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ABSTRACT  Studies assessing dyspnoea and health-related quality of life (HRQoL) in chronic obstructive
pulmonary disease (COPD) have focussed on patients in clinical settings, not the general population.

The aim of this analysis was to compare the prevalence and severity of dyspnoea and impaired HRQoL
in individuals with and without COPD from the general population, focussing on mild-moderate COPD.

Analysis of the 3-year Canadian Cohort Obstructive Lung Disease (CanCOLD) study included four
subgroups: mild COPD (Global Initiative for Chronic Obstructive Lung Disease (GOLD) 1); moderate
COPD (GOLD 2); non-COPD smokers; and non-COPD never-smokers. The primary outcome was
dyspnoea (Medical Research Council (MRC) scale), and the secondary outcome was HRQoL (COPD
Assessment Test (CAT) score; Saint George’s Respiratory Questionnaire (SGRQ) score). Subgroups were
analysed by sex, physician-diagnosed COPD status and exacerbations.

1443 participants (mild COPD (n=397); moderate COPD (n=262(; smokers (n=449) and never-smokers
(n=335)) were studied. People with mild COPD were more likely to report more severe dyspnoea (MRC 2
versus 1) than those without COPD (OR (95% CI) 1.42 (1.05-1.91)), and non-COPD never-smokers (OR
(95%CI) 1.64 (1.07-2.52)). Among people with mild COPD, more severe dyspnoea was reported in
women versus men (MRC2 versus 1; OR (95% CI) 3.70 (2.23-6.14)); people with, versus without,
physician-diagnosed COPD (MRC2 versus 1; OR (95% CI) 3.27 (1.71-6.23)), and people with versus
without recent exacerbations (MRC2 versus 1; >2 versus 0 exacerbations: OR (95% CI) 3.62 (1.02-12.86);
MRC 23 versus 1; 1 versus 0 exacerbation: OR (95% CI): 9.24 (2.01-42.42)). Similar between-group
differences were obtained for CAT and SGRQ scores.

Careful assessment of dyspnoea and HRQoL could help identify individuals for earlier diagnosis and
treatment.
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Individuals from a population-based study with mild COPD are more symptomatic than non-
COPD peers. Worse dyspnoea and quality of life was reported by people with mild COPD who
are female, or have a physician diagnosis of COPD or recent exacerbations. https:/bit.ly/2XE2B6S

Cite this article as: Cherian M, Jensen D, Tan WC, et al. Dyspnoea and symptom burden in
mild-moderate COPD: the Canadian Cohort Obstructive Lung Disease Study. ERJ Open Res 2021; 7:
00960-2020 [https://doi.org/10.1183/23120541.00960-2020].

This article has supplementary material available from openres.ersjournals.com.

Data sharing statement: Individual participant data is owned by the CanCOLD investigators. GSK reviewed the analysis
in an anonymized, aggregate form and does not own or have access to these data. Information on GSK’s data sharing
commitments can be found at www.clinicalstudydatarequest.com.

Received: 20 Dec 2020 | Accepted: 21 Dec 2020

©The authors 2021. This version is distributed under the terms of the Creative Commons Attribution Non-Commercial
Licence 4.0. For commercial reproduction rights and permissions contact permissions@ersnet.org

https://doi.org/10.1183/23120541.00960-2020 ERJ Open Res 2021; 7: 00960-2020


https://orcid.org/0000-0001-5843-3886
https://orcid.org/0000-0001-7593-2433
https://orcid.org/0000-0002-2498-9859
https://orcid.org/0000-0002-7649-038X
https://bit.ly/2XE2B6S
https://bit.ly/2XE2B6S
https://doi.org/10.1183/23120541.00960-2020
mailto:permissions@ersnet.org
openres.ersjournals.com
http://www.clinicalstudydatarequest.com
https://crossmark.crossref.org/dialog/?doi=10.1183/23120541.00960-2020&domain=pdf&date_stamp=

COPD | M. CHERIAN ET AL.

Introduction

Dyspnoea is a cardinal symptom of COPD, across all severities of airflow obstruction [1]. Over 70% of
people with diagnosed COPD seen in primary care experience dyspnoea, with 32% of people with mild
airflow limitation (Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage 1) experiencing
moderate-to-severe dyspnoea (Medical Research Council (MRC) Scale >3) [1, 2]. Dyspnoea can precede
COPD diagnosis, with people often misattributing this symptom to ageing, smoking, or deconditioning,
thereby contributing to COPD under/late diagnosis [3-8].

Approximately half of Canadians with spirometrically defined COPD are estimated to have mild disease
[9]; however, few studies have examined dyspnoea and health-related quality of life (HRQoL) in this
prevalent group [10, 11]. Therefore, our understanding of dyspnoea and impaired HRQoL on people with
mild or undiagnosed COPD is limited. Addressing this knowledge gap is important because earlier
diagnosis and treatment of COPD may reduce disease burden [12] and improve long-term health
outcomes. In addition, dyspnoea relief is prioritised as an important patient-centred outcome and goal of
COPD treatment [7, 13].

Facilitating earlier COPD diagnosis may be particularly important for women, who experience higher
levels of dyspnoea, more frequent exacerbations and hospitalisations, and poorer HRQoL than men of a
similar age and airflow obstruction [14, 15]. Women are further disadvantaged by male-dominated bias in
physician awareness, and the comparative lack of female representation in COPD clinical trials [16, 17].
Population-based studies in people with physician-diagnosed mild COPD have demonstrated that 23-34%
experienced exacerbations versus 12-19% in undiagnosed people [18]. Yet, most exacerbation studies focus
on people with diagnosed, moderate-to-very-severe COPD [19-21]. Furthermore, people with and without
a physician diagnosis of COPD require similar healthcare services access for exacerbation-like respiratory
events [18].

The primary objective of this analysis of the Canadian Cohort Obstructive Lung Disease (CanCOLD)
study population [22] was to compare the prevalence and severity of dyspnoea and impaired HRQoL
among people with mild (GOLD1) and moderate (GOLD2) COPD with both ever- and never-smoking
controls without COPD. Secondary objectives were to compare the prevalence and severity of dyspnoea
and impaired HRQoL based on sex, physician-diagnosed COPD status, and recent history of exacerbations.

Methods

Study design

This analysis used data from the 3-year CanCOLD study: a longitudinal population-based cohort of
randomly-sampled people from non-clinical settings in nine Canadian cities [18, 22]. The sampling
strategy is elaborated in the Supplementary material.

CanCOLD comprised people with (post-bronchodilator forced expiratory volume in 1 s (FEV,)/forced vital
capacity (FVC)<0.70) and without (post-bronchodilator FEV,/FVC >0.70) COPD and was subdivided into:
mild COPD (FEV; >80% predicted; GOLD1), moderate COPD (50%< FEV; <80% predicted; GOLD2),
non-COPD current/former smokers (>20 packs in a lifetime, or >1 cigarette-day ' for >1 year) and
non-COPD never-smokers (figure 1). Socio-demographics, clinical status, spirometry, MRC dyspnoea
ratings, COPD Assessment Test (CAT) scores, and Saint George’s Respiratory Questionnaire (SGRQ)
scores, were assessed at baseline (visit (V)1), 1.5 years (V2), and 3 years (V3). Exacerbation incidence was
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CanCOLD population
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COPD Non-COPD
Mild COPD Moderate COPD Smokers# Never-smokers
(FEV; 280% predicted; (FEV; <80% predicted; (n=449) (n=335)
GOLD 1; n=397) GOLD 2; n=262)

Subgroup analyses conducted for participants with COPD:

1. Women versus men
2. Physician-diagnosed COPD versus physician-undiagnosed COPD
3. People with and without a recent history of exacerbations

FIGURE 1 Study design and subgroups analysed. *: Current or former smokers were defined as smoking >20 packs in a lifetime, or
>1 cigarette-day™" for >1 year. Exacerbation history was limited to the 12 months before Visit 3. The analysis of these data only included people for
whom there was Visit 3-specific data. COPD: chronic obstructive pulmonary disease; FEV,: forced expiratory volume in 1's; GOLD: Global Initiative
for Chronic Obstructive Lung Disease.

assessed every 3 months by telephone or online questionnaires. See the Supplement for key operational
definitions. All participants provided written consent prior to enrolment in CanCOLD, and ethics and
review board approval was obtained at all nine sites. The STROBE (STrengthening the Reporting of
OBservational studies in Epidemiology) checklist [23] was used in the creation of this manuscript.

Outcomes

Dyspnoea was assessed using the MRC dyspnoea scale of 1-5 [24] because of its prognostic value [25] and
use by the Canadian Thoracic Society [26]. HRQoL was assessed using the CAT and the SGRQ. The CAT
was used for its clinical utility [26] and responsiveness [27], while the SGRQ was selected for its
multidimensionality [28]. For more on outcome selection, see the Supplementary material. MRC, CAT and
SGRQ scores from V1 were used for all analyses, except when analysing outcomes among people with
different exacerbation frequencies where outcomes collected at V3 were used so as to have prior
exacerbation history available. Exacerbation history, collected every 3 months, was limited to the
12 months before V3; the analysis of these data only included people with data available from V3.

Statistical analysis

For the primary objective, differences in the prevalence and severity of dyspnoea between people with COPD
(mild and moderate) and those without COPD were compared using Chi-squared or Fisher’s exact tests for
categorical variables. Sensitivity analyses were conducted to 1) compare the mild COPD subgroup with the
non-COPD group, and particularly with never-smokers; 2) excluding participants with a physician-diagnosis
of asthma; and 3) excluding participants on respiratory medications. Multinomial logistic regression models
were used to estimate adjusted odds ratios with 95% confidence intervals for MRC 2 versus MRC 1 and
MRC2>3 versus MRC 1, adjusting for relevant covariates (see the Supplementary material). Linear regression
models were used to estimate adjusted B with 95% confidence intervals for CAT and SGRQ scores. For
secondary objectives, differences were assessed using separate logistic regression models to compare
outcomes between relevant groups, with results adjusted for the same covariates.

The study was powered for the primary analysis, comparing the odds of reporting MRC2 versus 1 between
COPD (n=659) and non-COPD (n=784) groups. With a proportion of MRC2 among the non-COPD
group of 0.27, the study had >95% power to detect a proportion of MRC2 of >0.37 in the COPD group.
The probability of a Type I error was 0.05.

Results

Study population

The CanCOLD cohort assessed 1561 individuals at V1; 80 were excluded because MRC could not be
assessed due to non-ambulatory functional status attributed to comorbidities other than COPD (see the
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TABLE 1 Demographics and baseline characteristics
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COPD  Non-COPD p-value? COPD Non-COPD p-value'
Mild Moderate Smokers Never-smokers
(GOLD 1) (GOLD 2)

Subjects n 659 784 397 262 449 335

Age years 67.2¢410.1  65.9+9.6 0.019  68.0+9.8%f 65.9+10.3 65.6+9.48 66.349.8 0.008

Male 404 412 (52.6)  <0.001 259 (65.2) 145 (55.3) 262 (58.4) 150 (44.8) <0.001
(61.3)

BMI 27.2+48  27.845.2 0.122 26.9+4 .48 27.645.2 28.145.28 27.445.2 0.017

Never-smokers 190 335 (42.7)  <0.001 132 (33.2)8 58 (22.1)8 0 335 (100.0) <0.001
(28.8)

Former smokers 352 346 (44.1)  <0.001 212 (53.4)8 140 (53.4)f 346 (77.1)8f 0 <0.001
(53.4)

Current smokers 117 103 (13.1)  0.015 53 (13.4)8" 64 (24.4) 103 (22.9)8 0 <0.001
(17.8)

GOLD1 397 0 = 397 (100.0) 0 0 0 =
(60.2)

GOLD2 262 0 = 0 262 (100.0) 0 0 =
(39.8)

Self-reported 202 124 (15.8)  <0.001 93 (23.4)8 109 (41.6)8F 76 (16.9)f 48 (14.3)8 <0.001

physician-diagnosed (30.7)

asthma

Any respiratory 215 85(10.8)  <0.001 81 (20.4)%f 134 (51.1)8F 54 (12.0)f 31 (9.3)¢ <0.001

medication (32.6)

prescription®

Emphysema score 1.843.1 0.5+1.3 <0.001 1.4+2.58 2.323.78 0.7+1.58 0.2+0.78 <0.001

RV/TLC % 4249.6 37.548.2 <0.001 39.248.7 46.3+9.481 37.4+8.0 37.6+8.58 <0.001

Chronic bronchitis 112 99 (12.6)  0.0019 44 (1.1 48 (26.0)/##0 69 (15.4)%** 30 (9.0 <0.001
(17.0)

Data are presented as n, meantsp or n (%), unless otherwise stated. BMI: body mass index; COPD: chronic obstructive pulmonary disease;
GOLD: Global Initiative for Chronic Obstructive Lung Disease; ICS: inhaled corticosteroids; LABA: long-acting B,-agonist; LAMA: long-acting
muscarinic antagonist; RV/TLC: residual volume/total lung capacity; SABA: short-acting B,-agonist; SAMA: short-acting muscarinic antagonist.
#. p-values were obtained by performing Chi-squared or Fisher's exact test for category variables, and t-test (normal distribution) or
Mann-Whitney U tests (non-normal distribution] for continuous variables. T: p-values were obtained by performing Chi-squared or Fisher's
exact tests for category variables, and analysis of variance (normal distribution) or Kruskal-Wallis test (not normal distribution) for continuous
variables. *: Respiratory medicines included were: SAMA/SABA; LABA:+SAMA/SABA; LAMA+SAMA/SABA; LAMA+LABA+SAMA/SABA;
ICS£SAMA/SABA; LABA+ICS+SAMA/SABA; LAMA+ICS+SAMA/SABA; LAMA+LABA+ICS£SAMA/SABA. § f- ## 1. values with the same symbol
are significantly different from each other after Tukey adjustment for multiple comparisons [p<0.05). Bold indicates statistical significance.

Supplementary material for details). An additional 38 people with GOLD3+ COPD were also excluded.
Among the 1443 people included, 659 had COPD (n=397 mild; n=262 moderate) and 784 did not have
COPD (n=449 smokers; n=335 never-smokers). People without COPD were generally younger, women and
with a lesser smoking history compared with people with COPD. More people with versus without COPD
self-reported having physician-diagnosed asthma (30.7% versus 15.8%) and were prescribed respiratory
medications (32.6% versus 10.8%) (table 1). Characteristics according to sex, physician-diagnosed COPD
status and exacerbation frequency among people with COPD are shown in Table E4.

Dyspnoea and HRQoL by COPD severity

The prevalence of MRC>2 at baseline was greater in people with COPD (mild and moderate) versus
people without COPD (smokers and never-smokers). MRC>3 was reported more frequently in people
with moderate COPD (12.2%) than in people with mild COPD (3.5%), and non-COPD smokers (4.5%)
and never-smokers (3.3%) (figure 2a). Additionally, people with mild COPD were more likely to report
MRC2 versus 1 than people without COPD (OR (95% CI) 1.42 (1.05-1.91)), and particularly versus
never-smokers (OR (95% CI) 1.64 (1.07-2.52)) (figure 3). There were no statistically significant differences
in reporting MRC>3 versus 1 between people with mild COPD and those without COPD. Similar results
were obtained when participants with a physician-diagnosis of asthma or who reported use of respiratory
medication(s) were excluded (tables E5 and E6). HRQoL was worse in people with COPD (mild and
moderate) compared to people without COPD (higher CAT (B [95%CI]: 1.06 (0.48-1.64)) and SGRQ
scores (B (95% CI) 4.34 (2.84-5.84)) (figure 4). No differences in HRQoL were seen between people with
mild COPD compared with people without COPD or never smokers.
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FIGURE 2 Prevalence and severity of dyspnoea (Medical Research Council (MRC)) (a), and health-related quality of
life (COPD Assessment Test (CAT) total score (b]; SGRQ total score (c) at baseline. Error bars represent quartiles
1 and 3. Values above the bars in panel (a) represent the meantso MRC dyspnoea scores for each group. CAT:
COPD Assessment Test; COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative for Chronic
Obstructive Lung Disease; MRC: Medical Research Council; SGRQ: St George's Respiratory Questionnaire. #
significantly different from each other after Tukey adjustment for multiple comparisons (p<0.05).

Dyspnoea and HRQoL by sex

Within the COPD group, more women had MRC>2 compared with men (figure 5a). Women with COPD
were more likely to report MRC2 versus 1 (OR (95% CI) 3.12 (2.14-4.55)), and MRC>3 versus 1 (OR
(95% CI) 4.50 (2.27-8.92)) (figure 3). Women with COPD also reported worse HRQoL, as evidenced by
higher CAT (B (95% CI) 2.25 (1.33-3.18)) and SGRQ scores (B (95% CI) 5.55 (3.43-7.66)) (figures 4, 6a
and b). Similarly, among people with mild COPD, women had a higher mean baseline MRC (table 2) and
were more likely to report MRC2 versus 1 (OR (95% CI) 3.70 (2.23-6.14)) and MRC>3 versus 1 (OR (95%
CI) 5.56 (1.74-17.79)) (figure 3). Women compared with men with mild COPD reported worse HRQoL
(CAT; B (95% CI) 1.40 (0.39-2.40); SGRQ; B (95% CI) 3.88 (1.60-6.15) (figure 4, table 2).

Dyspnoea and HRQoL by physician-diagnosed COPD

Among people with COPD, those with versus without physician-diagnosed COPD reported greater dyspnoea
severity (figure 5b). People with versus without a diagnosis were more likely to report MRC2 versus 1 (OR
(95% CI) 2.64 (1.71-4.08)), MRC>3 versus 1 (OR (95% CI) 5.01 (2.40-10.45)) (figure 3) and worse HRQoL
(CAT; B (95% CI) 4.78 (3.76-5.80); SGRQ; B (95% CI) 10.08 (7.74-12.42)) (figures 4, 6¢ and d). Among the
mild COPD subgroup, people with a diagnosis had a higher mean baseline MRC (table 2) and were more
likely to report MRC2 versus 1 (OR (95% CI) 3.27 (1.71-6.23)), and both a higher CAT score (B (95% CI)
3.29 (2.01-4.57)) and higher SGRQ score (B (95% CI) 7.23 (4.33-10.12)) (figures 3 and 4).

Dyspnoea and HRQoL by exacerbation history

Of the 659 people with COPD, V3 follow up data was available for 467 people at the time of analysis (see
the Supplementary material). People with COPD who had exacerbations in the 12 months preceding V3
reported higher mean MRC at V3 than people who had not experienced an exacerbation (figure 5c).
People who experienced >2 exacerbations were more likely to report MRC2 versus 1 (OR (95% CI) 2.49
(1.12-5.56)), MRC>3 versus 1 (OR (95% CI) 5.30 (1.41-19.92)) and worse HRQoL (CAT; B (95% CI)
2.79 (0.82-4.76); SGRQ; B (95% CI) 12.21 (7.98-16.44)) than people who had not experienced an
exacerbation (figures 3 and 4). People who experienced one exacerbation in the preceding 12 months
were more likely to report MRC>3 versus 1 (OR (95% CI) 4.76 (1.85-12.26)) and worse HRQoL (CAT; B
(95% CI) 2.85 (1.39-4.32); SGRQ; B (95% CI): 8.55 (5.38-11.72)) than those with no exacerbations
(figures 3 and 4).

Of the people with mild COPD, 19.5% experienced >1 exacerbation in the previous 12 months. People
with mild COPD who experienced >2 exacerbations in the previous 12 months were more likely to report
MRC2 versus 1 (OR (95% CI) 3.62 (1.02-12.86)), MRC>3 versus 1 (OR (95% CI) 12.11 (1.30-112.93)),
and higher SGRQ score (B (95% CI) 10.61 (4.54-16.68)) than people who had not experienced an
exacerbation. No statistically significant difference was seen in the CAT score between people with
mild-COPD who reported >2 exacerbations versus 0 exacerbations. People with mild COPD who
experienced 1 exacerbation in the previous 12 months were more likely to report MRC>3 versus 1 (OR
(95% CI) 9.24 (2.01-42.42)) and worse HRQoL (CAT; B (95% CI) 2.15 (0.23-4.06); SGRQ; B (95% CI)
6.67 (2.61-10.73)) than those with no exacerbations (figures 3 and 4, table 2).

Discussion

CanCOLD is the first observational cohort study to compare dyspnoea and HRQoL in people with mild
COPD versus people without COPD from a large non-clinical population. Interestingly, it reveals that
individuals with mild COPD were more likely to report clinically significant dyspnoea (MRC2 versus 1)
and worse HRQoL than those without COPD, particularly never-smokers, confirming that symptoms can
be significant even in mild COPD. Among people with mild COPD, more severe dyspnoea and worse
HRQoL were reported by women, people with physician-diagnosed COPD, and people with recent
exacerbation(s). These findings were independent of age, body mass index, smoking history, respiratory
medication use and comorbidities, including asthma. These results are unique and extend our knowledge
on the prevalence and severity of dyspnoea and impaired HRQoL beyond patients with moderate-to-very
severe COPD recruited from clinical settings to people with mild COPD recruited from the
general-population.
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a)
Overall (n=1443) Adjusted OR (95% Cl) p-value
COPD (n=659) versus non-COPD (n=784) 1.83 (1.42-2.37) <0.001 L 4
Mild COPD (n=397) versus non-COPD (n=784) 1.42 (1.05-1.91) 0.022 (@&
Mild COPD (n=397) versus never-smokers (n=335) 1.64 (1.07-2.52) 0.023 |~
Mild COPD (n=397) versus smokers (n=449) 1.35(0.98-1.88) 0.070
Smokers (n=449) versus never-smokers (n=335) 1.04 (0.69-1.57) 0.862 r
COPD (=659
Women (n=255) versus men (n=404) 3.12 (2.14-4.55) <0.001 ——
Diagnosed (n=163) versus undiagnosed (n=496) 2.64 (1.71-4.08) <0.001 —
1 exacerbation (n=74) versus 0 exacerbation (n=355) 1.23 (0.65-2.30) 0528 H@H
>2 exacerbations (n=38) versus 0 exacerbation (n=355)  2.49 (1.12-5.56) 0.026 o
Mild COPD (GOLD 1) (n=397)%
Women (n=138) versus men (n=259) 3.70 (2.23-6.14) <0.001 ——
Diagnosed (n=66) versus undiagnosed (n=331) 3.27 (1.71-6.23) <0.001 ——
1 exacerbation (n=39) versus 0 exacerbation (n=227) 0.81(0.31-2.11) 0.664 @
»2 exacerbations (n=16) versus 0 exacerbation (n=227) 3.62 (1.02-12.86) 0.047 ——————
Moderate COPD (GOLD 2) (n=262% |
Women [n=117) versus men (n=145) 2.28 (1.26-4.12) 0.006 ——
Diagnosed (n=97) versus undiagnosed (n=165) 1.93 (1.04-3.55) 0.036 o—
1 exacerbation (n=35) versus 0 exacerbation (n=128) 1.82 (0.74-4.47) 0.191  He—
>2 exacerbations (n=22) versus 0 exacerbation (n=128)  1.91(0.67-5.49) 0229 HO—
[I] 5I 1IU 1I5 ZIU 2I5
b) Adjusted OR (95% Cl) for MRC 2 versus MRC 1
Overall (n=1443) Adjusted OR (95% Cl) p-value
COPD (n=659) versus non-COPD (n=784) 2.65 (1.55-4.51) <0.001 —o—
Mild COPD (n=397) versus non-COPD (n=784) 1.26 (0.62-2.54) 0522
Mild COPD (n=397) versus never-smokers (n=335) 1.60 (0.58-4.41) 0361 +HO—
Mild COPD (n=397) versus smokers (n=449) 1.14 (0.54-2.44) 0.728
Smokers (n=449) versus never-smokers (n=335) 1.40 (0.55-3.53) 0.481
COPD (=659
Women (n=255) versus men (n=404) 4.50(2.27-8.92) <0.001 —
Diagnosed (n=163) versus undiagnosed (n=496) 5.01(2.40-10.45) <0.001 ——
1 exacerbation (n=74) versus 0 exacerbation (n=355)  4.76 (1.85-12.26) 0.001 L 4
>2 exacerbations (n=38) versus 0 exacerbation (n=355) 5.30 (1.41-19.92) 0.014 L 2
Mild COPD (GOLD 1) (n=397)%
Women (n=138) versus men (n=259) 5.56 (1.74-17.79) 0.004 *
Diagnosed [n=66) versus undiagnosed (n=331) 2.47(0.56-10.86) 0231 H——mmm
1 exacerbation (n=39) versus 0 exacerbation (n=227) 9.24(2.01-42.42) 0.004 < »42.42
>2 exacerbations (n=16) versus 0 exacerbation (n=227) 12.11 (1.30-112.93) 0.029 < »112.93
Moderate COPD (GOLD 2) (n=262% |
Women (n=117) versus men (n=145) 3.19 (1.29-7.86) 0.012 —
Diagnosed [n=97) versus undiagnosed (n=165) 4.45(1.75-11.36) 0.002 —————
1 exacerbation (n=35) versus 0 exacerbation (n=128)  3.37 (0.92-12.33) 0.066 +H—————
»2 exacerbations (n=22) versus 0 exacerbation (n=128) 2.43 (0.45-13.14) 0303 4@
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FIGURE 3 0Odds ratios of dyspnoea severity for: a] MRC 2 versus MRC 1 and b
comparisons by sex and physician diagnosis of COPD, and at Visit 3 for compa

Adjusted OR (95% Cl) for MRC >3 versus MRC 1

] MRC >3 versus MRC 1. MRC was measured at baseline for
risons by exacerbation history. #: For analysis by exacerbation

status, n were as follows: COPD: n=467; mild-COPD (GOLD 1): n=282; moderate-COPD (GOLD 2): n=185. Adjusted OR were obtained by performing

multivariate multinomial logistic regression models, adjusted for sex, age, B

MI, smoking history, cardiovascular comorbidities, and other

respiratory comorbidities. For women versus men comparisons, sex was not included as a covariate. For smokers versus never-smokers, smoking
history was not included as a covariate. To estimate the association between exacerbations and MRC, exacerbations were observed in preceding
12 months at Visit 3. BMI: body mass index; COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative for Chronic Obstructive Lung

Disease; MRC: Medical Research Council.
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Overall (n=1443)
COPD (n=659) versus non-COPD (n=784)

Mild COPD (n=397) versus non-COPD (n=784)

Mild COPD (n=397) versus never-smokers (n=335)

Mild COPD (n=397) versus smokers (n=449)

Smokers (n=449) versus never-smokers (n=335)

COPD (n=659)#
Women (n=255) versus men (n=404)

Diagnosed (n=163) versus undiagnosed (n=496)
1 exacerbation (n=74) versus 0 exacerbation (n=355)

>2 exacerbations (n=38) versus 0 exacerbation (n=355)

Mild COPD (GOLD 1) (n=397)#
Women (n=138) versus men (n=259)

Diagnosed (n=66) versus undiagnosed (n=331)

1 exacerbation (n=39) versus 0 exacerbation (n=227)

Adjusted B (95% CI)

1.06 (0.48-1.64)

-0.10 (-0.71-0.50)
-0.06 (-0.83-0.72)
-0.02 (-0.72-0.69)
-0.60 (-1.42-0.23)

2.25(1.33-3.18)
4.78 (3.76-5.80)
2.85(1.39-4.32)
2.79 (0.82-4.76)

1.40 (0.39-2.40)
3.29 (2.01-4.57)
2.15(0.23-4.06)

»2 exacerbations (n=16) versus 0 exacerbation (n=227) 2.71(-0.20-5.62)

Moderate COPD (GOLD 2) (n=262)#
Women (n=117) versus men (n=145)

Diagnosed (n=97) versus undiagnosed (n=165)

1 exacerbation (n=35) versus 0 exacerbation (n=128)

2.66(0.98-4.34)
5.12 (3.49-6.75)
3.63(1.32-5.94)

»2 exacerbations [n=22) versus 0 exacerbation (n=128) 2.50 (-0.33-5.33)

b)
Overall (n=1443)
COPD (n=659) versus non-COPD (n=784)

Mild COPD (n=397) versus non-COPD (n=784)

Mild COPD (n=397) versus never-smokers (n=335)

Mild COPD (n=397) versus smokers (n=449)

Smokers (n=449) versus never-smokers (n=335)

COPD (n=659)#
Women (n=255) versus men (n=404)

Diagnosed (n=163] versus undiagnosed (n=496)

1 exacerbation (n=74) versus 0 exacerbation (n=355)

Mild COPD (GOLD 1) (n=397)#
Women (n=138) versus men (n=259)

Diagnosed (n=66] versus undiagnosed (n=331)

1 exacerbation (n=39) versus 0 exacerbation (n=227)
»2 exacerbations (n=16) versus 0 exacerbation (n=227) 10.61 (4.54-16.68)

Moderate COPD (GOLD 2) (n=262)#
Women (n=117) versus men (n=145)

Diagnosed (n=97] versus undiagnosed (n=165)

1 exacerbation (n=35) versus 0 exacerbation (n=128)

Adjusted B* (95% Cl)

4.34 (2.84-5.84)

1.06 (-0.44-2.57)
1.09 (-1.80-3.99)
1.13 (-0.44-2.71)
-0.77 (-3.76-2.22)

5.55 (3.43-7.66)

10.08 (7.74-12.42)
8.55(5.38-11.72)
>2 exacerbations (n=38) versus 0 exacerbation (n=355) 12.21 (7.98-16.44)

3.88 (1.60-6.15)

7.23 (4.33-10.12)
6.67 (2.61-10.73)

2.55(0.90-7.21)

3.99(1.28-12.48)
2.97 (0.66-13.32)

>2 exacerbations (n=22) versus 0 exacerbation (n=128) 2.24 (0.35-14.26)

p-value
<0.001

0.741
0.884
0.963
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p-value
<0.001

0.166
0.459
0.158

0 5 10 15
Adjusted B (95% Cl) for CAT

,.’4

——

0 5 10 15
Adjusted B (95% Cl) for SGRQ

FIGURE 4 Adjusted B of health-related quality of life for: a] CAT and b] SGRQ. CAT and SGRQ were measured at baseline for comparisons by sex
and physician diagnosis of COPD, and at Visit 3 for comparisons by exacerbation history. #: For analysis by exacerbation status, n were as follows:
COPD: n=467; mild-COPD (GOLD 1): n=282; moderate-COPD (GOLD 2): n=185. Adjusted B were obtained by performing multivariate linear
regression models, adjusted for sex, age, BMI, smoking history, cardiovascular comorbidities and other respiratory comorbidities. For women
versus men comparisons, sex was not included as a covariate. For smokers versus never-smokers, smoking history was not included as a
covariate. To estimate the association between exacerbations and CAT or SGRQ, exacerbations were observed in preceding 12 months at Visit
3. BMI: body mass index; CAT: COPD Assessment Test; COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative for Chronic
Obstructive Lung Disease; SGRQ: St George’s Respiratory Questionnaire.
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FIGURE 5 Dyspnoea severity for people with COPD by: a) sex, b) the presence of a physician diagnosis of COPD, and c) exacerbation frequency.
MRC was measured at baseline for comparisons by sex and physician diagnosis of COPD, and at Visit 3 for comparisons by exacerbation history.
Values above the bars represent the mean+so MRC dyspnoea scores for each group. #: Significantly different (p<0.001). p-values were obtained by
performing Chi-squared or Fisher’s exact test for category variables. For continuous variables, p-values were obtained by t-test (normal
distribution) or Mann-Whitney U-test (not normal distribution) for sex and physician diagnosis subgroups. ANOVA (normal distribution) or
Kruskal-Wallis test (not normal distribution) were performed for exacerbation subgroups. Analysis of variance subgroup comparisons of mean+sp
differences by sex, presence of a physician diagnosis of COPD, and exacerbation frequency were all significant (p<0.001). COPD: chronic
obstructive pulmonary disease; MRC: Medical Research Council.

Few studies have focussed solely on mild COPD [1, 10]. A large observational study using
general-practitioner data reported that of 7359 people with GOLD1 COPD, 28.0% had MRC1, 40.5% had
MRC2 and 31.5% had MRC>3 [1]. Furthermore, in a study across 56 primary-care and specialty centres,
>50% of people with GOLD1 COPD reported dyspnoea of modified MRC (mMRC)>2 (equivalent to
MRC2>3) [10]. In contrast, people with GOLD1 COPD in our study reported predominantly MRCl
(65.0%), with 31.5% and 3.5% reporting MRC2 and MRC2>3, respectively. Also, a study of people with
GOLD2 COPD recruited from outpatient-clinics reported a mean mMRC of 1.3 (equivalent to mean MRC
of 2.3) [29]. By comparison, people with GOLD?2 in our study reported a slightly lower mean MRC of 1.7.
These variations in dyspnoea severity may be because earlier studies recruited from clinical settings and
included participants with physician-diagnosed COPD. Neither did they include direct comparisons to
controls without COPD. Conversely, our cohort was a random sample from the general-population and
included people with COPD confirmed by post-bronchodilator spirometry, and many who never received
a physician-diagnosis [1, 10]. Accordingly, we observed that people reporting a physician-diagnosis of
COPD prior to their participation in CanCOLD had more dyspnoea and worse HRQoL than people with
COPD without a prior physician-diagnosis. Our study is unique in that it demonstrates that dyspnoea can
be clinically relevant even in people with mild COPD, and that HRQoL is worse among people with
mild-moderate COPD, recruited from the general population. However, when comparing individuals with
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FIGURE 6 Health-related quality of life severity for people with COPD by: a) and b sex, cJ and d) the presence of a physician diagnosis of COPD,
and e) and f) exacerbation frequency. CAT and SGRQ were measured at baseline for comparisons by sex and physician diagnosis of COPD, and at
Visit 3 for comparisons by exacerbation history. Error bars represent interquartile range. p-values were obtained by t-test (normal distribution) or
Mann-Whitney U-test (not normal distribution) for sex and physician diagnosis subgroups. ANOVA (normal distribution) or Kruskal-Wallis test (not
normal distribution) were performed for exacerbation subgroups. Analysis of variance subgroup comparisons of median (interquartile range)
differences by sex, presence of a physician diagnosis of COPD, and exacerbation frequency were all significant (p<0.05). CAT: COPD Assessment
Test; COPD: chronic obstructive pulmonary disease; HRQoL: health-related quality of life; SGRQ: St George’s Respiratory Questionnaire.

mild COPD to those without COPD, no statistically significant difference in HRQoL measures were found.
It is possible that people with mild COPD may not recognise their dyspnoea but modify their levels of
physical activity to avoid this distressing symptom, and consequently do not notice a change in their
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TABLE 2 Dyspnoea severity and health related quality of life by sex, COPD physician diagnosis status, and exacerbation

frequency for people with mild (GOLD 1) or moderate (GOLD 2) COPD

Subjects n MRC MRC 1 MRC 2 MRC >3 CAT total score SGRQ total score
Dyspnoea and HRQoL by sex
Mild COPD (GOLD 1) 397
Men 259 1.3£0.5 190 (73.4) 63 (24.3) 6(2.3) 4.0 (2.0-7.0) 6.8 (2.3-12.4)
Women 138 1.6+0.6 68 (49.3) 62 (44.9) 8 (5.8) 5.0 (3.0-9.0) 8.0 (2.7-17.1)
p-value <0.001 <0.001 <0.001 0.073 0.049 0.039
Moderate COPD (GOLD 2) 262
Men 145 1.6+0.7 69 (47.6) 61 (42.1) 15 (10.3) 7.0 (4.0-12.5) 14.6 (5.2-28.5)
Women 117 1.9+0.8 40 (34.2) 60 (51.3) 17 (14.5) 9.0 (5.0-15.0) 21.0 (9.3-31.4)
p-value 0.026 0.029 0.137 0.304 0.028 0.023
Dyspnoea and HRQoL by COPD diagnosis
Mild COPD (GOLD 1) 397
Diagnosed COPD 66 1.6+0.6 28 (42.4) 35 (53.0) 3 (4.5) 7.0 (5.0-12.0) 13.9 (7.1-20.0)
Undiagnosed COPD 331 1.3+0.6 230 (69.5) 90 (27.2) 11 (3.3) 4.0 (2.0-7.0) 6.2 (2.0-12.4)
p-value <0.001 <0.001 <0.001 0.712 <0.001 <0.001
Moderate COPD (GOLD 2) 262
Diagnosed COPD 97 2.0+0.8 27 (27.8) 51 (52.6) 19 (19.6) 12.0 (7.0-17.0) 24.9 (14.9-34.9)
Undiagnosed COPD 165 1.6+0.7 82 (49.7) 70 (42.4) 13 (7.9) 6.0 (3.0-10.0) 11.7 (4.5-25.2)
p-value <0.001 <0.001 0.111 0.005 <0.001 <0.001
Dyspnoea and HRQoL by exacerbation frequency*
Mild COPD (GOLD 1) 282
0 227 1.3£0.5 163 (71.8) 59 (26.0) 5(2.2) 4.0 (2.0-7.0) 5.1 (1.6-12.3)
1 39 1.6+0.8 23 (59.0) 9 (23.1) 7(17.9) 7.0 (3.0-11.0) 12.6 (6.8-21.5)
>2 16 1.8+0.7 6 (37.5) 8 (50.0) 2(12.5) 8.5 (3.5-15.0) 20.7 (8.4-35.6)
Overall p-value 0.002 0.007 0.094 <0.001 <0.001 <0.001
Moderate COPD (GOLD 2) 185
0 128 1.5£0.6 75 (58.6) 44 (34.4) 9 (7.0) 6.5 (3.0-11.0) 11.5 (3.6-24.3)
1 85 1.9+0.8 13 (37.1) 15 (42.9) 7 (20.0) 11.0 (6.0-17.0) 24.0 (15.3-35.4)
>2 22 1.8+0.7 8 (36.4) 11 (50.0) 3(13.6) 9.5 (5.0-18.0) 32.5(12.5-42.8)
Overall p-value <0.011 0.024 0.300 0.066 0.002 <0.001

Data are presented as n, meanzsp, median (interquartile range) or n (%), unless otherwise stated. CAT: COPD Assessment Test; COPD: chronic
obstructive pulmonary disease; GOLD: Global Initiative for Chronic Obstructive Lung Disease; HRQoL: health-related quality of life; MRC:
Medical Research Council; SGRQ: St George's Respiratory Questionnaire. MRC was measured at baseline for comparisons by sex and
physician diagnosis of COPD, and at Visit 3 for comparisons by exacerbation history. #. Number of exacerbations in the 12 months preceding
Visit 3. p-values were obtained by performing Chi-squared or Fisher's exact test for category variables, and t-test (normal distribution) or
Mann Whitney U test (not normal distribution) for continuous variables. Bold indicates statistical significance.

HRQoL [30, 31]. Indeed, people with mild-moderate COPD have reported abnormally low daily step rates
and physical activity compared with healthy controls [32]. The results of our study suggest that dyspnoea
is a feature of people with mild-COPD even in a population-based cohort, and that they can be identified
provided they are carefully questioned about their level of dyspnoea using the MRC scale. Failure to
identify dyspnoea in people with undiagnosed mild COPD may contribute to delayed diagnosis and
treatment initiation. To overcome this, there is a need to implement standardised methods to measure
exertional dyspnoea in people at risk of COPD [30, 31].

We also demonstrated that women with mild COPD reported greater dyspnoea and worse HRQoL. This is
consistent with previous population-based studies which found that women had more severe dyspnoea
and exacerbations than men, despite similar airflow limitation [16, 33]. These discrepancies may be
attributed to societal and/or biological factors [34]. For example, women with COPD are more likely to
utilise healthcare resources [14]. Women tend to have smaller lungs, narrower airways [17, 34, 35], greater
airway hyperresponsiveness [16] and exhibit different smoking patterns and metabolism of cigarette-smoke
[16, 17, 34]. One study demonstrated that dyspnoea was higher for a given ventilation and power output
during exercise testing in women than men with mild COPD [36]. However, the differences were no
longer seen when power output was adjusted for body mass and ventilation was adjusted for maximum
voluntary ventilation, indicating that differences in body size and lung volume contribute importantly to
the sex disparity in dyspnoea [36]. Indeed, Exstrom and colleagues [37, 38] demonstrated that higher
prevalence and severity of dyspnoea among women in the general-population is related to smaller absolute
lung volumes. Therefore, mild COPD may have greater symptomatic consequences in women because of
biologically lower maximal ventilatory capacity.
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People with COPD who had experienced exacerbations during the previous year reported more dyspnoea
and worse HRQoL than those who did not. Our study found that 19.5% of people with mild COPD
experienced exacerbations, in keeping with the “exacerbation-susceptible” phenotype identified within the
ECLIPSE (Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points) study [39].
Additionally, given that MRC dyspnoea score correlates with exacerbation frequency [39], these findings
may indicate that identifying dyspnoeic individuals with mild COPD could allow for the recognition of the
“exacerbation-susceptibility” phenotype earlier in the course of COPD and for earlier interventions to
reduce exacerbations, healthcare utilisation, and, potentially, alter disease progression. Our findings need
not imply a causal relationship. Exacerbations are patient-defined events, and it is plausible that
individuals with heightened perception of somatic sensations, particularly respiratory sensations,
experience more exacerbations

The major strength of our study is that participants were randomly sampled from a non-clinical
population. This provides a unique insight early in the COPD disease course, even prior to diagnosis. This
is the only study to directly compare dyspnoea and HRQoL among people with mild COPD with those
without COPD, identifying significant symptom burden in mild COPD. In addition, as this study included
people with mild COPD, these results may be more relevant to primary care practices than previous
studies [1, 10, 29]. TaN et al. [9] estimated that 16.7% of Canadian adults aged >40 years had COPD
(defined as FEV;/FVC<0.7) according to post-bronchodilator spirometry, with approximately 53% of these
people being classified to have mild (GOLD1) COPD. Another advantage of CanCOLD is that it used the
same sampling methodology for prevalence assessment as the multinational Burden of Obstructive Lung
Disease study, which was conducted across 12 sites worldwide [40], thereby allowing cautious
extrapolation of our findings to other countries.

This study has its limitations. Dyspnoea is a complex symptom that manifests in three domains: symptom
impact, sensory perception and affective distress [41]. In our study, only symptom impact was measured.
Nonetheless, these domains are intrinsically linked, with dyspnoea symptoms able to induce secondary
responses in sensory and affective dimensions [42]. In people with chronic dyspnoea, higher perceived
severity of breathlessness and its unpleasantness is associated with worse perceived HRQoL [43]. Although
our findings demonstrated that people with mild COPD are more dyspnoeic than those without COPD,
particularly never-smokers, this was based on MRC2 versus 1 only and was not maintained for MRC>3
versus 1. This reflects the fact that only a few people with mild COPD or without COPD reported
MRC>3. Therefore, meaningful conclusions cannot be drawn when comparing MRC>3 versus 1 for these
subgroups. Also, by using a fixed post-bronchodilator FEV;/FVC ratio of <0.7 to diagnose COPD, instead
of the lower limit of normal FEV,/FVC [44], there could have been some overdiagnosis of COPD in older
people; however, a recent study by BHATT et al. [45] supports use of the fixed threshold to identify
individuals at risk of clinically significant COPD. The pathophysiological mechanisms underlying the
observed differences in the prevalence and severity of dyspnoea in people with compared to without mild
COPD were not explored in this study. However, based on physiological studies in symptomatic adults
with diagnosed mild COPD recruited from clinical settings [46, 47], it is reasonable to hypothesise that
these observed between-group differences reflect abnormalities in pulmonary microvasculature, small
airways, pulmonary gas exchange and/or lung volume dynamics in people with mild COPD. We also
cannot exclude the possibility that reports of greater dyspnoea are the consequence of diagnostic labelling.
Additionally, given the large Caucasian representation in CanCOLD, our results may not be generalisable
to non-Caucasian populations.

In conclusion, our findings provide new, important information that aid healthcare professionals who see
people at risk of developing COPD and people with mild COPD. Specifically, our findings highlight the
importance of carefully questioning people at risk of COPD about dyspnoea or any impairment of HRQoL
for earlier identification of individuals with mild COPD. Nonetheless, questions remain regarding
exertional dyspnoea in mild COPD, and more sensitive, comprehensive means to assess people with mild
COPD with clinically significant symptoms are required. Furthermore, our study highlights the need to
develop a more detailed understanding of the mechanisms of dyspnoea in women and among people who
exacerbate frequently in order to facilitate more targeted identification, diagnosis, and treatment initiation.
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