Up

Classic CB Definition SGRQ CB Definition
Classic CB™ Classic CB* SGRQ CB~ SGRQ CB™
GOLD Stage/Exacerbation History (n=6,121) (n=1,434) P Value (n =5,238) (n = 2,290) P Value
All
Exac freq (No./pt/y) 0.36 + 0.90 0.69 + 1.26 <.0001 0.31 + 0.80 0.69 + 1.29 .0001
Severe exac freq (No./pt/y) 0.13 + 0.46 0.26 + 0.74 <.0001 0.10 + 0.39 0.26 + 0.74 .0001
Exac freq = 2/y (%) 4.7 10.5 <.0001 3.6 11.0 .0001
Severe exac freq = 1/y (%) 3.6 7.4 <.0001 2.9 7.6 .0001
GOLD stage 0 (n=3,160) (n =428) (n=2,847) (n=741)
Exac freq (No./pt/y) 0.16 &+ 0.63 0.30 +£ 0.72 <.0001 0.15 + 0.61 0.30 + 0.78 .0001
Severe exac freq (No./pt/y) 0.06 + 0.34 0.12 + 0.45 <.0001 0.05 + 0.30 0.12 + 0.52 .0001
Exac freq = 2/y (%) 1.6 3.2 .017 1.4 3.2 .002
Severe exac freq = 1/y (%) 1.6 3 .044 1.2 3.6 .0001
GOLD stage 1-2 (n=1,812) (n = 555) (n=1,521) (n = 846)
Exac freq (No./pt/y) 0.34+0.74 | 0.64+1.14 | <.0001 | 0.31+0.67 | 0.61 +1.09 .0001
Severe exac freq (No./pt/y) 0.11 4+ 0.40 0.23 + 0.68 <.0001 0.09 + 0.31 0.22 + 0.69 .0001
Exac freq = 2/y (%) 4.1 9.4 <.0001 3.3 9.0 .0001
Severe exac freq = 1/y (%) 2.7 6.1 <.0001 2.3 5.7 .0001
GOLD stage 3-4 (n=1,124) (n = 445) (n = 866) (n=703)
Exac freq (No./pt/y) 0.96 + 1.39 1.12 £ 1.62 .040 0.84 +1.22 1.21 +1.70 .0001
Severe exac freq (No./pt/y) 0.35+0.71 0.43 + 0.96 .082 0.30 + 0.64 0.46 + 0.93 .0001
Exac freq = 2/y (%) 14.7 19.1 .039 11.3 21.6 .0001
Severe exac freq = 1/y (%) 10.9 13.3 .189 9.5 14.1 .005

Data are expressed as mean = SD or percent. Probability values in boldface indicate significance. GOLD = Global Initiative for Chronic Obstructive Lung
Disease; pt = patient. See Table 1 legend for expansion of other abbreviations.
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were not statistically different between the classic CB*
and classic CB~ groups in GOLD 3-4 subjects.

Data on the four-group analysis are presented in

Table 3. Of note, there were only 208 subjects (2.75% of
the cohort) in the classic CB*/SGRQ CB™ group, and
1,071 subjects in the classic CB/SGRQ CB™ group

(14.17%), almost the same number as those who were

classic CB"/SGRQ CB™ (n = 1,220, 16.14%). Figure 1
shows the breakdown of subjects in each group. Overall

TABLE 3 | Baseline Characteristics and Exacerbations of Four CB Groups

trends in differences between groups were similar when
classic CB" or SGRQ CB" groups were compared with
classic CB™ or SGRQ CB™ groups, respectively.

Individual differences between each group are shown in

Classic CB7/SGRQ Classic CB*/SGRQ Classic CB"/SGRQ Classic CB*/SGRQ
B~ B~ CB* CB*
(A ®) © O)
Variable (n =5,027) (n = 208) (n=1,071) (n = 1,220) Overall P Value
Race, Non-Hispanic 72.3%¢ 58.8°°¢ 71.6° 80.7 <.0001
white, %
Sex, male, % 50.2°¢ 53.6 55.2°¢ 59.4 <.0001
BMI, kg/m? 28.50 + 5.87 28.15 + 5.58 28.66 + 6.23 28.51 + 6.38 .692
Age, y 60.99 + 9.09° 57.86 + 8.86"°¢ 60.66 + 9.09 60.79 + 8.55 <.0001
Smoking history, pack- 43.32 + 23.57°¢ | 44.29 + 23.97° 47.72 + 26.72° 52.54 + 27.91 <.0001
years
Current smoking 38.9%b:¢ 67.8° 56.5°¢ 61.7 <.0001
FEV1% pred 80.54 + 73.58 + 27.18° 69.85 + 27.80° 64.80 + 26.49 <.0001
25.85%¢
FVC% pred 90.68 + 17.15>¢ | 88.06 + 19.75° 85.05 + 19.62 83.92 + 19.02 <.0001
FEV1/FVC 0.67 + 0.167°¢ 0.63 + 0.16° 0.61 + 0.17° 0.58 + 0.17 <.0001
6-Min walk distance, ft 1,417 + 391%5¢ 1,294 + 395 1,291 + 409 1,258 + 386 <.0001
mMRC dyspnea score 1.04 + 1.32%P< 1.76 + 1.49¢ 1.73 + 1.48¢ 2.12 + 1.44 <.0001
GERD, % 24,280 29.9 28.6° 32.0 <.0001
Noct awake cough, % 13.6%/°¢ 44.1°¢ 39.6° 51.5 <.0001
Noct awake SOB, % 12,73/ 38.4° 28.4°¢ 38.4 <.0001
Allergic nasal sympt, % 41.3%/bc 60.2° 59.1¢ 69.0 <.0001
Allergic ocular sympt, % 36.3%0¢ 54.5° 48.0° 54.7 <.0001
Dusty job ever, % 41.5%/bc 59.2° 50.2¢ 58.5 <.0001
Fumes job ever, % 43.3%bc 57.3%¢ 49.3¢ 59.4 <.0001
Exac freq, No./pt/y 0.26 + 0.72%¢ 0.63 + 1.16° 0.60 + 1.16° 0.82 +1.36 <.0001
History of severe 7.9%/bc 18.0 17.8 20.3 <.0001
exac, %
% Emphysema 6.71 + 9.94°¢ 6.38 + 9.93° 7.96 + 10.61 8.86 + 10.85 <.0001
% Gas trapping 22.59 + 20.04>¢ | 23.27 + 20.59¢ 27.53 + 21.97 29.82 + 21.51 <.0001
Longitudinal follow-up
Exac freq, No./pt/y 0.30 + 0.81°¢ 0.45 £+ 0.94° 0.64 + 1.27¢ 0.75+1.24 <.0001
Exac freq = 2/y, % 3.50¢ 4.85¢ 10.4 11.6 <.0001
Severe exac freq, 0.10 + 0.39°¢ 0.14 + 0.36° 0.23 + 0.68 0.28 + 0.79 <.0001
No./pt/y
Severe exac freq 2.9¢ 4.7 7.3 7.9 <.0001
=1/y, %

Values are expressed as mean =+ SD or percent. Probability values in boldface indicate significance. See Table 1 and 2 legends for expansion of
abbreviations.

@P < .05 compared with group B.

bp < .05 compared with group C.

P < .05 compared with group D.
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Figure 1 - Percent breakdown of each of the four chronic bronchitis
groups. SGRQ = St. George’s Respiratory Questionnaire.

Table 3. The classic CB¥/SGRQ CB™ group had the
worst lung function, greatest pack-year history of
smoking, lowest 6-minute walk distance, highest mMRC
dyspnea scores, and greatest exacerbation histories. In
LFU, exacerbation frequency and severe exacerbation
frequency were highest in the classic CB"/SGRQ CB™"
group followed by the classic CB"/SGRQ CB™ group.

The regression coefficients for the multivariable linear
regressions for exacerbation frequency and severe
exacerbation frequency are shown in Tables 4 and 5.
Both classic CB and SGRQ CB were independently
associated with exacerbation frequency in the entire
cohort (B coefficient, 0.083; SE, 0.030; P = .006; and f
coefficient, 0.166; SE, 0.026; P < .0001, respectively).
When divided by GOLD stages, classic CB was only
independently associated with exacerbation frequency in
GOLD stages 1-2, whereas SGRQ CB was associated
with exacerbation frequency in all GOLD stages.
Directly comparing regression coefficients, SGRQ CB

was superior to classic CB in association with total
exacerbation frequency in the entire cohort, as well as in
GOLD 3-4 subjects, suggesting better predictive capacity
(P =.017 and P = .038, respectively). SGRQ CB, but not
classic CB, was independently associated with severe
exacerbation frequency in all GOLD stages (3
coefficient, 0.065; SE, 0.014; P < .0001; and P coefficient,
0.032; SE, 0.016; P = .054; respectively). Comparing
regression coefficients, there was a trend toward a
statistical difference between SGRQ CB and classic CB
in the entire cohort and in GOLD 3-4 subjects (P = .077
and P = .092, respectively).

Figures 2 and 3 represent the mean differences in
exacerbation frequencies and severe exacerbation
frequencies, respectively, for classic CB and SGRQ CB.
ORs for exacerbation frequency = 2/year and severe
exacerbation frequency = 1/year are shown in Figures 4
and 5. SGRQ CB™ but not classic CB' had increased
ORs for exacerbation frequency = 2/year in
multivariable logistic regression. In addition, classic
CB/SGRQ CB™ and classic CB*/SGRQ CB" compared
with classic CB"/SGRQ CB™ had increased odds of
having an exacerbation frequency = 2/year. Similarly,
SGRQ CB™ but not classic CB" conferred an increased
risk of severe exacerbation frequency = 1/year. In the
four-group comparison, only the classic CB"/SGRQ CB™
group increased odds of a higher severe exacerbation
frequency.

Discussion

We showed in a cohort of over 7,000 current or former
smokers with GOLD 0-4 disease that those with CB
defined by either the SGRQ or classic definition had
worse lung function, dyspnea, exercise intolerance,
radiographic evidence of disease, and exacerbation
histories. We again demonstrated that the SGRQ CB™
group was much larger than the classic CB™ group with
similar clinical phenotypes. Most importantly, we
showed that CB by both the SGRQ and classic

TABLE 4 | Multivariable Linear Regression for Exacerbation Frequency

Classic CB SGRQ CB SGRQ vs Classic
GOLD B Coeff” SE P Value B Coeff” SE P Value P Value
All 0.083 0.030 .006 0.166 0.026 <.0001 .017
0.031 0.035 .366 0.059 0.029 .039 .391
1,2 0.134 0.045 .003 0.193 0.040 <.0001 .239
3,4 0.096 0.095 312 0.310 0.088 <.0001 .038

Probability values in boldface indicate significance. Coeff = coefficient. See Table 1 legend for expansion of other abbreviations.

Age, race, sex, pack-year history, current smoking, oxygen use, modified Medical Research Council dyspnea score, % emphysema, prior exacerbation

frequency, FEV1% predicted, 6-min walk distance, and BMI as covariates.
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TABLE 5 | Multivariable Linear Regression for Severe Exacerbation Frequency

Classic CB SGRQ CB SGRQ vs Classic
GOLD B Coeff® SE P Value B Coeff* SE P Value P Value
All 0.032 0.016 .054 0.065 0.014 <.0001 .077
0.027 0.018 .139 0.035 0.015 .017 .655
1,2 0.033 0.026 .199 0.054 0.023 .018 .520
3,4 0.038 0.051 462 0.121 0.047 .011 .092

Probability values in boldface indicate significance. See Table 1 and 4 legends for expansion of abbreviations.
?Age, race, sex, pack-year history, current smoking, oxygen use, modified Medical Research Council dyspnea score, % emphysema, prior exacerbation
frequency, FEV;,% predicted, 6-min walk distance, and BMI as covariates.

definitions increased risk for future exacerbations, but
only SGRQ CB was independently associated with severe
exacerbations. To date, this is the largest extensively
characterized cohort where a prospective analysis of
exacerbations has been performed, with two different
CB definitions directly compared against one another.

Given that there were few subjects in the classic CB™/
SGRQ CB™ group but many subjects in the classic CB™/
SGRQ CB™ group, our analysis suggests that the SGRQ
CB definition is better at identifying subjects at risk. In
addition, given that the ORs for severe exacerbation
frequency were not statistically different for classic CB*,
and severe exacerbation frequency was similarly greater
in the classic CB"/SGRQ CB™ group and the classic
CB*/SGRQ CB™ group, the data suggest that the SGRQ
CB definition may be at least equivalent if not better in
predicting future severe exacerbations.

The prevalence of CB varies greatly among studies,
ranging from a low as 2.6% in the general population to as
high as 74% in small COPD cohorts.” Much of this
variation has to do with a range of definitions, including
productive cough, chronic cough and expectoration,
bronchial hypersecretion, and chronic sputum
production.” As a result, it has been difficult to cohesively
summarize the literature regarding not only prevalence
estimates but also sequelae. Therefore, it is of paramount
importance to have a uniformly accepted definition to
improve our understanding of this disorder.

CB affects approximately 10 million people in the
United States and is associated with numerous clinical
consequences.'” A prior cross-sectional analysis of the
COPDGene cohort found that COPD subjects with CB
had higher mMRC dyspnea scores, lower 6-minute walk
distance, and worse health-related quality of life.”
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Figure 2 - Differences in exacerbation frequency across GOLD stages.
Red, classic CB" vs classic CB”; blue, SGRQ CB" vs SGRQ CB". Circles
represent mean difference and error bars represent 95% CI. *P < .05 and
fP < .0001 compared with classic CB~ or SGRQ CB’, respectively, on
multivariable linear regression. CB = chronic bronchitis; GOLD =
Global Initiative for Chronic Obstructive Lung Disease. See Figure 1
legend for expansion of other abbreviation.

chestjournal.org

Figure 3 - Differences in severe exacerbation frequency across GOLD
stages. Red, classic CB" vs classic CB™; blue, SGRQ CB™ vs SGRQ CB".
Circles represent mean difference and error bars represent 95% CI. *P <
.05 and tP < .0001 compared with classic CB” or SGRQ CB’, respec-
tively, on multivariable linear regression. See Figure 1 and 2 legends for
expansion of abbreviations.
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Classic+/SGRQ+ vs Classic-/SGRQ- -
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Figure 4 — OR for exacerbation frequency = 2/y. See Figure 1 legend for

Chronic mucus hypersecretion has been shown to
hasten lung function decline in the Copenhagen City
Heart Study, and classically defined CB also has been
associated with a faster rate of decline in FEV; in
smokers without airflow obstruction.”" Several studies
as well have linked CB with increased all-cause and
COPD-related mortality.*””**

Classically defined CB has been associated with
exacerbations in several studies. A cross-sectional
analysis of COPDGene showed that those with
classically defined CB had nearly double the number of
exacerbations in the year prior compared with those
without CB.”’ Another cross-sectional analysis of 974
COPD subjects with GOLD 2-4 disease found that those
with CB had more exacerbations, a higher percentage of
patients with frequent exacerbations, and increased
COPD-related and all-cause hospitalization rates.”’
Classically defined CB has also been associated with
respiratory exacerbations in GOLD 0 subjects.”
Similarly, the classic definition of CB was shown to be

Classic+/SGRQ- vs Classic-/SGRQ- -

0.5 1.0 1.5 2.0
OR for exacerbation frequency > 2/y

2.5

expansion of abbreviation.

independently associated with exacerbations in the
Subpopulations and Intermediate Outcomes in COPD
Study (SPIROMICS).”

CB has also been linked to exacerbations when defined
differently. Chronic mucus hypersecretion is associated
with a greater than twofold risk of COPD-related
hospitalization.” A multicenter study showed that
chronic cough and phlegm had an increased
exacerbation frequency.® A large study of five Latin
American cities showed that CB defined as chronic
phlegm on most days for 3 months/year for = 2 years
was associated with more exacerbations.”®

The SGRQ definition of CB has been used in several
studies. In the MACRO trial, SGRQ-defined CB was
determined not to be an independent predictor of response
to daily azithromycin.'* We have previously shown in
COPDGene that in those with GOLD 1-4 disease the
SGRQ CB definition identified greater than 50% more
subjects with a similar history of total and severe

Classic-/SGRQ+ vs Classic-/SGRQ- -
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Figure 5 - OR for severe exacerbation frequency = 1/y. See Figure 1 legend for expansion of abbreviation.
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exacerbations than the classic CB definition.'® An analysis
of smokers with and without COPD in SPIROMICS
showed that the SGRQ CB definition at baseline was an
independent predictor of exacerbations in the first year.””

The SGRQ assesses health-related quality of life over the
prior 4 weeks. Therefore, the SGRQ CB definition can be
criticized for not ascertaining chronicity of cough and
phlegm adequately, as the classic definition does.
However, our data show that the total and severe
exacerbation frequencies by either definition were
similar, and in multivariable analysis the SGRQ
definition was at least similar as a predictor of severe
exacerbations and a better predictor for total
exacerbations. This suggests that a simple assessment of
cough and phlegm in the preceding 4 weeks has greater
prognostic value than ascertaining the sometimes
waxing and waning symptoms over the last 2 years.

There are several limitations that are worthy of mention.
First, the exacerbations were assessed by patient report
and these events were not adjudicated by medical
records, leaving the possibility of recall bias. There also
may have been exacerbations not reported. Several
studies have shown that many exacerbations noted by
symptom diaries were not reported to a health-care
professional.”’28 In addition, given the discrepancy

between the numbers in the classic CB' and SGRQ CB™
groups, there may be some misclassification bias.
Indeed, differences in the administration of the
questionnaires (self or by a clinician) may have affected
classification of subjects. Last, as exacerbations were only
assessed at regularly scheduled intervals, we were unable
to assess the time to first exacerbation in this LFU
cohort.

Nonetheless, we have shown several advantages of the
SGRQ CB definition compared with the classic one. We
have shown that the SGRQ CB definition identifies
50% more subjects with GOLD 0-4 disease who have the
same clinical phenotype as the classic definition; it is
comparable if not better in predicting future total
exacerbations; and SGRQ CB is independently
associated with future severe exacerbations where classic
CB was not. The SGRQ CB definition is easier to derive
than the classic one, making it more clinically useful.
Based on these data, a quick assessment of cough and
sputum symptoms may offer better prognostic value
than trying to derive the classic CB definition from
multiple questions in a clinical setting. Validation of
these findings in other cohorts and a prospective study
comparing the two definitions would further solidify the
role of the SGRQ CB definition in clinical practice.
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