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Abstract
Background: Promotion of a healthy lifestyle and non-pharmacological interventions in the treatment of chronic
obstructive pulmonary disease (COPD) has received great attention in recent decades. The aim of this study was to
investigate trends in leisure time physical activity (PA), smoking, alcohol consumption and body mass index (BMI)
from 2000 to 2010 in Danish individuals with and without COPD.
Methods: Analyses were based on data provided by The Danish Health and Morbidity’s three cross-sectional
surveys from 2000, 2005 and 2010. Data compromised level of leisure time PA, smoking, alcohol consumption, BMI
and sociodemographic characteristics. Participants aged 25 years or older with and without COPD were included in
the analyses.
Results: In multiple logistic regression analyses, odds ratio (OR) of being physically active in the leisure time in 2010
compared to 2000 was 1.70 (95 % CI: 1.28-2.26), p < 0.001, and 1.32 (1.22-1.43), p < 0.001, in participants with and
without COPD, respectively. Being a non-smoker in 2010 compared to 2000 was associated with an OR of
1.41 (1.07-1.85), p = 0.015, and 1.73 (1.63-1.85), p < 0.001, in participants with and without COPD. The OR of not exceeding
national recommended alcohol limits was 0.64 (0.45-0.93), p = 0.020, and 1.19 (1.09-1.29), p < 0.001, in participants with
and without COPD. In a multiple linear regression analysis, the time frame from 2000 to 2010 was associated with an
increased BMI of 1.18 kg · m−2 (0.52-1.84), p < 0.001, and 0.74 kg · m−2 (0.63-0.86), p < 0.001, in participants with and
without COPD. The COPD participants with higher levels of education and/or living in a marriage or a relationship
were more likely to be physically active, non-smoking and not exceeding the recommended alcohol limits.
Conclusion: From the 2000 to 2010, Danish individuals aged 25 years with and without COPD, increased their leisure
time PA level and reduced smoking. Lower socioeconomic status was associated with a reduced level of PA, smoking
and an increased alcohol intake. Future national health campaigns and treatment strategies need to target this
socioeconomic impact. The reported increased PA level and reduced smoking may have important implications in
relation to a reduced morbidity and mortality risk in Danish patients with COPD.
Keywords: Chronic obstructive pulmonary disease, Physical activity, Time trend, Denmark
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Background
Physical activity (PA) is a recognized cornerstone in the
treatment of patients with chronic obstructive pulmonary disease (COPD) [1–4]. Whilst several studies have
reported effects of physical training on physical capacity
and quality of life in patients with COPD [3, 5], results
from studies on the effect of physical training on PA in
patients with COPD are inconsistent [1, 6, 7]. Physical
activity has the potential to prevent or delay onset of
other chronic diseases, and indeed in patients with
COPD, PA is associated with a relatively reduced risk of
hospitalization and death [5, 8–11]. The level of daily PA
is, however, remarkably reduced in individuals with
COPD compared to healthy individuals [12, 13].
Whilst PA is an important element in the treatment of
COPD, smoking cessation is crucial in the treatment and
prevention of progression of the disease [4]. Furthermore, a relatively high amount of alcohol consumption
and to some degree overweight and obesity is associated
with an impaired health condition in patients with
COPD as in the general population [14, 15]. Indeed
physical inactivity, smoking, alcohol consumption and
obesity are cardiovascular risk factors and associated
with the onset of other chronic diseases including type 2
diabetes, hypertension and dyslipidaemia [10, 15]. Thus,
general health campaigns and pulmonary rehabilitation
programmes focus on PA, smoking cessation, a limited
alcohol intake and a balanced caloric intake.
Whilst the mortality rate has remained unchanged in
Danish patients with COPD with approximately 3,500
deaths in 2001 and 3,330 deaths in 2010, the hospital
admissions related to COPD were reduced from 22,000
admission in 2001 to 16,000 in 2010 [14, 15]. The reduction in hospitalizations among patients with COPD may
be the result of an improved pharmacological treatment,
general health campaigns, pulmonary rehabilitation
programmes and other non-pharmacologic treatments
[1, 4]. It is however not known, whether the patients’
level of PA, percentage of smokers, level of alcohol
intake and body weight have changed during the above
mentioned time frame.
The primary aim of this study was to investigate
whether the level of leisure time PA changed in Danish
adults with COPD in the period from 2000 to 2010. In
addition, we investigated the trends of smoking, alcohol
consumption and body mass index (BMI) during the
same time frame. The data from participants with COPD
are presented in parallel with data from a Danish population without reported COPD.
Methods
The data in the present study were provided by The
Danish Health and Morbidity Surveys, National Institute
of Public Health, University of Southern Denmark [16].
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The Danish Health and Morbidity Surveys are nationwide
validated surveys conducted every 5 years with approximately 15,000 respondents aged 16 years or older. The
survey samples are randomly drawn from the Danish
population, registered in the Danish Civil Registration
System. In this study, we included data from participants
with a minimum age of 25 years from The Danish Health
and Morbidity Surveys three cross-sectional analyses from
2000, 2005 and 2010. Data were collected from selfadministrated questionnaires and personal interviews in
2000 and 2005 (response rates 74.2 and 66.7 %, respectively), whereas data from 2010 were collected using selfadministrated questionnaires (response rate 59.5 %).
Written informed consent for participation in the study
was obtained from participants before conducting personal interview or self-administrated questionnaires. All
data were self-reported and included age, gender, leisure
time PA, smoking, alcohol consumption, BMI, level of
education, marital status and COPD. Leisure time PA was
categorised into four levels: inactive (sedentary leisure
activities); moderate active (minimum 4 h of moderate
activity weekly as walking, cycling etc.); medium active
(minimum 4 h exercise training weekly); and high active
(strenuous activity or exercise training several times a
week). In order to stratify the participants into being
‘inactive’ or ‘active’, the three highest levels of leisure time
PA (‘moderate’, ‘medium’ and ‘high active’) were combined
into one level [17]. Smoking status was categorised as being current smoker or not. Alcohol consumption was
evaluated using Danish national maximal recommendations and categorized as exceeding alcohol limits or not,
respectively 7 alcoholic drinks within the past week for
females, and 14 drinks for males. Level of education was
categorised as: <10 years (~basic school); 10–12 years
(~high school); and +13 years (~university). Body mass
index (kg.m−2) was used to estimate body weight. Marital
status was categorised and analysed as: “living alone”,
“living with partner or being married”. Type of COPD
(emphysema, chronic bronchitis and bronchiestasis),
COPD severity (GOLD I, II, III, IIII) and classification
(Group A, B, C and D) were not reported and data were
analysed as participants with “COPD” and “non-COPD”.
The study was in accordance with the approval of the local
ethical committee and the Danish Data Protection Agency.
Statistic

Statistical analyses were carried out using PASW® IBM
SPSS Statistics 22. Unadjusted time changes in continuous data were analysed using one-way ANOVA, and in
categorical data a Chi [2] test were used. Unadjusted differences between participants with and without COPD
were analysed using Student’s t-test and Chi [2] test.
Multiple regression analyses were conducted to control
for confounders in time changes in participants with and
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without COPD. In the regression analyses year 2000 was
used as reference of the time changes 2000–2005 and
2000–2010, whereas 2005 was reference in the analyses
of 2005–2010. Independent variables included in the
time period was age, gender, living with a partner or not,
BMI, level of education. As BMI have different reference
intervals in the two samples of participants, separated
regression analyses were conducted in COPD and nonCOPD participants. Estimates of changes in the categorical
variables leisure time PA, smoking and alcohol consumption were tested using logistic regression analyses, and
effects on the continuous variable BMI were tested using a
linear model. All models were tested with and without
two-way interactions between the time changes and the
other independent variables to investigate whether the
associations had interactions between time changes and
e.g. gender or age. As there were no significant differences
between models with and without interactions, these were
not included in the results. Data are presented as the
numbers and percentages, the mean ± standard deviation
(SD), odds ratio (OR) and confidence interval (CI), or effect
size and CI. All tests were two-tailed at a significance level
of p ≤ 0.05.

Results
The characteristics of the participants are presented in
Table 1. The prevalence of COPD in the studied populations was 3.3 % in 2000, 3.7 % in 2005 and 5.2 % in
2010. The COPD participants were older compared to
the non-COPD participants in the three analysed periods. Both groups consisted fewer males than females.
The level of education and percentages of subjects, who
were married or living with a partner increased from
2000 to 2010 in COPD as in non-COPD participants.
The level of education and percentages of subjects who
were married or living with partner were consistently
lower in participants with COPD compared to the nonCOPD participants.
Change in leisure time physical activity

The percentages of participants, who were physically
active in their leisure time increased significantly from
2000 to 2010 in the COPD and in the non-COPD populations (Table 1). The COPD participants were less engaged in leisure time PA compared with the non-COPD
participants from 2000 to 2010.
In the adjusted regression analyses an increased level
of PA was found to be associated with the observed
period from 2000 to 2010 in COPD and in non-COPD
populations (OR 1.70 (95 % CI: 1.28-2.26) and OR 1.32
(95 % CI: 1.22-1.43), respectively). Whilst the period
from 2000 to 2005 was associated with an increased
level of PA, 2005 to 2010 was not associated with a
change in the level of PA.
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Being physically active was negatively associated with
smoking, increasing age and elevated BMI in both
COPD and non-COPD participants. An elevated alcohol
consumption was negatively associated with PA in the
COPD participants (Table 2). In all participants, being
married or living with a partner, and elevated level of
education was associated with being physically active.
Gender was not associated with leisure time PA in the
adjusted analysis (Table 2).
Change in smoking habits

From 2000 to 2010 the percentages of smokers decreased in the COPD and the non-COPD participants
(Table 1). The COPD participants comprised relatively
more current smokers compared with the non-COPD
participants throughout the observed period.
The estimates of being a non-smoker are presented in
Table 3. There were associations between not smoking
currently and the period from 2000 to 2010 in the
COPD participants (OR 1.41 (95 % CI: 1.07-1.85)) and in
the non-COPD participants (OR 1.73 (95 % CI: 1.63-1.85)).
Being a non-smoker was found to be associated with
increasing age, elevated BMI, being married or living with
a partner and an elevated level of education, whereas nonsmoking was negatively associated with elevated alcohol
consumption, physical inactivity and being male in COPD
and non-COPD participants (Table 3).
Change in alcohol consumption

The percentages of subjects, who exceeded the recommended alcohol limit, were unchanged from 2000 to
2010 in the participants with COPD, whereas a significant peak in 2005 was observed in the non-COPD participants (Table 1).
In the adjusted analyses, not exceeding the alcohol
limits was negatively associated with the period from
2000 to 2010 in COPD populations (OR 0.64 (95 % CI:
0.45-0.93)), whereas a reverse association was found in
the non-COPD populations in from 2000 to 2010
(OR 1.19 (95 % CI: 1.09-1.29).
Being current smoker, being male and a higher level of
education were negatively associated with not exceeding
the alcohol limit in all participants. In addition, physical
inactivity was negatively associated with not exceeding the
alcohol limit in the non-COPD participants (Table 4).
Change in body mass index

During the period from 2000 to 2010 BMI increased in
the unadjusted analyses in all participants with the exception of females with COPD. The mean BMI were
comparable between the COPD and non-COPD participants (Table 1).
The results from the adjusted analysis on the effects
on BMI are presented in Table 5. The period from 2000
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Table 1 Characteristics of participants with and without COPD in the years 2000, 2005, and 2010
Variable

2000

2005

2010

265 (55.3)

289 (59.2)

312 (47.9)

p

Participants (n (%))
COPD females
COPD males

214 (44.7)

199 (40.8)

339 (52.1)

Non-COPD females

7141 (51.1)

6500 (51.4)

6385 (53.5)

Non-COPD males

6840 (48.9)

6148 (48.6)

5556 (46.5)

COPD females

59.5 ± 15.1***

61.6 ± 12.8***

63.3 ± 12.9***

0.004

COPD males

62.8 ± 15.3***

64.6 ± 12.2***

64.3 ± 12.8***

0.296

Non-COPD females

50.4 ± 16.7

51.7 ± 16.4

51.9 ± 15.2

<0.001

Non-COPD males

49.4 ± 15.6

50.6 ± 15.4

52.7 ± 14.8

<0.001

Age (years)

Marital status (n (%))
COPD females

0.207

Married/living with partner

140 (53.2)***

159 (55.2)***

184 (60.3)***

Living alone

123 (46.8)***

129 (44.8)***

121 (39.7)***

Married/living with partner

139 (65.0)***

152 (76.4)

234 (70.5)***

Living alone

75 (35.0)***

47 (23.6)

98 (29.5)***

COPD males

0.039

Non-COPD females

<0.001

Married/living with partner

5101 (71.8)

4699 (72.3)

4689 (75.1)

Living alone

2004 (28.2)

1801 (27.7)

1551 (24.9)

Married/living with partner

5260 (77.1)

4828 (78.2)

4466 (81.3)

Living alone

1560 (22.9)

1316 (21.4)

1029 (18.7)

133 (50.6)***

145 (50.9)***

113 (37.9)***

Non-COPD males

<0.001

Educational level (n (%))
COPD females
< 10 years

<0.001

10-12 years

117 (44.5)***

117 (41.1)***

135 (45.3)***

13+ years

13 (4.9)***

23 (16.8)***

50 (16.8)***

88 (41.7)***

52 (26.4)***

91 (27.5)***

COPD males
< 10 years

<0.001

10-12 years

105 (49.8)***

117 (59.4)***

177 (53.5)***

13+ years

18 (8.5)***

28 (14.2)***

63 (19.0)***

1944 (27.5)

1442 (22.5)

906 (14.6)

Non-COPD females
< 10 years

<0.001

10-12 years

3664 (51.8)

3259 (50.8)

3012 (48.5)

13+ years

1464 (20.7)

1709 (26.7)

2293 (36.9)

1405 (20.8)

982 (16.2)

676 (12.4)

Non-COPD males
< 10 years

<0.001

10-12 years

3931 (58.1)

3612 (59.8)

2999 (55.1)

13+ years

1431 (21.1)

1450 (24.0)

1767 (32.5)

Leisure time physical activity (n (%))
COPD females

0.002

Moderate/highly active

161 (62.2)***

206 (72.3)***

231 (75.5)***

Inactive

98 (37.8)***

79 (27.7)***

75 (24.5)***
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Table 1 Characteristics of participants with and without COPD in the years 2000, 2005, and 2010 (Continued)
COPD males

0.002

Moderate/highly active

129 (60.8)***

147 (76.6)***

241 (71.7)***

Inactive

83 (39.2)***

45 (23.4)***

95 (28.3)***

Moderate/highly active

5876 (83.2)

5639 (87.5)

5610 (88.6)

Inactive

1190 (16.8)

809 (12.5)

724 (11.4)

Non-COPD females

<0.001

Non-COPD males

<0.001

Moderate/highly active

5719 (84.5)

5285 (87.0)

4900 (88.6)

Inactive

1051 (15.5)

793 (13.0)

630 (11.4)

154 (58.1)***

154 (53.5)***

127 (41.5)***

<0.001

Daily smokers (n (%))
COPD females
COPD males

123 (57.5)***

89 (44.9)***

161 (48.1)***

0.026

Non-COPD females

2260 (31.6)

1752 (26.9)

1152 (18.5)

<0.001

Non-COPD males

2480 (36.3)

1944 (31.6)

1115 (20.3)

<0.001

COPD females

24 (9.1)

32 (11.1)

33 (11.8)***

0.576

COPD males

37 (17.3)

49 (24.7)**

77 (23.8)***

0.123

Non-COPD females

576 (8.1)

708 (10.9)

389 (6.3)

<0.001

Non-COPD males

936 (13.7)

1057 (17.2)

672 (12.4)

<0.001

24.7 ± 5.1

24.8 ± 5.8

25.7 ± 5.6*

0.056

Exceeding alcohol limits (n (%))

−2

Body mass index (kg · m )
COPD females
COPD males

25.7 ± 4.4

26.9 ± 5.1*

26.9 ± 4.9

0.007

Non-COPD females

24.3 ± 4.3

24.7 ± 4.5

25.0 ± 4.9

<0.001

Non-COPD males

25.7 ± 3.6

26.0 ± 3.8

26.4 ± 4.2

<0.001

COPD females

43 (16.6)***

41 (14.3)

56 (18.8)**

0.342

COPD males

28 (13.2)

42 (21.4)***

69 (20.7)**

0.050

Non-COPD females

681 (9.8)

742 (11.5)

827 (13.3)

<0.001

Non-COPD males

708 (10.4)

754 (12.3)

795 (14.5)

<0.001

Obesity, BMI ≥30 kg · m−2 (n (%))

Data are presented as numbers (percentages) or the mean ± SD. Time changes in categorical data were compared using Chi [2] and time changes in continues
data were compared using one-way ANOVA. Participants with COPD significantly different from participants without COPD tested using a Student’s t-test for
continuous data, and Chi [2] test for categorical data, *p < 0.05, **p < 0.01, and ***p < 0.001

to 2010 was associated with an increased BMI in the
COPD and the non-COPD participants, respectively
1.18 kg · m−2 (95 % CI: 0.52-1.84) and 0.74 kg · m−2 (95 %
CI: 0.63-0.86). In all participants, physical inactivity and
being male was associated with an increase in BMI,
whereas smoking was associated with a reduced BMI.

Discussion
The present study on participants with COPD suggests
that the time frame from 2000 to 2010 was associated
with greater odds of being physically active and being a
non-smoker. Furthermore, the period from 2000 to 2010
was found to be associated with greater odds of exceeding the Danish recommended maximum alcohol intake
and an elevated BMI among participants with COPD.

To our knowledge this is the first study to present an
increased level of PA over a decade in national samples
of participants with COPD. Similar findings of increases
in PA in general population surveys have been reported
in studies from Denmark, Sweden, Finland, England and
Canada in recent decades [18–25]. Individuals with
COPD are significantly less physically active compared
to healthy sex and age matched individuals, even in the
mild stages of COPD [12, 13, 26]. Our study confirms
this assumption, since a markedly greater percentage of
the non-COPD participants reported to be moderate or
highly active compared to the COPD samples. Thus,
Danish persons with COPD remain less a physically active than those without COPD, and there are still a need
to focus on this aspect in national and local treatment
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Table 2 Estimates of being physically active during the leisure time in Danish adults with and without COPD
COPD
Variable

Non-COPD

OR

CI 95 %

p

OR

CI 95 %

P

2000–2005

1.72

1.29; 2.29

<0.001

1.28

1.19; 1.37

<0.001

2005–2010

0.99

0.74; 1.33

0.961

1.04

0.95; 1.13

0.399

Time trends (years)

2000–2010

1.70

1.28; 2.26

<0.001

1.32

1.22; 1.43

<0.001

Age (years)

0.98

0.97; 0.99

<0.001

0.98

0.98; 0.99

<0.001

Body mass index (kg · m−2)

0.96

0.94; 0.98

<0.001

0.95

0.94; 0.95

<0.001

Current smoker

0.64

0.52; 0.86

0.002

0.57

0.53; 0.61

<0.001

Exceeding alcohol limits

0.75

0.54; 1.02

0.069

0.87

0.79; 0.95

0.003

Married/living with a partner

1.45

1.14; 1.85

0.002

1.65

1.54; 1.77

<0.001

Gender (male)

0.97

0.76; 1.24

0.801

1.03

0.97; 1.09

0.364

< 10 vs. 10-12

0.68

0.53; 0.87

0.002

0.64

0.60; 0.69

<0.001

< 10 vs. +13

0.44

0.29; 0.68

<0.001

0.49

0.44; 0.54

<0.001

10-12 vs. +13

0.65

0.43; 0.99

0.048

0.76

0.69; 0.83

<0.001

Education (years)

Odds of being physically active. Multiple logistic regression analysis

strategies. However, the trend of an elevated level of PA
over the covered decade was found to be more pronounced in COPD vs. non-COPD samples when the
OR’s are compared. Indeed the underlying reason to the
presented increased leisure time PA is difficult to point
out. We have two qualifying suggestions to contributing
factors to the increased level of PA: First, our study finding may be the result of a national health campaign promotion of “30 min of PA per day” which began around
the millennium in Denmark. Second, at the same point

of time an increased effort in rehabilitation including PA
to patients with chronic diseases treated in hospitals,
municipalities and in general practitioners was prioritized politically. Indeed the above mentioned general
and chronic disease specific focus on PA may be associated with an elevated level of PA in individuals with
COPD.
Another finding in our study suggests a socioeconomic
impact on the participants’ reported level of PA. The
COPD participants with higher education and/or a

Table 3 Estimates of being a non-smoker in Danish adults with and without COPD
COPD
Variable

Non-COPD

OR

CI 95 %

p

OR

CI 95 %

p

2000–2005

1.22

0.92; 1.61

0.163

1.17

1.11; 1.23

<0.001

2005–2010

1.15

0.88; 1.50

0.294

1.48

1.39; 1.58

<0.001

2000–2010

1.41

1.07; 1.85

<0.015

1.73

1.63; 1.85

<0.001

Time trends (years)

Age (years)

1.05

1.04; 1.05

<0.001

1.01

1.01; 1.02

<0.001

Body mass index (kg · m−2)

1.08

1.05; 1.10

<0.001

1.06

1.06; 1.07

<0.001

Exceeding alcohol limits

0.49

0.36; 0.67

<0.001

0.51

0.47; 0.54

<0.001

Physical activity

0.68

0.53; 0.88

0.003

0.58

0.54; 0.62

<0.001

Married/living with a partner

1.58

1.25; 2.00

<0.001

1.45

1.37; 1.53

<0.001

Gender (male)

0.76

0.60; 0.96

0.021

0.78

0.74; 0.82

<0.001

< 10 vs. 10-12

0.72

0.14; 1.31

0.015

0.72

0.59; 0.84

<0.001

< 10 vs. +13

0.99

0.09; 1.88

0.030

1.63

1.49; 1.77

<0.001

10-12 vs. +13

0.27

−0.58; 1.11

0.536

0.92

0.81; 1.02

<0.001

Education (years)

Odds for not smoking currently. Multiple logistic regression analysis
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Table 4 Estimates of not exceeding the Danish recommended limitations of alcohol intake in Danish adults with and without COPD
COPD
Variable

Non-COPD

OR

CI 95 %

p

OR

CI 95 %

p

2000–2005

0.62

0.42; 0.91

0.014

0.75

0.69; 0.81

<0.001

2005–2010

1.04

0.74; 1.45

0.834

1.58

1.45; 1.72

<0.001

2000–2010

0.64

0.45; 0.93

0.020

1.19

1.09; 1.29

<0.001

Age (years)

1.01

1.00; 1.02

0.031

0.99

0.99; 0.99

<0.001

Body mass index (kg · m )

0.99

0.97; 1.03

0.914

0.99

0.99; 1.01

0.849

Current smoker

0.49

0.36; 0.67

<0.001

0.51

0.48; 0.55

<0.001

Physical activity

0.76

0.56; 1.05

0.095

0.89

0.82; 0.99

0.023

Married/Partner

0.96

0.71; 1.30

0.777

1.11

1.03; 1.20

0.006

Gender (male)

0.45

0.33; 0.61

<0.001

0.57

0.53; 0.61

<0.001

< 10 vs. 10-12

1.23

0.88; 1.70

0.223

1.63

1.48; 1.79

<0.001

< 10 vs. +13

2.25

1.45; 3.48

<0.001

1.82

1.63; 2.03

<0.001

10-12 vs. +13

1.83

1.23; 2.73

0.003

1.12

1.04;1.21

0.004

Time trends (years)

−2

Education (years)

Odds for not exceeding alcohol limits. Multiple logistic regression analysis

partner in a marriage or a relationship were more likely
to be physically active. Furthermore, unhealthy lifestyle
including smoking, exceeding alcohol limits and elevated
BMI reduced the likelihood of being physically active.
This could indicate that future national health campaigns that promote PA should target particularly lower
socioeconomic population groups with i.e. COPD.
The time frame was found to be associated with
reduced smoking in COPD and non-COPD samples.
One such positive trend may be the result of decades’

information campaigns to the general population in a
combination with recent year politics, which have forbidden smoking in a long list of public and private areas.
Reduced smoking among subjects with COPD may not
only affect the mortality rate positively in terms of a
reduced risk, but reduced smoking may also prevent
progressions of the COPD and reduce disease progressions and specific complications. Whilst the time
trend in smoking was the same in samples with or
without COPD, the time period from 2000 to 2010 was

Table 5 Effects on body mass index in Danish adults with and without COPD
COPD
Variable

Non-COPD

Effect

CI 95 %

p

Effect

CI 95 %

p

2000–2005

0.56

−0.11; 1.23

0.102

0.35

0.25; 0.46

<0.001

2005–2010

0.62

−0.22; 1.26

0.059

0.39

0.29; 0.49

<0.001

2000–2010

1.18

0.52; 1.84

<0.001

0.74

0.63; 0.86

<0.001

Age (years)

−0.06

−0.08; −0.04

<0.001

0.01

0.004; 0.01

<0.001

Current smoker

−1.87

−2.42; −1.32

<0.001

−0.98

−1.08; −0.88

<0.001

Time trends (years)

Exceeding alcohol limits

0.04

−0.69; 0.77

0.919

0.00

−0.13; 0.14

0.969

Physical activity

0.93

0.34;1.53

0.002

0.98

0.85;1.11

<0.001

Married/living with a partner

0.13

−0.44; 0.69

0.661

0.34

0,23; 0.44

<0.001

Gender (male)

1.68

1.13; 2.23

<0.001

1.38

1.29; 1.47

<0.001

< 10 vs. 10-12

0.72

0.14; 1.31

0.015

0.72

0.60; 0.84

<0.001

< 10 vs. +13

0.99

0.09; 1.88

0.030

1.63

1.49; 1.77

<0.001

10-12 vs. +13

0.27

−0.58; 1.11

0.536

0.92

0.81; 1.02

<0.001

Education (years)

Effects on BMI. Multiple linear regression analysis
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associated with elevated odds of exceeding the recommended maximum alcohol intake in samples with
COPD, whereas the odds were reduced in non-COPD
participants. We hypothesize that these different associations may be related to the participants’ level of education. Recent Danish general health campaigns have not
only focused on the benefits of PA and smoking cessation but also on a reduced alcohol intake. However, traditional health campaigns may have the most pronounced
effect in individuals with a higher level of education.
Thus, as a result of the reduced educational level in participants with COPD compared to those without COPD,
a reduction in the alcohol intake may primarily be found
in the higher educated non-COPD samples in the covered decade. The association between the time period
from 2000 to 2010 and the elevated BMI was found in
COPD and in non-COPD participants. It is likely that an
elevated BMI is preferable in underweight individuals
with COPD. However, in this study ~20 % of the participants with COPD were in 2010 found to be obese, a
finding that needs attention in clinical practice as obesity
is associated with other chronic diseases including type
2 diabetes, hypertension and dyslipidemia.
The present positive time trend in elevated level of PA
and reduced smoking in individuals with COPD may
have important clinical implications. An increased level
of PA and reduced smoking are associated with reduced
morbidity and mortality [4, 10, 11, 27–30]. Thus, if the
mortality rate in Danish COPD samples will decrease
after the 2010 it may be associated with elevated level of
PA and reduced smoking. On the other hand, an impact
on the mortality rate may also be associated negatively
with the reported greater alcohol intake and obesity. Another positive effect of the increase in PA could be an
improvement in physical function. Many patients with
COPD may have a reduced physical function related to
daily activities as a result of reduced PA and reduced
muscle strength. The patients’ muscle strength may be
reduced by muscle atrophy caused by elevated levels of
TNF-α and other cytokines and physical inactivity. The
importance of the prevention of loss of physical functions is very important now and in the future with the
increasing number of older persons all over the world.
The present study had several strengths. The data
were collected from a nationally representative survey to
monitor status and development in health related behavior in Denmark, and the COPD prevalence was stable
over time and corresponds to national reported data
ranging from 4–6 % in the analyzed time period [14].
Furthermore, the observed changes covered a period of
a whole decade. On the other hand, the study has some
important methodological limitations due to the nature
of the protocol. The results may be biased due to the absence of data from non-responders and a reduced
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response rate in 2010 compared to the two earlier cohorts, which may have resulted in analyses of selected
samples without being representative. Another important limitation in the study is that COPD severity not
was reported by the participants. Finally, self-reported
data used as a measure of change in PA, smoking, alcohol habits and BMI do not have the same validity as data
obtained during directly measurements or observations.
However, this is often not feasible in nationwide representative surveys due to extensive cost.

Conclusion
In conclusion, this study found that the time frame from
2000 to 2010 was associated with an elevated level of
leisure time PA and reduced smoking in Danish participants with and without COPD included in three nationwide surveys. The positive trends in self-reported PA
and smoking habits may have important clinical implications in terms of reduced morbidity and mortality.
Whilst the time trend was associated with more participants with COPD who exceeded the recommended national maximum of alcohol intake, the time trend was
associated with a reduced alcohol intake in participants
without COPD. The positive trend in elevated level of
PA and reduced smoking may be the result of national
general health campaigns and COPD specific rehabilitation programs.
Abbreviations
BMI, body mass index; CI, confidence interval; COPD, chronic obstructive
pulmonary disease; OR, odds ratio; PA, physical activity; SD, standard deviation
Acknowledgements
We thank statistician Andreas Emil Kryger Jensen, Section of Biostatistics
University of Copenhagen for analytical support.
Funding
This research received no specific grant from any funding agency in the
public, commercial, or not-for- profit sectors.
Availability of data and materials
Data and materials are drawn from the National Institute of Public Health
database, in specific the National health Interview Surveys. The National Institute
of Public Health has authorization of the data. Data access can be found via this
link with contact to Professor Ola Ekholm. http://si-folkesundhed.dk/Forskning/
Befolkningens%20sundhedstilstand/Sundhed%20og%20sygelighed%20SUSY.
aspx?lang=en.
Authors’ contributions
HH: design, analysis, interpretation, revising manuscript draft, primary author.
NFJ: revising manuscript draft, approval of version to be published. SM: design,
acquisition of data, analysis, interpretation, revising manuscript draft. All authors
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study was approved by the National Ethical Committee and the Danish
Data Protection Agency.

Hansen et al. BMC Pulmonary Medicine (2016) 16:110

Author details
1
Research Unit for Chronic Diseases and Telemedicine, University Hospital
Bispebjerg and Frederiksberg, Bispebjerg Bakke 23, 2450 Copenhagen, NV,
Denmark. 2National Institute of Public Health, University of Southern
Denmark, Øster Farimagsgade 5A, 2, Sal 1353 Copenhagen K, Denmark.
3
Department of Clinical Research, Northzealands Hospital, Dyrehavevej 29,
3400 Hillerød, Denmark.
Received: 30 March 2016 Accepted: 8 July 2016

References
1. Spruit MA, Singh SJ, Garvey C, et al. An official American thoracic society/
European respiratory society statement: Key concepts and advances
in pulmonary rehabilitation. Am J Respir Crit Care Med. 2013;188(8).
doi:10.1164/rccm.201309-1634ST.
2. Uk JB, Woodcock A, Knight A, et al. BTS guideline on pulmonary rehabilitation in
adults. An Int J Respir Med. 2013;68(2):ii1–ii31. doi:10.1136/thoraxjnl-2013-203808.
3. McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y. Pulmonary
rehabilitation for chronic obstructive pulmonary disease (Review). Cochrane
Libr 2015. 2015;(2). doi:10.1002/14651858.CD003793.pub3.
4. Roisin RR. Chronic Obstructive Pulmonary Disease Updated 2010 Global
Initiative for Chronic Obstructive Lung Disease - update 2016. Glob Initiat
Chronic Obstr Lung Dis Inc. 2010:1-94.
5. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing
exercise as therapy in 26 different chronic diseases. Scand J Med Sci Sports.
2015;25 Suppl 3:1–72. doi:10.1111/sms.12581.
6. Spruit MA, Pitta F, McAuley E, ZuWallack RL, Nici L. Pulmonary rehabilitation and
physical activity in patients with chronic obstructive pulmonary disease. Am J
Respir Crit Care Med. 2015;192(8):924–33. doi:10.1164/rccm.201505-0929CI.
7. Cindy Ng LW, Mackney J, Jenkins S, Hill K. Does exercise training change
physical activity in people with COPD? a systematic review and meta-analysis.
Chron Respir Dis. 2012;9(1):17–26. doi:10.1177/1479972311430335.
8. Vaes AW, Garcia-Aymerich J, Marott JL, et al. Changes in physical activity
and all-cause mortality in COPD. Eur Respir J. 2014;44(5):1199–209.
doi:10.1183/09031936.00023214.
9. Garcia-Aymerich J, Lange P, Benet M, Schnohr P, Antó JM. Regular physical
activity reduces hospital admission and mortality in chronic obstructive
pulmonary disease: a population based cohort study. Thorax. 2006;61(9):772–8.
doi:10.1136/thx.2006.060145.
10. Lee IM, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity on major noncommunicable diseases worldwide: an analysis of burden of disease and life
expectancy. Lancet. 2012;380(9838):219–29. doi:10.1016/S0140-6736(12)61031-9.
11. 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):731–9. doi:10.1136/thoraxjnl-2013-204763.
12. Van Remoortel H, Hornikx M, Demeyer H, et al. Daily physical activity in
subjects with newly diagnosed COPD. Thorax. 2013;68(10):962–3.
doi:10.1136/thoraxjnl-2013-203534.
13. Troosters T, Sciurba F, Battaglia S, et al. Physical inactivity in patients with
COPD, a controlled multi-center pilot-study. Respir Med. 2010;104(7):1005–11.
doi:10.1016/j.rmed.2010.01.012.
14. Ekholm O, Kjøller M, Davidsen M, Hesse U, Eriksen L, Christensen AI GM.
Sundhed Og Sygelighed I Danmark 2005 & Udviklingen Siden 1987.
Copenhagen: National Institute of Public Health, University of Southern
Denmark; 2006.
15. Flachs EM, Eriksen LKM, Ryd JT, Dibba E, Skov-Ettrup LJK. Sygdomsbyrden I
Danmark 2015. Copenhagen: National board of Health; 2015.
16. Ekholm O, Hesse U, Davidsen M, Kjøller M. The study design and
characteristics of the Danish national health interview surveys. Scand J
Public Health. 2009;37(7):758–65. doi:10.1177/1403494809341095.
17. Saltin B, Grimby G. Physiological analysis of middle-aged and old former
athletes. Comparison with still active athletes of the same ages. Circulation.
1968;38(6):1104–15. http://www.ncbi.nlm.nih.gov/pubmed/5721960.
Accessed 16 Mar 2016.
18. Orsini N, Bellocco R, Bottai M, Pagano M, Wolk A. Age and temporal trends
of total physical activity among Swedish women. Med Sci Sports Exerc.
2006;38(2):240–5. doi:10.1249/01.mss.0000185086.19220.b3.
19. Norman A, Bellocco R, Vaida F, Wolk A. Age and temporal trends of total
physical activity in Swedish men. Med Sci Sports Exerc. 2003;35(4):617–22.
doi:10.1249/01.MSS.0000058357.23080.F4.

Page 9 of 9

20. Stamatakis E, Ekelund U, Wareham NJ. Temporal trends in physical activity
in England: the health survey for England 1991 to 2004. Prev Med (Baltim).
2007;45(6):416–23. doi:10.1016/j.ypmed.2006.12.014.
21. Borodulin K, Laatikainen T, Juolevi A, Jousilahti P. Thirty-year trends of
physical activity in relation to age, calendar time and birth cohort in Finnish
adults. Eur J Public Health. 2008;18(3):339–44. doi:10.1093/eurpub/ckm092.
22. Craig CL, Russell SJ, Cameron C, Bauman A. Twenty-year trends in physical
activity among Canadian adults. Can J public Heal. 2004;95(1):59–63.
http://www.ncbi.nlm.nih.gov/pubmed/14768744. Accessed 5 Feb 2016.
23. Petersen CB, Thygesen LC, Helge JW, Grønbaek M, Tolstrup JS. Time trends
in physical activity in leisure time in the Danish population from 1987 to
2005. Scand J Public Heal. 2010;38(2):121–8. doi:10.1177/1403494809357098.
24. Knuth AG, Hallal PC. Temporal trends in physical activity: a systematic
review. J Phys Act Heal. 2009;6(5):548–59.
25. Hallal PC, Andersen LB, Bull FC, et al. Global physical activity levels:
Surveillance progress, pitfalls, and prospects. Lancet. 2012;380(9838):247–57.
doi:10.1016/S0140-6736(12)60646-1.
26. Waschki B, Kirsten AM, Holz O, 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. doi:10.1164/rccm.201501-0081OC.
27. Godtfredsen NS, Vestbo J, Osler M, Prescott E. Risk of hospital admission for
COPD following smoking cessation and reduction: a Danish population
study. Thorax. 2002;57(11):967–72. http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=1746230&tool=pmcentrez&rendertype=abstract.
Accessed 23 Dec 2015.
28. Pisinger C, Godtfredsen NS, Jørgensen T. Smoking reduction and cessation
reduce chronic cough in a general population: the Inter99 study. Clin Respir
J. 2008;2(1):41–6. doi:10.1111/j.1752-699X.2007.00029.x.
29. Schnohr P, Lange P, Scharling H, Jensen JS. Long-term physical activity in
leisure time and mortality from coronary heart disease, stroke, respiratory
diseases, and cancer. The Copenhagen City heart study. Eur J Cardiovasc
Prev Rehabil. 2006;13(2):173–9. doi:10.1097/01.hjr.0000198923.80555.b7.
30. Wen CP, Wai JPM, Tsai MK, et al. Minimum amount of physical activity for
reduced mortality and extended life expectancy: a prospective cohort study.
Lancet. 2011;378(9798):1244–53. doi:10.1016/S0140-6736(11)60749-6.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

