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ABSTRACT Little is known about changes in physical activity in subjects with chronic obstructive
pulmonary disease (COPD) and its impact on mortality. Therefore, we aimed to study changes in physical
activity in subjects with and without COPD and the impact of physical activity on mortality risk.

Subjects from the Copenhagen City Heart Study with at least two consecutive examinations were selected.
Each examination included a self-administered questionnaire and clinical examination.

1270 COPD subjects and 8734 subjects without COPD (forced expiratory volume in 1 s 67+ 18 and
91+ 15% predicted, respectively) were included. COPD subjects with moderate or high baseline physical
activity who reported low physical activity level at follow-up had the highest hazard ratios of mortality (1.73
and 2.35, respectively; both p<<0.001). In COPD subjects with low baseline physical activity, no differences
were found in survival between unchanged or increased physical activity at follow-up. In addition, subjects
without COPD with low physical activity at follow-up had the highest hazard ratio of mortality, irrespective
of baseline physical activity level (p<0.05).

A decline to low physical activity at follow-up was associated with an increased mortality risk in subjects
with and without COPD. These observational data suggest that it is important to assess and encourage
physical activity in the earliest stages of COPD in order to maintain a physical activity level that is as high as
possible, as this is associated with better prognosis.
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Introduction

Subjects with chronic obstructive pulmonary disease (COPD) have lower levels of regular physical activity
compared to subjects without COPD, even in mild-to-moderate COPD [1]. Many subjects with COPD are
not able to meet the recommended minimal amount of regular daily physical activity [2—4]. This may differ
between geographic areas, cultural backgrounds and/or methods used to assess daily physical activity [5].

Lower levels of physical activity have been associated with accelerated lung function decline [6], exercise
intolerance [1], lower limb muscle weakness [1], lower muscle mass [7] and hospitalisations [8, 9]. In
addition, subjects with COPD with very low levels of regular physical activity have the worst prognosis. This
has been shown in a population-based study using self-reported levels of physical activity [8], as well as in
clinical samples of subjects with COPD using objectified levels of physical activity [10].

In most COPD studies, physical activity has only been assessed at one time point [6, 8, 10-13]. However,
subjects with COPD may change their physical activity behaviour over time. Only a few studies have focused
on long-term changes in regular physical activity in subjects with COPD, showing a decline in physical
activity in 19-26% of the subjects [14-16]. However, a common limitation to all previous studies is a lack
of comparison between physical activity changes in subjects with COPD and subjects without COPD.
Therefore, it is not possible to establish whether the observed changes are due to COPD progression
or ageing.

A decline in regular physical activity may affect clinical characteristics in subjects with COPD. ESTEBAN et al.
[14] showed that a decline in self-reported regular physical activity at 5-year follow-up was associated with a
decline in disease-specific health status in subjects with COPD. Moreover, a study in the general population
found that maintaining or adopting a moderate or high level of physical activity was associated with lower
risk of death [17]. Whether and to what extent changes in regular physical activity affect survival of subjects
with COPD remains unknown. Nevertheless, it seems reasonable to hypothesise that a decline in regular
physical activity over time may affect risk for all-cause mortality in subjects with COPD.

Therefore we sought to: 1) compare the longitudinal changes in the level of self-reported regular physical
activity between subjects with and without COPD; 2) identify baseline determinants of changes in physical
activity in subjects with and without COPD; and 3) identify the association between the changes in the level
of self-reported regular physical activity and all-cause mortality in subjects with and without COPD.

Methods

Study design and population

All subjects participated in the Copenhagen City Heart Study (CCHS) [18]. A sample of the general
population aged >20 years were selected at random and invited to participate. 14 223 subjects attended the
first CCHS examination in 1976-1978. Participants were re-examined in 1981-1983 (examination 2), 1991—
1994 (examination 3) and 2001-2003 (examination 4), and new 20-49-year-old subjects were invited in an
attempt to have a study population with representatives from all age groups. The institutional review board
and Danish regional ethics committees approved the research protocol. All participants gave written
informed consent [18].

Subjects with at least two consecutive examinations were analysed. COPD was defined as a forced expiratory
volume in 1 s (FEV1)/forced vital capacity ratio of <70% [8]. The date of participation in the examination
when COPD was first diagnosed was considered the baseline examination.

After excluding subjects with missing data (lung function and/or physical activity at baseline and/or follow-
up), and/or with an inconsistent diagnosis of COPD, a total of 10 004 subjects were analysed; 1270 subjects
with COPD and 8734 subjects without COPD. A total of 5408 subjects had one follow-up examination,
2537 subjects had two follow-up examinations, and 2059 subjects had three follow-up examinations. This
resulted in 16 659 data points with repeated examinations; 1733 in subjects with COPD and 14926 in
subjects without COPD (fig. 1). The median (interquartile range; IQR) time between the baseline
examination and follow-up examination was 9 (5-11) years.

Mortality data were available in 1166 subjects with COPD and 7143 subjects without COPD. Follow-up
started at the last evaluation for each subject, and had a median (IQR) duration of 17.1 (9.3-24.2) years.
Thus, there was no artificial period with no mortality.

Measurements

Physical activity

Physical activity was measured at each examination using a valid and reliable questionnaire [19-21], and
was classified into “low”, “moderate” or “high”, as described elsewhere [17, 20]. For full details refer to the
supplementary material.
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FIGURE 1 Flow chart of study subjects. COPD: chronic obstructive pulmonary disease.

Lung function

Spirometry was used to assess lung function. At each examination three sets of values were obtained, and at
least two measurements differing by <<5% had to be produced. The highest values of FEV1 and forced vital
capacity were used for further analyses. For full details refer to the supplementary material.

Other variables

Each examination included a clinical examination and a self-administered questionnaire, which included
questions regarding: socioeconomic factors (sex, age, education, marital status and cohabitation); current
smoking; and self-reported comorbidities (cardiac comorbidities, diabetes and current symptoms of chest
pain and/or leg pain).

Statistics

Differences between subjects with and without COPD were compared using two-tailed t-tests and Chi-
squared tests as appropriate. Changes in physical activity level from baseline to follow-up examination were
stratified according to baseline physical activity level (e.g. low, moderate or high). Differences between
physical activity levels and changes in physical activity level were compared using ANOVA and Bonferroni
post hoc comparisons or Chi-squared analysis. Generalised estimating equations with exchangeable
correlation structure, adjusted for sex and age, were used to identify determinants of longitudinal changes in
physical activity level in subjects with and without COPD. Models were stratified according to baseline
physical activity level. The outcome variable had the following categories: 1) decrease in physical activity
level; 2) no change in physical activity level; or 3) increase in physical activity level. No change in physical
activity level was used as the reference category. Possible predictor variables, including sociodemographic data
(marital status, cohabitation, and years of education), clinical data (lung function and body mass index (BMI)),
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self-reported comorbidities and smoking history, with a significant association with the outcome variable, were
subsequently modelled as possible explanatory variables, as well as the interaction of each variable with time.
Results are presented as odds ratios and 95% confidence intervals.

Cox proportional hazard regression was used to determine the potential effect of longitudinal changes in
physical activity as a predictor of survival. The models were stratified according to baseline physical activity
level and COPD status (subjects with or without COPD). The exposure variable had the following
categories: 1) decrease in physical activity level; 2) no change in physical activity level; and 3) increase in
physical activity level. No change in physical activity level was considered as the reference category.
Variables considered as potential confounders were tested, and were maintained in the final multivariate
models if they modified the hazard ratio estimate for any of the remaining covariates (=10% change in -
coefficients). We tested proportionality assumptions and goodness of fit of the models using both the
graphical check based on the log-minus-log curves and Schoenfeld residuals. Both methods revealed no
violation of the proportional hazard assumption. All analyses were carried out using SPSS version 21.0
(IBM, Somers, NY, USA). A priori, a two-sided level of significance was set at p <0.05.

Results

Characteristics at baseline

Table 1 shows the baseline characteristics of 1270 subjects with COPD and 8734 subjects without COPD.
Significant differences were found in sociodemographic and clinical data, presence of self-reported
symptoms and comorbidities, and smoking status (table 1). The baseline characteristics stratified by CCHS
examination are included in table E1.

Baseline physical activity

The proportion of subjects with COPD with a low physical activity level was significantly higher compared
to the proportion of subjects without COPD (table 1). Subjects with COPD with a low physical activity level
had a significantly worse lung function, shorter education, a higher proportion of current smokers, and
more smoking years compared to subjects with COPD with a moderate or high baseline physical activity
level. Furthermore, significant differences were found for sex and marital status (table 2). Similar results
were found in the subjects without COPD. In addition, age, BMI and the presence of self-reported
symptoms and comorbidities were significantly different between subjects without COPD with a low,
moderate or high baseline physical activity level (table 2). Differences between subjects with COPD with
and without self-reported comorbidities are available in the supplementary material, showing that subjects
with comorbidities were older, had a higher BMI and more smoking years.

Longitudinal changes in physical activity

The proportion of the subjects with COPD with a low baseline physical activity who retained low physical
activity at follow-up was significantly higher compared to the proportion of subjects without COPD (42.6
versus 31.9%, p<<0.001) (fig. 2). Furthermore, the proportion of subjects with COPD with a moderate
baseline physical activity level who changed their physical activity level at follow-up was significantly
different compared to the proportion of subjects without COPD (decrease in physical activity: 14.9% versus
11.4%, p=0.003; increase in physical activity: 26.4% versus 27.8%, p=0.045) (fig. 2). Finally, the proportion
of subjects with COPD with a high physical activity level at baseline who reported a decline in physical
activity at follow-up was significantly higher compared to the subjects without COPD (52.6% versus 46.7%;
p=0.010) (fig. 2). All differences remained significant after correction for differences in age and sex
(p<<0.05). Differences in baseline characteristics of physical activity change in subjects with and without
COPD are shown in tables E4 and E5.

Determinants of longitudinal changes in physical activity

In subjects with COPD, a higher baseline FEV1 was associated with a lower risk of decrease in physical
activity level (OR 0.507 and 0.553 for subjects with a moderate or high baseline physical activity,
respectively; p<<0.001 for both) (tables 3 and E6). Moreover, age (inversely), male sex, not smoking and
cohabiting were associated with an increase in physical activity in subjects with COPD with a moderate
baseline physical activity. Smoking for a longer number of years was associated with a decrease in physical
activity level in subjects with high baseline physical activity level (table 3).

In subjects without COPD, low baseline FEV1, active smoking, female sex, older age, short duration of
education, presence of comorbidities, being unmarried and overweight or obese were associated with a
decrease in physical activity level (tables 3 and E7). In addition, active smoking, male sex, being married
and years of education were associated with an increase in physical activity level (table 3).
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TABLE 1 Population characteristics at first examination

Subjects with COPD Subjects without p-value
COPD
Subjects n 1270 8734
Males 57.9 42.4 <0.001
Age years 56.2+9.5 48.5+12.6 <0.001
Marital status 0.040
Married/cohabiting 68.4 65.9
Other 31.6 34.1
Cohabitation 0.030
Alone 32.8 30.2
With others 67.2 69.8
Education years at school 8.4+1.9 9.0+22 <0.001
BMI kg-m™2 24.6+3.7 25.1+4.0 0.001
<20 9.2 6.6 0.002
20-25 49.3 49.0
>25 41.5 443
FEV1 L 2.1+0.8 2.940.9 <0.001
FEV1 % predicted 67.0+18.2 90.9+ 15.4 <0.001
FEV1/FVC % 63.0+6.9 83.4+ 6.8 <0.001
GOLD stage
| 24.3
Il 57.4
I 15.9
\% 2.4
Self-reported symptoms and
comorbidities
Diabetes 0.6 2.4 <0.001
Cardiac comorbidities 32.4 26.5 <0.001
Chest pain 38.1 33.5 0.001
Leg pain while walking 1.9 10.1 0.046
Smoking
Current smoker 79.1 54.8 <0.001
Never-smoker 5.8 26.3 <0.001
Ex-smoker 15.1 18.9 <0.001
Smoking years 34.5+11.5 24.6+12.8 <0.001
Self-reported baseline physical <0.001
activity level
Low 19.5 14.6
Moderate 51.5 53.8
High 29.0 31.7

Data are presented as % or mean +5sb, unless otherwise stated. The first examination may be different for each
subject (Copenhagen City Heart Study examination 1, 2 or 3]. COPD: chronic obstructive pulmonary disease;
BMI: body mass index; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; GOLD: Global Initiative
for Chronic Obstructive Lung Disease.

Longitudinal changes in physical activity and all-cause mortality

During a median (IQR) follow-up of 17.1 (9.3-24.2) years, 5392 (64.9%) subjects died. The highest
proportion of nonsurvivors was found among subjects with COPD (n=944; 81.0%). In subjects with COPD
and a low physical activity at baseline, no significant differences were found in crude and adjusted hazard
ratios of mortality between subjects who remained at low physical active at follow-up and subjects who
reported an increase in physical activity (table 4 and fig. 3a). Subjects with COPD and moderate to high
physical activity at baseline who reported a low physical activity level at follow-up had the highest crude and
adjusted hazard ratios of mortality (1.64 and 1.73, respectively, for subjects with moderate baseline physical
activity, and 3.31 and 2.35, respectively, for subjects with high baseline physical activity, both p<<0.001)
(table 4 and figs 3b and c¢). In addition, subjects without COPD with a low physical activity at follow-
up had the highest hazard ratio of mortality, irrespective of baseline physical activity level (p<<0.05)
(table 4 and figs 3d-f).
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TABLE 2 Population characteristics at first examination stratified for baseline physical activity level

Subjects with COPD* Subjects without COPDT
Low Moderate High p-value Low Moderate High p-value

Subjects n 248 654 368 1274 4697 2763
Males 58.9 53.8 bb4.4 0.004 42.4 37.4 51.0 <0.001
Age years 56.449.2 56.44 9.0 55.64+10.6 0.435 50.3+11.9  49.4412.0 46.0+13.4%"  <0.001
Marital status 0.025 0.025

Married/cohabiting 61.3 69.7 70.9 61.3 69.7 70.9

Other 38.7 30.3 29.1 38.7 30.3 29.1
Cohabitation 0.579 0.014

Alone 34.3 31.5 34.2 31.3 28.9 31.9

With others 65.7 68.5 65.8 68.7 71.1 68.1
Education years at school 8.0+1.8 8.3+1.9* 8.74+2.1% <0.001 8.4+2.0 9.0+2.1* 9.442.3%* <0.001
BMI kg-m™2 24.843.9 24.74+3.8 24.443.4 0.400 26.04+4.6 25.144.0* 24.643.7 <0.001

<20 8.5 8.9 10.3 0.878 5.8 6.7 6.8 <0.001

20-25 49.2 48.9 50.0 39.8 48.7 53.8

>25 42.3 42.2 39.7 54.4 44.5 39.4
FEV1 L 1.940.7 2.04+0.7* 2.3+0.8*F <0.001 2.74+0.8 2.840.8* 3.2+0.9% <0.001
FEV1 % predicted 61.54+17.8 66.94+17.9* 70.8+18.2%*  <0.001 87.84+15.9 90.7+15.4*  92.7+15.0%"  <0.001
FEV1/FVC % 61.74+7.7 63.346.8* 63.446.5* 0.005 83.3+7.5 83.3+6.8 83.54+6.5 0.469
GOLD stage 0.000

| 18.5 23.2 30.2

Il 54.8 58.6 57.1

I 22.6 15.9 1.4

\% 4.0 2.3 1.4
Self-reported symptoms

and comorbidities

Diabetes 1.2 0.3 0.8 0.268 3.8 2.3 1.9 0.001

Cardiac comorbidities 32.7 34.1 29.1 0.256 33.0 26.8 22.9 <0.001

Chest pain 41.9 36.7 37.9 0.403 38.5 32.9 32.3 0.001

Leg pain 15.3 12.7 8.2 0.005 17.6 9.7 7.2 <0.001
Smokers 84.3 79.2 75.3 0.007 62.1 55.3 50.6 <0.001
Smoking years 36.54+10.4 34.14+11.6*  33.8412.0* 0.010 2674123 249+12.7% 229+12.8*"  <0.001

Data are presented as % or mean+sp, unless otherwise stated. The first examination may be different for each subject (Copenhagen City Heart
Study examination 1, 2 or 3). COPD: chronic obstructive pulmonary disease; BMI: body mass index; FEV1: forced expiratory volume in 1 s; FVC:
forced vital capacity; GOLD: Global Initiative for Chronic Obstructive Lung Disease. #* n=1270; ": n=8734; *: p<0.05 versus low physical activity
level; : p<<0.05 versus moderate physical activity level.

Physical activity level at follow-up: [J Low [ Moderate [J High

a) 100~ b] 100~
167 26.4 L 278
80 47.4 80+ 588
s 40.7 B
60 60+
§ § 50.1
S 40- S 40 60.8
) 43.1* n 40.5
201 | 426* 204 | 319
14.9* * 11.4
0 T T 9|5 0 T T 6|2
Low Moderate High Low Moderate High
Physical activity at baseline Physical activity at baseline

FIGURE 2 Longitudingal changes in physical activity in a) 1733 subjects with chronic obstructive pulmonary disease
(COPD) (low: n=305; medium: n=890; high: n=538) and b) 14 926 subjects without COPD (low: n=1914; medium:
n=7992; high: n=5020). *: p<<0.05 compared with subjects without COPD with the same physical activity level.
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TABLE 3 Odds ratios for determinants of longitudinal changes in physical activity in subjects with and without chronic

obstructive pulmonary disease (COPD)*

Baseline physical activity

Low

Moderate

High

Increase (95% Cl)

Decrease (95% Cl)

Increase (95% Cl)

Decrease (95% Cl)

Subjects with COPD
FEV1 L
Age years
Sex
Female
Male
Smoker
Yes
No
Cohabitation
With others
Alone
Smoking years
Subjects without COPD
FEV1 L
Age years
Sex
Female
Male
Smoker
Yes 1.319 (1.077-1.616)
No 1.0
Marital status
Married/cohabiting
Other
Education years
Comorbidities
Yes
No

1.672 (1.127-2.477)

1.064 (1.009-1.123)

0.507 (0.346-0.741)

0.811 (0.690-0.953)
1.441 (1.150-1.806)
1.0

1.340 (1.096-1.639)
1.0

0.883 (0.841-0.928)

1.530 (1.281-1.828)
1.0

0.980 (0.963-0.998)

0.602 (0.428-0.848)
1.0

0.536 (0.355-0.811)
1.0

1.456 (1.006-2.109)
1.0

0.614 (0.542-0.694)
1.0

0.891 (0.780-0.999)
1.0

1.039 (1.006-1.073)

0.553 (0.400-0.765)

1.020 (1.001-1.041)

0.817 (0.720-0.927)
1.008 (1.001-1.015)

1.381 (1.189-1.605)
1.0

0.847 (0.731-0.981)
1.0
0.951 (0.918-0.986)

1.161 (1.009-1.336)
1.0

BMI kg-m™
>25
20-25

1.218 (1.047-1.416)
1.0

FEVi: forced expiratory volume in 1 s; BMI: body mass index. #: adjusted for age and sex. The complete models are included in tables E4 and E5.

DOI: 10.1183/09031936.00023214

Discussion

This study has three major findings: 1) a decline in self-reported regular physical activity is significantly
more common in subjects with COPD compared to subjects without COPD; 2) baseline determinants of
longitudinal changes in self-reported physical activity are different between subjects with and without
COPD; and 3) a decline in physical activity at follow-up was associated with an increased all-cause mortality
risk in subjects with and without COPD. Thus, it seems that whereas an increase in physical activity was
associated with reduced mortality in subjects without COPD, this was not the case in subjects with COPD
who increased their activity level from low to either moderate or high.

The proportion of subjects with COPD with a low physical activity level was significantly higher compared
to subjects without COPD, indicating a more inactive lifestyle in subjects with COPD. This finding is
consistent with earlier studies [3, 11, 22-24]. The proportions of subjects with COPD with a high physical
activity level (29%) may be somewhat surprising compared to subjects without COPD (31.7%). Then again,
the CCHS cohort is a sample of the general population. This may explain, at least in part, that the
proportion of COPD patients with high baseline physical activity level is comparable with the proportion of
subjects without COPD who report a high baseline physical activity level. Indeed, COPD patients with
Global Initiative for Chronic Obstructive Disease stage I and II were highly prevalent.
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TABLE 4 Crude and adjusted associations between longitudinal changes in physical activity and all-cause mortality in subjects
with and without chronic obstructive pulmonary disease (COPD)

Physical activity level Crude HR (95% ClI) p-value Adjusted HR (95% cI)* p-value
Baseline Follow-up
Subjects with COPD
Low (n=235) Low (n=95) 1 1
Moderate (n=99) 0.798 (0.590-1.079) 0.142 0.835 (0.605-1.151) 0.270
High (n=41) 0.853 (0.567-1.262) 0.425 1.012 (0.669-1.531) 0.953
Moderate (n=602) Low (n=84) 1.644 (1.271-2.126) <0.001 1.729 (1.335-2.239) <0.001
Moderate (n=351) 1 1
High (n=167) 1.183 (0.962-1.455) 0.112 1.174 (0.952-1.447) 0.134
High (n=329) Low (n=34) 3.307 (2.202-4.966) <0.001 2.351 (1.516-3.646) <0.001
Moderate (n=148) 1.253 (0.957-1.639) 0.101 1.048 (0.790-1.390) 0.746
High (n=147) 1 1
Subjects without COPD
Low (n=1116) Low (n=390) 1 1
Moderate (n=512) 0.745 (0.636-0.874) <0.001 0.707 (0.592-0.844) <0.001
High (n=214) 0.777 (0.637-0.949) 0.013 0.747 (0.599-0.931) 0.009
Moderate (n=4007) Low (n=520) 1.518 (1.355-1.700) <0.001 1.224 (1.091-1.373) 0.001
Moderate (n=2342) 1 1
High (n=520) 1.120 (1.024-1.225) 0.013 0.961 (0.878-1.053) 0.727
High (n=2020) Low (n=148) 1.642 (1.302-2.070) <0.001 1.256 (1.000-1.590) 0.050
Moderate (n=742) 1.071 (0.932-1.230) 0.331 1.007 (0.876-1.159) 0.919
High (h=1130) 1 1

HR: hazard ratio. ¥: multivariate model adjusted for sex, age and confounders of the association between physical activity and all-cause mortality,
including self-reported comorbidities, smoking, smoking years, education, forced expiratory volume in 1 s and body mass index. The complete
models with all covariates are included in tables E8 and E9.

In addition, the proportion of subjects with COPD with a decline in physical activity was higher compared
to the proportion of subjects without COPD, irrespective of physical activity level at baseline (tables 3 and 4).
This finding is novel as previous studies on the long-term changes in physical activity did not include a
non-COPD control group [14-16].

From cross-sectional studies it is well known that physical activity is associated with clinical,
sociodemographic and behavioural factors [1, 5, 11, 14, 22, 23, 25, 26]. However, data on determinants
of longitudinal changes in regular physical activity are limited. The current results indicate that
determinants of longitudinal changes in self-reported physical activity differ between subjects with and
without COPD. Changes in physical activity in subjects without COPD are determined by a large variety of
factors, including clinical data, sociodemographic data and the presence of comorbidities, whereas in
subjects with COPD the variables with the highest likelihood for changes in physical activity are sex, the
degree of airflow obstruction and smoking status. This may indicate that subjects with COPD are mainly
limited by the consequences of COPD and that other variables have a limited additional impact on changes
in physical activity. Then again, possible confounders, such as diet and objectified comorbidities, were not
assessed, which may also partly explain the greater decline in physical activity in subjects with COPD.
Determination of clinical and demographic correlates of physical activity may be important for identifying
subjects at risk of developing an inactive lifestyle, but also for designing a specific and adequate physical
activity programme for these subjects.

Previously, using the present population, GARCIA-AYMERICH et al. [8] showed that subjects with COPD and a
very low to low baseline physical activity level had a higher mortality risk than subjects with COPD and a
moderate to high physical activity level. However, changes in physical activity behaviour were not taken into
account. Our analyses are the first to show an association between long-term changes in regular physical
activity and all-cause mortality in subjects with COPD. A decline to a low physical activity level was
associated with the highest all-cause mortality risk in subjects with and without COPD. Moreover, it seems
that being moderately physically active may already have important beneficial consequences in subjects with
and without COPD. However, in subjects with COPD with a low physical activity level at baseline, no
beneficial effect of increased physical activity at follow-up was seen. This suggests that once subjects with
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COPD become physically inactive, the high mortality risk cannot be reversed by increasing activity levels.
Thus, in subjects with COPD it is of clinical importance to remain at a moderate to high physical active level.

Given the association between reduced physical activity and important health-related outcomes [8, 10, 25],
as well as the findings of this study, an adequate physical activity level should already be encouraged in
subjects with mild COPD. Structured exercise programmes seem to be beneficial in increasing physical
activity; however, results are not uniform and long-term data are lacking [27]. Since it is important that
subjects with COPD integrate physical activity in their daily life, education and counselling should be an
important component of programmes targeting physical activity. Indeed, it has previously been shown that
activity monitor-based counselling has a beneficial effect on physical activity and health-related outcomes in
patients with chronic diseases [28]. Stimulating physical activity and prevention of a sedentary lifestyle in
the earliest stages of COPD may not only result in less adverse health-related consequences and a reduction
in healthcare utilisation and costs [8], but also in better survival.

The results of our study may be affected by several limitations. The inclusion of subjects with at least two
consecutive examinations may have caused a certain degree of selection bias, as we will have selected the
healthiest subjects for analyses. Furthermore, the assessment of physical activity by a questionnaire may
represent a subjective level of physical activity. However, it has previously been shown that self-reported
measures are fairly accurate of changes in physical activity in large epidemiological studies [29], and it is
probably the only way to collect repeated data in such large sample sizes over time. Moreover, the large
sample size in this study compensates any degree of nondifferential misclassification of subjects [30].
Finally, the questionnaire used in the CCHS to assess physical activity fulfils the criteria of a patient-
reported outcome questionnaire [19]. Questions and answer options could easily be interpreted and
completed by the participants, subjects’ physical activity behaviour was measured without interpretation
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from anyone else, and this questionnaire was able to detect clinically relevant changes in physical activity
(fig. 3). As such, it provides important results to subjects with COPD and their healthcare providers in
order to make proper, patient-centred treatment decisions, including lifestyle modifications [31].

The used sample is regarded as representative for the Danish population. It might be argued whether our
results can be generalised to other populations, for example those who cycle less. With regard to the
possibility of residual confounding factors, our results have been adjusted for all available risk factors. It is
plausible that other factors not included in the CCHS data (e.g. diet and objectified comorbidities) may also
contribute to changes in physical activity. In addition, we did not adjust for changes in FEV1 and BMI, since
we believe that these are mediators rather than confounders. Nevertheless, additional analyses showed that
the small nonsignificant changes in FEV1 and BMI over time do not contribute significantly to the final
multivariate model as presented in tables 4, E8 and E9.

Although a longitudinal study design can limit the effect of reverse causality, it might still be present.
However, a previous study showed that earlier reported associations from the CCHS were not due to time-
dependent confounding [32].

To conclude, our results show that subjects with COPD not only reported a lower physical activity level
compared to subjects without COPD, but are also more likely to decrease their level of physical activity over
time. Moreover, subjects with a decline to a low physical activity level at follow-up had a higher all-cause
mortality risk than subjects who remained or increased regular physical activity compared to baseline.
However, the beneficial effect of increasing physical activity did not apply to subjects with COPD who were
physically inactive at baseline. Therefore, these observational data suggest that it is important to assess and
encourage regular physical activity at the earliest stages of COPD in order to maintain a physical activity
level that is as high as possible, as this is associated with a better prognosis.
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