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Original Research

Background: The relationship between symptom burden and physical activity (PA) in chronic obstructive pulmonary disease (COPD) 
remains poorly understood with limited data on undiagnosed individuals and those with mild to moderate disease. 

Objective: The primary objective was to evaluate the relationship between symptom burden and moderate-to-vigorous intensity PA 
(MVPA) in individuals from a random population-based sampling mirroring the population at large.

Methods: Baseline participants of the Canadian Cohort Obstructive Lung Disease (n=1558) were selected for this cross-sectional 
sub-study. Participants with mild COPD (n=406) and moderate COPD (n=331), healthy individuals (n=347), and those at risk of 
developing COPD (n=474) were included. The Community Healthy Activities Model Program for Seniors (CHAMPS) questionnaire 
was used to estimate MVPA in terms of energy expenditure. High symptom burden was classified using the COPD Assessment Test 
([CAT]≥10).

Results: Significant associations were demonstrated between high symptom burden and lower MVPA levels in the overall COPD 
sample (β=-717.09; 95% confidence interval [CI]=-1079.78, -354.40; p<0.001) and in the moderate COPD subgroup (β=-694.1; 
95% CI=-1206.54, -181.66; p=0.006). A total of 72% of the participants with COPD were previously undiagnosed. The undiagnosed 
participants had significantly higher MVPA than those with physician diagnosed COPD (β=-592.41 95% CI=-953.11, -231.71; 
p=0.001).

Conclusion: MVPA was found to be inversely related to symptom burden in a large general population sample that included newly 
diagnosed individuals, most with mild to moderate COPD. Assessment of symptom burden may help identify patients with lower 
MVPA, especially for moderate COPD and for relatively inactive individuals with mild COPD.
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Chronic obstructive pulmonary disease (COPD) is a 
progressive lung disease that is characterized by airflow 
limitation and is accompanied by a high symptom burden 
and mortality rates.1 COPD affected 215 million individuals 
worldwide in 2017 and the incidence is increasing due 
to the continued exposure to smoking- and non-smoking-
related risk factors and the ageing of many populations.2,3 
In Canada, the prevalence of COPD is over half a million 
patients with an estimated equal number of undiagnosed 
individuals.4

The most common symptom of COPD is dyspnea made 
worse by exertion including daily physical activity (PA).2,4-6 
PA levels have been shown to be lower in individuals with 
COPD, although heterogeneity is high.7 Decreased PA in 
individuals with COPD is of concern as it has been shown 
to be associated with lung function decline, increased 
exacerbations, frequent hospital admissions, and most 
importantly, higher mortality.5,6,7 

Studies on determinants of PA in COPD populations 
have provided limited information due to small sample sizes 
and lack of control groups.8 Cross-sectional and longitudinal 
studies of PA in COPD have included, predominantly, 

Introduction

Note: This article has an online supplement

patients with moderate to severe COPD attending outpatient 
clinics. The Canadian Cohort Obstructive Lung Disease 
study (CanCOLD) tracks more than 1500 participants 
and is one of the rare cohorts specific to COPD that has 
recruited its participants from the general population rather 
than more convenient sampling in clinical settings. This has 
the advantage to better mirror the prevalence of COPD 
including those with physician-diagnosed and undiagnosed 
disease.9 Although individuals with undiagnosed COPD may 
be less symptomatic and impaired, even if they experience 
less exacerbations than those with physician-diagnosed 
COPD, overall burden on the health care system can be 
considerable.10,11 Furthermore, from the same CanCOLD 
cohort, it has been demonstrated that individuals with 
mild COPD were more likely to report significant dyspnea 
and worse health-related quality of life than non-COPD 
individuals.11,12

The present study explored the relationship between 
symptom burden and PA in COPD patients followed in the 
CanCOLD study. The primary objective was to investigate 
the relationship between the impact of COPD symptoms on 
moderate-to-vigorous intensity PA (MVPA) in individuals 
with mild to moderate COPD from a random sampling 
that mirrors the COPD population at large. The secondary 
objectives were: (1) to investigate MVPA in individuals with 
physician-diagnosed mild to moderate COPD compared to 
those with undiagnosed COPD, and (2) to assess factors that 
are associated with MVPA in people with mild to moderate 
COPD compared to those without COPD. We hypothesized 
that individuals sampled from the general population with 
mild to moderate COPD having significant symptom burden 
accounted by the COPD Assessment Test (CAT) would have 
lower levels of MVPA than those with low symptom burden.

This study was a cross-sectional sub-study embedded in the 
CanCOLD study, an ongoing prospective cohort study across 
9 study sites in Canada with general population sampling. 
Full details on this cohort study design can be found in a 
previously published report.13 

Population

The study population of the CanCOLD cohort consists of 
non-institutionalized adults above the age of 40 recruited 
in 9 Canadian cities. COPD diagnosis and severity were 
determined by post-bronchodilator spirometry according to 
the Global initiative for chronic Obstructive Lung Disease 
(GOLD)2 and divided into 4 sub-groups: (1) healthy individuals 
(never-smokers and normal spirometry; n=347), (2) individuals 
at-risk for COPD (ever-smokers and normal spirometry; 
n=474), (3) GOLD 1 or mild COPD (n=406), and (4) GOLD 
2 or moderate COPD (n=287). Individuals in group GOLD 

Materials
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3 and GOLD 4 or severe COPD (n=44) were not included 
due to the small sample size and because the emphasis of 
our study was on mild to moderate disease. Individuals with 
spirometrically-defined COPD who reported having received 
a previous physician diagnosis of COPD, chronic bronchitis, 
or emphysema on entering the CanCOLD study were 
identified as “diagnosed,” and those with spirometrically-
defined COPD, who reported not having a previous physician 
diagnosis of COPD before entry in the CanCOLD study, were 
identified as having “undiagnosed” COPD. 

All demographic variables, clinical characteristics, 
outcomes, and other factors analyzed in this cross-sectional 
sub-study were provided by the CanCOLD group in February 
2020. Data analyzed in this sub-study were collected during 
baseline CanCOLD on-site visits between 2009-2015. 
Demographics (age, body mass index, sex, marital status, 
working status, and smoking habits) and clinical data such as 
symptom burden, past exacerbation habits, diagnosis status, 
comorbidities, and respiratory medication were collected 
using a questionnaire. Perceived respiratory disability 
was collected by the McGill COPD questionnaire for both 
COPD groups and the at-risk group. It was not required for 
participants from the healthy group. However, if  they did 
agree to fill out the questionnaire, the data was saved in our 
database. Pulmonary function and exercise capacity were 
measured according to standard pulmonary function testing 
(PFT) and cardiopulmonary exercise testing (CPET) methods, 
respectively. The Canadian Active Living Environment (Can-
ALE) index walkability dataset was provided by the Canadian 
Urban Environmental Health Research Consortium14 and 
linked to 6-digit residential postal codes of CanCOLD 
participants. Can-ALE index is a composite score of different 
factors associated with walking rates such as intersection 
density, dwelling density, and points of interest.15

Physical Activity and Symptom Burden

The primary outcome was MVPA expressed in energy 
expenditure (kcal/week). This was estimated by the 
Community Healthy Activities Model Program for Seniors 
(CHAMPS) questionnaire.16,17 The CHAMPS is a reliable and 
valid questionnaire to estimate PA in people with COPD.16,17 
It consists of 40 items of which 28 items assess weekly 
frequency and duration of different physical activities. 
Caloric expenditure associated with these physical activities 
are then calculated.16 This caloric or energy expenditure 
is calculated by a combination of the duration of an 
activity with the load of that activity, and therefore, a more 
comprehensive estimation than frequency of PA. Stewart et 
al tested known-groups validity and recognized 3 physical 
activity levels: initially sedentary (mean energy expenditure 
1057[SE149]), somewhat active (mean 1136 [SE125]), and 
already active (2328[SE181]).18 Data on frequency and 
duration of MVPA are presented in the online supplement.

Symptom burden was measured using the CAT. 
Symptom burden was classified categorically by the cut-
off points (CAT: low <10, high≥10) consistent with the 
original recommendations and the GOLD reports for clinical 
practice.2,19

Other possible factors included forced expiratory 
volume in 1 second (FEV1), exercise capacity (peakVO2), 
season (winter, spring, summer, autumn), past exercise 
habits (>3/week, ≤3/week, ≤1–3/month, no exercise), and 
walkability. For walkability, living areas were mapped for 
active living environment (ALE) and linked to participants 
by postal code.14 ALE-Class represents the intersection 
density, dwelling density, and points of interest. ALE-Transit 
class includes transit points for the greater cities as well. 
Both ALE outcomes are scored from 1 to 5, with a higher 
ALE value representing a more favorable environment for 
active living.14 

Statistical Analysis 

Descriptive statistics report on demographic variables and 
other characteristics, using means ±SD or percentages, 
as appropriate, for the total study population and for the 
sub-groups separately. Normative values of MVPA by the 
CHAMPS within the CanCOLD cohort were calculated based 
on the results in the CanCOLD healthy controls based on the 
following exclusions: (1) cigarette smoking history of ≥5 
pack years, (2) spirometry with a fixed ratio of FEV1 to forced 
vital capacity (FVC)<0.7 and less than lower limit predicted 
criteria, (3) self-reported chronic bronchitis, COPD, 
diabetes, angina, or myocardial infarction (participants 
who self-reported systemic hypertension with no other 
cardiovascular disease were not excluded), and (4) one 
or more non-ambulatory functional status attributed to 
comorbidities that limit the mobility of the individual such 
as musculoskeletal comorbidities, neurological conditions, 
or nonspecific chronic pain. Complete case analysis was 
performed as missing values were below 2%. Missing data 
are reported per characteristic. 

To investigate the relationship between symptom 
burden and MVPA, descriptive statistics produced the 
distribution of PA levels in all participants with COPD 
according to low and high symptom burden groups (CAT: 
low <10, high≥10). MVPA energy expenditure for both high 
and low symptom burden was reported for the total COPD 
population and separated by subsets of GOLD 1 and GOLD 
2. The difference in MVPA was tested using general linear 
models (GLM). For the association of symptom burden with 
MVPA, parameter estimates, and 95% confidence intervals 
(CI) were generated, adjusted for age, sex, body mass index 
(BMI), smoking status, and musculoskeletal disorders. In 
addition, MVPA was reported according to diagnosis status 
for the total COPD study population and separate for GOLD 
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Data from 1514 participants were included in this sub-
study. Characteristics of the study population are shown 
in Table 1. Less than 20% of the GOLD 1 and 40% of the 
GOLD 2 individuals had a physician diagnosis of COPD 
before enrolling in the CanCOLD study. High symptom 
burden (CAT: high≥10) was reported in about 40% of 
the GOLD 2 individuals, 2 times more than any of the 3 
sub-groups. Musculoskeletal diseases, such as osteoporosis 
and connective tissue diseases, were the most common 
comorbidities across all groups, followed by hypertension, 
cataracts, and any cardiovascular disease (CVD). 

Physical Activity Levels

MVPA outcomes of the CHAMPS questionnaire in energy 
expenditure for the 4 sub-groups are shown in Figure 1. 
Normative values of MVPA by CHAMPS within the CanCOLD 
cohort and the outcomes of duration and frequency for 
MVPA are shown in Figure 1 and in Table S-I and Table S-II 
in the online supplement. 

Symptom Burden and Physical Activity 

Figure 2 shows MVPA categorized by high and low symptom 
burden. Of all participants with COPD, 32% had a high 
symptom burden according to the CAT (≥10). When 
considering all participants with COPD, mean MVPA was 
significantly lower for those with a high symptom burden. 
When considering the sub-groups of COPD participants 
(GOLD 1 and GOLD 2), MVPA was lower in the participants 
of the high symptom burden group compared to those of 
the low symptom burden group. However, for both group 
GOLD 1 and GOLD 2, associations lacked in statistical 
power (Figure 2). Data on duration and frequency of MVPA 
are shown in Table S-III in the online supplement. 

We found a negative association between symptom 
burden and MVPA, for the participants in the whole group 
with COPD after adjusting for age, sex, BMI, smoking status, 
and any musculoskeletal disorders (Table 2). Within COPD 
sub-groups, there was no statistically significant association 
between symptom burden and MVPA for the GOLD 1 sub-

Results

group. 

Diagnostic Status and Physical Activity 

Of the total group of participants with COPD, 72% 
were undiagnosed before entering the study. Within the 
diagnosed group 67.2% used respiratory medication; for 
the undiagnosed group this was 22.5%. Participants in the 
undiagnosed group had significantly higher MVPA than 
those of the diagnosed group (Figure 3) when considering all 
COPD groups. This corresponded with the other outcomes 
of the CHAMPS, frequency and duration (Table SIV in 
the online supplement). There was a significant negative 
association between being diagnosed and experiencing 
lower MVPA in the group with all COPD (Table 3). This 
association is attributed mostly to the GOLD 2 sub-group 
as MVPA was significantly different between diagnosed and 
undiagnosed in this sub-group (Figure 3). For the GOLD 
1 sub-group, there was no association between diagnostic 
status and MVPA. 

Other Factors Associated with Moderate-to-
Vigorous Intensity Physical Activity in People 
With and Without COPD

For the participants of all COPD groups, the continuous 
score for symptom burden measured by the CAT showed 
significant negative associations with MVPA (Table 4). 
Other factors that were significantly associated with MVPA 
in the final model were FEV1, winter, autumn, and past 
exercise habits. The latter showed high β-coefficients and a 
significant relationship with all MVPA outcomes Table SVI 
in the online supplement).

Symptom burden and winter showed high to modest 
β-coefficients for the MVPA. ALE-Class showed negative non-
sequential β-coefficients for every higher value (representing 
a more favorable environment for active living) on the 
5-point scale: higher walkability showed an association 
to lower MVPA. Past exercise habits and exercise capacity 
were shown to be significantly associated with MVPA for 
the non-COPD group with high β-coefficients, of which 
exercise capacity was not included in the multivariate model 
for participants with COPD due to high correlation with 
symptom burden by the CAT.

1 and GOLD 2. Differences and associations were tested by 
GLM according to the same methods. 

To explore other potential factors associated with 
MVPA, multivariate analyses with a stepwise approach was 
used. All variables explored in the univariate analyses with 
p<0.05 were considered as continuous variables in the 
multivariate model, with age, sex, smoking status, and BMI 
included as covariates in all models. SAS software version 
9.4 was used (SAS Institute) for all data analyses. 

The data from this study showed that the group of individuals 
with high COPD symptom burden was negatively associated 
with MVPA including those with mild disease. In addition, 
we demonstrated that undiagnosed COPD participants from 
the GOLD 2 sub-group were significantly more active than 
those who had physician-diagnosed COPD. Finally, the other 
most important factors that were indicative of a lower MVPA 

Discussion
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Demographics
 Age, in year
 Sex, male, n (%)
 BMI 
 Married/Partner, n (%)
 Education Levels ≤12 years, n (%)
 Work Status, n (%)
 Retired 
 Paid Jobs
 Disability Insurance
 Unemployed Iinsurance
 Home
 Never Smokers, n (%)
 Former Smokers, n (%)
 Current Smokers, n (%)
 Pack Years, median (Q1, Q3)
Symptoms and Clinical Data
 Chronic Cough, n (%)
 Wheeze, n (%)
 Chronic Bronchitis, n (%)
 mMRC Scales, n (%)
 mMRC1
 mMRC2
 mMRC3+
 CAT Score, median (Q1, Q3) 
 CAT≥ 10, n (%)
 COPD DM, median (Q1, Q3) 
 Physician-Diagnosed COPD
 Exacerbations in the Last Year 
 ≥1 exacerbations n (%)
 ≥2 exacerbations n (%)
Lung Function
 FEV1, L
 FEV1, % predicted
 FEV1/FVC
CPET
 Peak Work Rate, watts, median (Q1, Q3)
 Peak VO2, ml-1×kg-1×min-1, median (Q1, Q3)
Self-Reported Comorbidities, n (%)
 Pneumonia
 Osteoporosis
 Any Musculoskeletala
 Angina
 Hypertension
 Myocardial Infarction
 CVD (any CVD excluding Hypertension)
 Depression
 Cataract
 Glaucoma
 Diabetes
 Asthma
Respiratory Medications, n (%)

Table 1. Patient Characteristics at Baseline According to Study Sub-Groups

 
66.5 ± 10.4
157 (54.7)
28.0 ± 6.1
138 (48.1)
86 (30.1)

 
177 (61.7)
92 (32.1)

7 (2.4)
6 (2.1)
5 (1.7)

63 (22.0)
157 (54.7)
67 (23.3)

25.2 (0.0, 44.0) [4]
 

77 (26.8)
141 (49.1)
75 (26.1)

[25]
109 (41.6)
121 (46.2)
32 (12.2)

8.0 (5.0, 14.0) [1]
122 (42.7) [1]

10.0 (6.0, 18.0) [4]
110 (38.3)

 
30 (10.5)

11 (3.8)
 

1.9 ± 0.6
68.7 ± 8.0
59.0 ± 7.6

 
90.0 (70.0, 120.0) [54]
18.5 (15.1, 22.5) [53]

 
80 (27.9)
36 (12.5)

144 (50.2)
21 (7.3)

120 (41.8)
19 (6.6)

112 (39.0)
24 (8.4)

89 (31.0)
17 (5.9)

36 (12.5)
118 (41.1)
150 (52.3)

GOLD 2
N=287

Healthy
N=347

At-Risk GOLD 1
N=406

 
68.2 ± 9.9
262 (64.5)
27.0 ± 4.5
223 (54.9)
82 (20.2)

[1]
256 (63.2)
124 (30.6)

8 (2.0)
3 (0.7)

14 (3.5)
131 (32.3)
220 (54.2)
55 (13.5)

9.0 (0.0, 32.3) [3]
 

58 (14.3)
106 (26.1)

46 (11.3)
[11]

256 (64.8)
125 (31.6)

14 (3.5)
4.0 (2.0, 8.0) [3]

80 (19.9) [3]
5.5 (3.0, 9.0) [20]

67 (16.5)
 

9 (2.2)
3 (0.7)

 
2.7 ± 0.7

95.6 ± 11.9
64.4 ± 4.7

 
110.0 (80.0, 150.0) [71]

21.5 (17.4, 27.9) [75]
 

71 (17.5)
51 (12.6)

211 (52.0)
10 (2.5)

132 (32.5)
9 (2.2)

106 (26.1)
19 (4.7)

125 (30.8)
25 (6.2)
29 (7.1)

96 (23.6)
85 (20.9)

  
66.4 ± 9.7
157 (45.2)
27.4 ± 5.2
208 (59.9)
50 (14.4)

[1]
209 (60.4) 
120 (34.7)

6 (1.7)
0 (0.0)

11 (3.2)
347 (100.0)

0 (0.0)
0 (0.0)

0.0 (0.0, 0.0)
 

27 (7.8)
51 (14.7)
32 (9.2)

[12]
240 (71.6)
84 (25.1)

11 (3.3)
5.0 (2.0, 8.0) [11]

60 (17.9) [11]
5.0 (2.0, 11.5) N=72

17 (4.9)
 

9 (2.6)
0 (0.0)

 
2.7 ± 0.8

101.3 ± 17.1
77.6 ± 4.7

 
110.0 (80.0, 140.0) [61]

21.2 (15.7, 27.1) [65]
 

58 (16.7)
33 (9.5)

163 (47.0)
14 (4.0)

118 (34.0)
9 (2.6)

98 (28.2)
12 (3.5)

107 (30.8)
15 (4.3)
31 (8.9)

50 (14.4)
32 (9.2)

  
65.7 ± 9.3
276 (58.2)
28.2 ± 5.3
279 (58.9)
100 (21.6)

 
274 (57.8)
170 (35.9)

16 (3.4)
6 (1.3)
8 (1.7)
0 (0.0)

365 (77.0)
109 (23.0)

15.0 (4.0, 30.0) [14]
 

64 (13.5)
106 (22.4)
73 (15.4)

[25]
304 (67.7)
125 (27.8)

20 (4.5)
5.0 (2.0, 8.0) [18]

98 (21.5) [18]
6.0 (3.0, 10.0) [53]

50 (10.5)
 

12 (2.5)
7 (1.5)

 
2.8 ± 0.8

98.9 ± 17.0
76.8 ± 4.5

 
110.0 (80.0, 150.0) [82]

22.1 (17.2, 27.9) [87]
 

74 (15.6)
51 (10.8)

235 (49.6)
22 (4.6)

152 (32.1)
24 (5.1)

126 (26.6)
21 (4.4)

139 (29.3)
21 (4.4)

57 (12.0)
79 (16.7)
57 (12.0)

(continued on next page)
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aAny musculoskeletal diseases in descending order of importance: osteoarthritis, other group of musculoskeletal conditions (e.g., bursitis, fractures, carpal tunnel, back pain, joint replacement), osteoporosis, and connective 
tissue diseases (e.g., psoriasis, rheumatoid arthritis, lupus, etc.).
Data are presented as mean±SD unless otherwise specified; the number of missing values is indicated in square brackets.

GOLD=Global initiative for chronic Obstructive Lung Disease; BMI=body mass index; mMRC=modified Medical Research Council; CAT=COPD Assessment Score; COPD=chronic obstructive pulmonary disease; COPD 
m=McGill COPD-specific module; FEV1=forced expiratory flow in 1 second; FVC=forced vital capacity; VO2=volume oxygen; CPET=cardiopulmonary exercise test; CVD=cardiovascular disease; ALE=active living 
environment; SD=standard deviation

Exercise Habits, n (%)
 No Exercise
 ≤1-3/months 
 ≤ 3/week
 > 3/week
Environmental Factors
 Season at Visit, n (%)
 Winter
 Spring
 Summer
 Autumn
 ALE Index, median (Q1, Q3)
 ALE Class, n (%)
1
2
3
4
5
 Transit Index, median (Q1, Q3)
 Transit Class, n (%)
1
2
3
4
5

 
37 (12.9)
53 (18.5)
55 (19.2)

142 (49.5)
 
 

108 (37.6)
59 (20.6)
65 (22.6)
55 (19.2)

1.9 (0.2, 5.9) [24]
[24]

20 (7.6)
43 (16.3)
70 (26.6)
46 (17.5)
84 (31.9)

2.2 (0.3, 6.9) [24]
[25]

21 (8.0)
56 (21.4)
59 (22.5)
46 (17.6)
80 (30.5)

 
25 (6.2)

48 (11.8)
84 (20.7)

249 (61.3)
 
 

130 (32.0)
71 (17.5)
91 (22.4)

114 (28.1)
2.1 (0.4, 6.2) [45]

[45]
31 (8.6)

65 (18.0)
81 (22.4)
69 (19.1)

115 (31.9)
2.5 (0.3, 7.3) [45]

[46]
33 (9.2)

74 (20.6)
76 (21.1)
64 (17.8)

113 (31.4)

[1]
19 (5.5)

49 (14.2)
77 (22.3)

201 (58.1)
 
 

107 (30.8)
98 (28.2)
77 (22.2)
65 (18.7)

1.4 (0.1, 4.6) [35]
[35]

32 (10.3)
71 (22.8)
84 (26.9)
49 (15.7)
76 (24.4)

1.6 (-0.4, 5.9) [35]
[36]

39 (12.5)
82 (26.4)
72 (23.2)
46 (14.8)
72 (23.2)

[2]
45 (9.5)

64 (13.6)
95 (20.1)

268 (56.8)
 
 

111 (23.4)
134 (28.3)
124 (26.2)
105 (22.2)

2.1 (0.3, 6.1) [35]
[35]

43 (9.8)
77 (17.5)
89 (20.3)
79 (18.0)

151 (34.4)
2.5 (0.1, 7.5) [35]

[37]
50 (11.4)
89 (20.4)
72 (16.5)
83 (19.0)

143 (32.7)
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Figure 1. The Distribution of Moderate-to-Vigorous Intensity Physical Activitya for the Four 
Sub-Groups

aenergy expenditure

GOLD=Global initiative for chronic Obstructive Lung Disease; MVPA=moderate-to-vigorous physical activity
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Figure 2. Mean Moderate-to-Vigorous Intensity Physical Activitya for All Patients With COPD 
and Separate for Global Initiative for Chronic Obstructive Lung Disease 1 and 2—Categorized by 
Symptom Burden by COPD Assessment Test

aenergy expenditure

MVPA=moderate-to-vigorous intensity physical activity; COPD=chronic obstructive pulmonary disease; GOLD=Global initiative for chronic Obstructive Lung Disease; CAT=COPD Assessment Test; BMI=body mass index
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All COPD
Low Symptom Burden (CAT<10) n=499
High Symptom Burden (CAT≥10) n=233
GOLD 1
Low Symptom Burden (CAT<10) n=323
High Symptom Burden (CAT≥10) n=80
GOLD 2 
Low Symptom Burden (CAT<10) n=164
High Symptom Burden (CAT≥10) n=122
All non-COPD
Low Symptom Burden (CAT<10) n=634
High Symptom Burden (CAT≥10) n=158
Heathy
Low Symptom Burden (CAT<10) n=276
High Symptom Burden (CAT≥10) n=60
At Risk
Low Symptom Burden (CAT<10) n=358
High Symptom Burden (CAT≥10) n=98

Table 2. Association Between Symptom Burden and Moderate-to-Vigorous Intensity Physical 
Activity in Participants With and Without COPD

Adjusted β (95% CI)

Reference
-717.09 (-1079.78, -354.40)

Reference
-498.15 (-1054.06, 57.76)

Reference
-694.1 (-1206.54, -181.66)

Reference
-801.02 (-1708.41, 106.37)

Reference
-531.17 (1165.25, 102.91)

Reference
-1469.88 (-2065.10, -874.65)

Energy Expenditure

Adjusted parameter estimates and 95% CI were obtained by multiple linear regression model via GLM procedure, adjusted for age, sex, BMI, smoking status, and any musculoskeletal disorders.

Moderate to vigorous intensity physical activity: in kcal/week of energy expenditure

COPD=chronic obstructive pulmonary disease; CI=confidence interval; CAT=COPD Assessment Test; GOLD=Global initiative for chronic Obstructive Lung Disease; GLM=general linear models; BMI=body mass index

in non-COPD and COPD participants were past exercise 
habits and winter season.

Our sample showed high mean MVPA estimated by 
the CHAMPS questionnaire with a wide range and high 

variability within all sub-groups and the normative group. 
In comparison, Mak and colleagues showed mean scores of 
1011 for energy expenditure in Canadians with COPD using 
the CHAMPS, which is much lower than the mean score of 
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Figure 3. Mean Moderate-to-Vigorous Intensity Physical Activitya for All patients With COPD 
and Separate for Global Initiative for Chronic Obstructive Lung Disease 1 and 2—Categorized by 
Diagnosis Status

aenergy expenditure

MVPA=moderate-to-vigorous intensity physical activity; COPD=chronic obstructive pulmonary disease; GOLD=Global initiative for chronic Obstructive Lung Disease; CAT=COPD Assessment Test; BMI=body mass index
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All COPD
Undiagnosed n=527
Diagnosed n=205
GOLD 1
Undiagnosed n=337
Diagnosed n=66
GOLD 2 
Undiagnosed n=177
Diagnosed n=109

Table 3. Association Between Diagnosis Status and Moderate-to-Vigorous Intensity Physical 
Activity in Participants With and Without COPD

Adjusted β (95% CI)

Reference
-592.41 (-953.11, -231.71)

Reference
118.59 (-462.02, 699.19)

Reference
-900.19 (-1388.84, -411.54)

Energy Expenditure

Adjusted parameter estimates and 95% CI were obtained by multiple linear regression model via GLM procedure, adjusted for age, sex, BMI, smoking status, and any musculoskeletal disorders

Moderate-to-vigorous intensity physical activity: in kcal/week of energy expenditure. 

COPD=chronic obstructive pulmonary disease; CI=confidence interval; GOLD=Global initiative for chronic Obstructive Lung Disease; GLM=general linear model; BMI=body mass index

Use of any respiratory medication: diagnosed 67.2%; undiagnosed 22.5 %.

2318 reported for the CanCOLD cohort.17 This could be 
explained by the fact that they included more participants 
with severe COPD. In addition, this study’s mean MVPA is 
higher than the 3 physical activity levels stated by Stewart 
and colleagues: respectively sedentary, somewhat active, 
and active. Our high mean MVPA could be due to our study 
population, which was relatively younger.18,20 The mean 
scores of the at-risk, healthy, and mild COPD groups are 
very similar between groups in this study, in contrast with 
other studies that stated patients with mild COPD already 
show some physical impairment in comparison with healthy 
individuals.21 The difference may come from the selection of 

individuals in those studies. Most previous studies have used 
a convenient clinical sample which consisted of participants 
who are attended by clinicians and are more likely to be 
symptomatic than the general population. The results from 
our more general sample could emphasize the difficulty and 
need for identification of individuals within the mild COPD 
group who are less active.

The inverse relationship of symptom burden with 
MVPA is in line with previous studies on patients with 
COPD.2,6,22,23 This present study extends on these prior 
findings by showing, for the first time, that symptom burden 
is also related to MVPA in patients with mild to moderate 
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COPD from a population-based sample, almost three-
quarters of whom were not physician diagnosed. Demeyer 
and colleagues found an association between lower PA levels 
and higher symptom burden in a clinical COPD sample in 
different study sites in Europe, measured by the modified 
Medical Research Council (mMRC) Dyspnea Scale, and 
highlighted a minority of patients with mild COPD who 
showed reduced PA.22 However, the PA outcome in that 
study was in steps per day and the authors did not report on 
MVPA specifically. In the present study, patients in the mild 
COPD sub-group with a high symptom burden reported 
lower MVPA levels, which emphasizes the importance of 
identifying this sub-group early. Despite this association not 
being statistically significant, it could indicate there may 
be a relatively inactive sub-group within the wide range of 
MVPA levels in the mild COPD group. Identification by the 
assessment of symptom burden could, therefore, be useful. 

To our knowledge, this is the first study to investigate 
the relationship between MVPA and diagnostic status 

(physician-diagnosed and undiagnosed COPD) in a large 
general population cohort. MVPA was significantly higher 
for undiagnosed individuals in the entire COPD group, 
especially for moderate COPD (although the score remained 
below the normative values from our total study population) 
and could be due to a lower impact of disease state. However, 
within the mild COPD sub-group, no significant relationship 
between diagnostic status and MVPA levels could be 
demonstrated. To investigate this further, we performed a 
post-hoc analysis within this subgroup to assess whether 
patients with a high symptom burden were less active than 
patients with a low symptom burden. A trend was observed 
for every CHAMPS outcome. This is in line with the results 
of the study of Remoortel and colleagues, who reported a 
reduction in PA levels (daily steps and MVPA) in a small study 
population of undiagnosed patients and additionally found 
that a reduction in PA levels started early in the disease.24 
However, our analysis failed to reach statistical significance, 
which could be due to lack of statistical power. Also, despite 
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Covariates
Age, per 1-year increase
Sex, female vs male
BMI, per increase of 1 point  
Cigarette Smoking Pack Years  — per increase of 1 point

Factors
CAT Score, per increase of 2 point  
FEV1, per 100-ml decrease
Peak VO2, per decrease of 1 point
Exercise Habits
    > 3/week
    ≤ 3/week
    ≤1-3/month
    No exercise
Season at Visit
    Spring
    Summer
    Autumn
    Winter
Neighborhood Walkability Class
1
2
3
4
5

Table 4. Factors Associated with Moderate-to-Vigorous Intensity Physical Activity in the Stepwise 
Multivariate Model for Participants With and Without COPD

Non-COPD

-4.35 (-27.85, 19.16)
-667.07 (-1089.56, -244.57)

90.42 (48.58, 132.26)
-5.32 (-16.00, 5.36)

-126.66 (-212.47, -40.86)

--77.82 (-110.38, -45.25)

Reference
-745.40 (-1230.37, -260.42)

-1637.69 (-2246.00, -1029.38)
-1505.50 (-2261.66, -749.34)

Reference
206.31 (-313.10, 725.72)

-123.07 (-663.88, 417.74)
-708.35 (-1254.87, -161.83)

Reference
-633.44 (-1346.24, 79.35)

-1131.41 (-1825.12, -437.69)
-1009.75 (-1763.12, -256.37)
-924.84 (-1602.75, -246.93)

Energy Expenditure

Moderate-to-vigorous intensity physical activity: in kcal/week of energy expenditure

For the multivariate analyses, GLMSELECT procedure with SELECTION=STEPWISE (select=SL) option in the MODEL statement to select the final variables. 

All variables that were explored in the univariate analyses with p<0.05 were considered in the multivariate model, and age, sex, BMI, and smoking status  as covariates included in all models.

COPD=chronic obstructive pulmonary disease; CI=confidence interval; BMI=body mass index; CAT=COPD Assessment Score; FEV1= forced expiratory volume in 1 second; VO2=volume oxygen

COPD

-36.36 (-55.81, -16.91)
-349.04 (-798.18, 100.11)

54.23 (16.69, 91.77)
-8.99 (-16.38, -1.60)

-68.27 (-128.88, -7.65)
-58.73 (-91.46, -26.00)

Reference
-1027.75 (-1469.24, -586.27)
-1274.31 (-1787.47, -761.16)

-1703.17 (-2334.09, -1072.25)

Reference
210.47 (-280.20, 701.15)

-549.07 (-1005.36, -92.77)
-838.53 (-1282.51, -394.55)

β (95% CI) β (95% CI)
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not having a diagnosis, 22.5 % of the undiagnosed group 
used respiratory medication, which makes it harder to 
interpret results. Follow-up data is needed to study whether 
this trend of a negative association of MVPA levels with 
symptom burden could lead to deterioration in the onset of 
COPD. 

In addition to symptom burden, poor past exercise 
habits and winter season were significantly positively 
associated with lower MVPA in participants with and 
without COPD, with greater impact in the COPD group. We 
do not know of other studies that report on past exercise 
habits in relation with current MVPA levels. In a study by 
Koreny et al, patients with COPD who were more physically 
active at the beginning of a PA intervention program, were 
more likely to finish the program and stay more active 
afterwards.25 And although their previous physical activity 
was not stated as past exercise habits, this could indicate 
that activity habits in general can be an important factor 
in physical activity levels of individuals with COPD. Follow-
up on the participants from the CanCOLD cohort could 
give insight in the relationship of (past) exercise habits to 
physical activity and deterioration, especially in formerly 
undiagnosed patients.

The positive association of winter with lower MVPA 
in non-COPD and COPD groups is consistent with other 
findings and may be due to cold and rainfall. The latter could 
also explain the negative association of autumn with MVPA 
in the COPD group only, due to the difficulty of breathing 
in humid weather caused by rain, specifically for the COPD 
group.26 This is also the time of year when respiratory 
tract infections and COPD exacerbations are most common, 
which may also have negatively impacted PA levels.26

Lung function was shown to be significantly associated 
with MVPA in the COPD group only. Previous reports on 
lung function and PA have been inconsistent, as some studies 
failed to demonstrate an association, possibly due to their 
small sample sizes.5,27,28 Positive associations of exercise 
capacity with MVPA were only demonstrated in the non-
COPD group. Exercise capacity in the healthy population is 
known to be only moderately associated with PA.4 

Neighborhood walkability, here reported in sequential 
classes, surprisingly showed a negative association for non-
COPD participants. Although other findings on walkability 
of neighborhoods and PA are indeed inconsistent,29,30 an 
inverse association does not seem logical and could not be 
explained by the data available. The CHAMPS questionnaire 
targets multiple (moderate) activities and may not be the 
right instrument to find a relationship of neighborhood 
walkability and MVPA levels. While accelerometer data is 
likely to be more valid, this was beyond the feasibility of the 
present study. 

MVPA was found to be inversely related to symptom 
burden in a general population sample that included a 
large proportion of individuals with COPD who have not 
previously received a diagnosis by a physician and a high 
number of mild to moderate COPD individuals. Assessment 
of symptom burden may help identify patients with lower 
MVPA, especially for moderate COPD and for relatively 
inactive individuals with mild COPD. 
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Conclusion

Strength and Limitations

This study has some strengths and limitations. A strength of 
the current study is the inclusion of a general population 
sample. The sample size and inclusion of individuals with 
spirometrically-confirmed COPD, but not having physician-
diagnosed COPD provided insightful associations and a novel 
basis to demonstrate the impact of symptom burden and 
other factors on PA levels across the spectrum of severity of 
disease, including mild to moderate COPD and pre-clinical 
disease. One of the limitations includes the multiple PA 
outcomes of the CHAMPS, as they are difficult to compare 
with measurements in other studies. Direct measurements of 
PA such as using accelerometers compared to questionnaires 
are known to be more reliable, yet they have a motivational 
effect with the potential to artificially increase PA levels.31 
The CHAMPS is a self-reported questionnaire, which may 
increase the risk of reporting socially acceptable answers. 
However, the CHAMPS targets different activities, and is 
reliable in patients with COPD.17 It is also shown to be able 
to detect changes over time and therefore, appropriate in 
large population studies such as the ongoing CanCOLD 
longitudinal cohort.22 The cross-sectional design of the 
present study does not allow for claiming causal effects of 
determinants on the progression of COPD. However, these 
findings generate a novel basis and new hypotheses to 
further investigate possible associations of symptom burden 
and PA in individuals with COPD from mild to moderate 
and not only severe disease.



99 Physical Activity and Symptom Burden in COPD

journal.copdfoundation.org | JCOPDF © 2023 Volume 10 • Number 1 • 2023

For personal use only. Permission required for all other uses.

individuals in the CanCOLD Collaborative Research Group:

Executive Committee: Jean Bourbeau (PI) (McGill University, 
Montreal, Quebec, Canada); Wan C. Tan (co-PI) (University 
of British Columbia, Vancouver, British Columbia, Canada); 
Shawn Aaron (University of Ottawa, Ottawa, Ontario, 
Canada); Kenneth R. Chapman (University of Toronto, 
Toronto, Ontario, Canada); J. Mark FitzGerald (University 
of British Columbia, Vancouver, British Columbia, Canada); 
Paul Hernandez (Dalhousie University, Halifax, Nova Scotia, 
Canada); François Maltais (University of Laval, Quebec 
City, Quebec, Canada); Darcy D. Marciniuk (University of 
Saskatchewan, Saskatoon, Saskatchewan, Canada); Denis E. 
O’Donnell (Queen’s University, Kingston, Ontario, Canada); 
Don D. Sin (University of British Columbia, Vancouver, 
British Columbia, Canada); Brandie Walker (University of 
Calgary, Calgary, Alberta, Canada). 

International Advisory Board: Jonathon Samet (the Keck 
School of Medicine of University of Southern California, 
Los Angeles, California); Milo Puhan ( John Hopkins School 
of Public Health, Baltimore, Maryland); Qutayba Hamid 
(McGill University, Montreal, Quebec, Canada); James C. 
Hogg (University of British Columbia, James Hogg Research 
Centre, Vancouver, British Columbia, Canada).

Operations Centre: Jean Bourbeau (PI), Dany Doiron, 
Palmina Mancino, Pei Zhi Li, Dennis Jensen, Carolyn 
Baglole (University of McGill, Montreal, Quebec, Canada), 
Yvan Fortier (Laboratoire telematique Respiratory Health 
Network, FRQS, Montreal, Quebec, Canada); Wan C. Tan 
(co-PI), Don Sin, Julia Yang, Jeremy Road, Joe Comeau, 
Adrian Png, Kyle Johnson, Harvey Coxson, Miranda Kirby, 
Jonathon Leipsic, Cameron Hague (University of British 
Columbia, James Hogg Research Centre, Vancouver, British 
Columbia, Canada).

Economic Core: Mohsen Sadatsafavi (University of British 
Columbia, Vancouver, British Columbia, Canada).

Public Health Core: Teresa To, Andrea Gershon (University 
of Toronto, Ontario, Canada).

Data Management and Quality Control: Wan C. Tan, 
Harvey Coxson (University of British Columbia, Vancouver, 
British Columbia, Canada); Jean Bourbeau, Pei-Zhi Li, Zhi 
Song, Andrea Benedetti, Dennis Jensen (McGill University, 
Montreal, Quebec, Canada); Yvan Fortier (Laboratoire 
telematique Respiratory Health Network, FRQS, Montreal, 
Quebec, Canada).

Field Centres: Wan C. Tan (PI), Christine Lo, Sarah Cheng, 
Elena Un, Cynthia Fung, Wen Tiang Wang, Liyun Zheng, 
Faize Faroon, Olga Radivojevic, Sally Chung, Carl Zou 
(University of British Columbia,  James Hogg Research Centre, 
Vancouver, British Columbia, Canada); Jean Bourbeau (PI), 
Palmina Mancino, Jacinthe Baril, Laura Labonte (McGill 
University, Montreal, Quebec, Canada ); Kenneth Chapman 
(PI), Patricia McClean, Nadeen Audisho (University of 
Toronto, Toronto, Ontario, Canada); Brandie Walker, 
(PI), Curtis Dumonceaux, Lisette Machado (University of 
Calgary, Calgary, Alberta, Canada); Paul Hernandez (PI), 
Scott Fulton, Kristen Osterling, Denise Wigerius (Dalhousie 
University and Queen Elizabeth II Health Sciences Centre, 
Halifax, Nova Scotia, Canada); Shawn Aaron (PI), Kathy 
Vandemheen, Gay Pratt, Amanda Bergeron (University 
of Ottawa, Ottawa, Ontario, Canada); Denis O’Donnell 
(PI), Matthew McNeil, Kate Whelan (Queen’s University, 
Kingston, Ontario, Canada); François Maltais (PI), Cynthia 
Brouillard (University of Laval, Quebec City, Quebec, 
Canada); Darcy Marciniuk (PI), Ron Clemens, Janet Baran, 
Candice Leuschen (University of Saskatchewan, Saskatoon, 
Saskatchewan, Canada).

The Can-ALE, indexed to DMTI Spatial Inc., postal 
codes, were provided by the Canadian Urban Environmental 
Health Research Consortium.

Declaration of Interest

The authors report no conflict of interest related to the 
publication of this paper.



100 Physical Activity and Symptom Burden in COPD

journal.copdfoundation.org | JCOPDF © 2023 Volume 10 • Number 1 • 2023

For personal use only. Permission required for all other uses.

1. Chronic Respiratory Disease Working Group Members of the 
Canadian Chronic Disease Surveillance System. Asthma and 
chronic obstructive pulmonary disease (COPD) in Canada. Canada 
Government website. Published 2018. Accessed November 2019. 
https://www.canada.ca/en/public-health/services/publications/
diseases-conditions/asthma-chronic-obstructive-pulmonary-
disease-canada-2018.html 

2. Global Initiative for Chronic Obstructive Lung Disease (GOLD). 
Global initiative for chronic obstructive lung disease, 2019 report. 
GOLD website. Published 2019. Accessed August 2022. https://
goldcopd.org/wp-content/uploads/2018/11/GOLD-2019-v1.7-
FINAL-14Nov2018-WMS.pdf 

3. Quaderi SA, Hurst JR. The unmet global burden of COPD. Glob 
Heal Epidemiol Genomics. 2018;3(4):9-11.    
https://doi.org/10.1017/gheg.2018.1 

4. Ernst P, Bourbeau J, Rainville B, Benayoun S, Suissa S. Underestimation 
of COPD as a cause of death. Eur Respir J. 2000;16(31):13.  
https://doi.org/10.1186/s12890-016-0343-9 

5. Waschki B, Kirsten AM, Holz O, Mueller K, et al. Disease progression 
and changes in physical activity in patients with chronic obstructive 
pulmonary disease. Am J Respir Crit Care Med. 2015;192(3):295-
306. https://doi.org/10.1164/rccm.201501-0081OC 

6. Clarenbach CF, Sievi NA, Haile SR, et al. Determinants of annual 
change in physical activity in COPD. Respirology. 2017;22(6):1133-
1139. https://doi.org/10.1111/resp.13035 

7. Garcia-Aymerich J, Lange P, Benet M, Schnohr P, Anto JM. Regular 
physical activity modifies smoking-related lung function decline and 
reduces risk of chronic obstructive pulmonary disease: a population-
based cohort study. Am J Respir Crit Care Med. 2007;175(5):458-463. 
https://doi.org/10.1164/rccm.200607-896OC

8. Bossenbroek L, de Greef MHG De, Wempe JB, Krijnen WP, ten 
Hacken NHT. Daily physical activity in patients with chronic 
obstructive pulmonary disease: a systematic review. COPD. 
2011;8(4):306-319.      
https://doi.org/10.3109/15412555.2011.578601 

9. Leung C, Bourbeau J, Sin DD, et al. The prevalence of chronic 
obstructive pulmonary disease (COPD) and the heterogeneity of 
risk factors in the Canadian population: Results from the Canadian 
obstructive lung disease (COLD) study. Int J Chron Obstruct Pulmon 
Dis. 2021;16:305-320. https://doi.org/10.2147/COPD.S285338 

10. Gimeno-Santos E, Frei A, Steurer-stey C, et al. Determinants and 
outcomes of physical activity in patients with COPD : a systematic 
review. Thorax. 2014;69(8):731-739.    
https://doi.org/10.1136/thoraxjnl-2013-204763 

11. Labonte LE, Tan WC, Li PZ, et al. Undiagnosed chronic obstructive 
pulmonary disease contributes to the burden of health care 
use data from the CanCOLD study. Am J Respir Crit Care Med. 
2016;194(3):285-298.     
https://doi.org/10.1164/rccm.201509-1795OC 

References 12. 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(2):00960-2020.  
https://doi.org/10.1183/23120541.00960-2020 

13. Bourbeau J, Tan WC, Benedetti A, et al. Canadian cohort obstructive 
lung disease (CanCOLD): fulfilling the need for longitudinal 
observational studies in COPD Canadian cohort obstructive lung 
disease (CanCOLD). J Chronic Obstr Pulm Dis. 2014;11(2):125-
132. https://doi.org/10.3109/15412555.2012.665520 

14. Brook JR, Setton EM, Seed E, Shooshtari M, Doiron D. The Canadian 
urban environmental health research consortium - a protocol for 
building a national environmental exposure data platform for 
integrated analyses of urban form and health. BMC Public Health. 
2018;18(1):1-15. https://doi.org/10.1186/s12889-017-5001-5 

15. Hermann T, Gleckner W, Wasfi, RA, Thierry B, Kestens Y, Ross 
NA. A pan-Canadian measure of active living environments using 
open data. Health Rep. 2019;30(5):16-25.    
https://www.doi.org/10.25318/82-003-x201900500002-eng 

16. Mak S, Soicher JE, Mayo NE, Wood-Dauphinee S, Bourbeau J. 
Cross-cultural adaptation of the CHAMPS questionnaire in French 
Canadians with COPD. Can Respir J. 2016;2016:9304505.  
https://doi.org/10.1155/2016/9304505 

17. Mak S, Bourbeau J, Mayo NE, Wood-Dauphinee S, Soicher JE. 
Psychometric testing of the CHAMPS questionnaire in French 
Canadians with COPD. Can Respir J. 2019;2019:2185207.  
https://doi.org/10.1155/2019/2185207 

18. Stewart AL, Mills KM, King AC, et al. CHAMPS Physical activity 
questionnaire for older adults: outcomes for interventions. Med Sci 
Sports Exerc. 2001;33(7):1126-1141.    
https://doi.org/10.1097/00005768-200107000-00010 

19. Jones PW, Tabberer M, Chen WH. Creating scenarios of the impact 
of COPD and their relationship to COPD Assessment Test (CAT™) 
scores. BMC Pulm Med. 2011;11:42.    
https://doi.org/10.1186/1471-2466-11-42 

20. Stewart AL, Gillis D, Grossman M, et al. Diffusing a research-
based physical activity promotion program for seniors into diverse 
communities: CHAMPS III. Prev Chronic Dis. 2006;3(2):A51.  
http://www.cdc.gov/pcd/issues/2006/apr/05_0091.htm 

21. Vorrink SN, Kort HS, Troosters T, Lammers J-WJ. Level of daily 
physical activity in individuals with COPD compared with healthy 
controls. Respir Res. 2011;12:33.    
https://doi.org/10.1186/1465-9921-12-33 

22. Demeyer H, Donaire-Gonzalez D, Gimeno-Santos E, et al. Physical 
activity is associated with attenuated disease progression in chronic 
obstructive pulmonary disease. Med Sci Sports Exerc. 2019;51(5):833-
840. https://doi.org/10.1249/MSS.0000000000001859 

23. Geidl W, Carl J, Cassar S, et al. Physical activity and sedentary 
behaviour patterns in 326 persons with COPD before starting 
a pulmonary rehabilitation: a cluster analysis. J Clin Med. 
2019;8(9):1346. https://doi.org/10.3390/jcm8091346 



101 Physical Activity and Symptom Burden in COPD

journal.copdfoundation.org | JCOPDF © 2023 Volume 10 • Number 1 • 2023

For personal use only. Permission required for all other uses.

24. Remoortel H van, Hornikx M, Demeyer H, et al. Daily physical activity 
in subjects with newly diagnosed COPD. Thorax. 2013;68(10):962-
963. https://doi.org/10.1136/thoraxjnl-2013-203534 

25. Koreny M, Demeyer H, Arbillaga-Etxarri A, et al. Determinants of 
study completion and response to a 12-month behavioral physical 
activity intervention in chronic obstructive pulmonary disease: a 
cohort study. PLoS One. 2019;14(5):e0217157.   
https://doi.org/10.1371/journal.pone.0217157 

26. Boutou AK, Raste Y, Demeyer H, et al. Progression of physical 
inactivity in COPD patients: the effect of time and climate 
conditions - a multicenter prospective cohort study. Int J Chron 
Obstruct Pulmon Dis. 2019;14:1979-1992.    
https://doi.org/10.2147/COPD.S208826 

27. Sievi NA, Brack T, Brutsche MH, et al. Physical activity declines 
in COPD while exercise capacity remains stable: a longitudinal 
study over 5 years. Respir Med. 2018;141:1-6.    
https://doi.org/10.1016/j.rmed.2018.06.013 

28. Dogra S, Good J, Buman MP, Gardiner PA, Copeland JL, Stickland 
MK. Physical activity and sedentary time are related to clinically 
relevant health outcomes among adults with obstructive lung 
disease. BMC Pulm Med. 2018;18(98):1-13.   
https://doi.org/10.1186/s12890-018-0659-8 

29. Chudyk AM, McKay HA, Winters M, Sims-Gould J, Ashe MC. 
Neighborhood walkability, physical activity, and walking for 
transportation: a cross-sectional study of older adults living on 
low income. BMC Geriatr. 2017;17(1):1-14.    
https://doi.org/10.1186/s12877-017-0469-5 

30. Carlin A, Perchoux C, Puggina A, et al. A life course examination 
of the physical environmental determinants of physical activity 
behaviour: a ”determinants of diet and physical activity” (DEDIPAC) 
umbrella systematic literature review. PLoS One. 2017;12(8):1-26. 
https://doi.org/10.1371/journal.pone.0182083 

31. Clini E, Holland AE, Pitta F, Troosters T. Textbook of  Pulmonary 
Rehabilitation. Springer International Publishing AG; 2018. https://
doi.org/10.1007/978-3-319-65888-9


