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Due to modern lifestyles, physical activity (PA) has decreased at a population level, resulting in health
concerns worldwide. Increased level of PA can reduce mortality and morbidity in pulmonary diseases,
such as asthma and chronic obstructive pulmonary disease (COPD). Many previous studies on the
association between pulmonary function and PA assessed PA by questionnaires. We aimed to study the
cross-sectional association between pulmonary function and objectively measured PA and sedentary
behavior (SB) in population-based data. A total of 4729 subjects participated in the Health 2011 survey,
which represents the Finnish adult population. Of these, 1511 completed spirometry and the required
4-day accelerometer wear time. Spirometry values of forced expiratory volume in 1s (FEV1) and forced
vital capacity (FVC) were determined. We compared the differences in daily PA measured with triaxial
accelerometer between those with obstructive or restrictive spirometry results (defined as FEV1/FVC

< -1.65 z-score, lower limit of normal [LLN] and FVC < -1.65 z-score, respectively) and those with

FEV1 < -1.65 z-score to those with normal spirometry in adjusted logistic regression analysis. Airway
obstruction, pulmonary restriction, and FEV1 < LLN were associated with less time spent in moderate
(adjusted odds ratio [OR] 0.63, 95% confidence interval [CI] 0.40-0.99; OR 0.65, 95% Cl 0.43-1.00; OR
0.58, 95% Cl 0.39-0.87, respectively) and moderate-to-vigorous level of PA (OR 0.65, 95% Cl 0.43-0.98;
OR0.63, 95% Cl 0.42-0.94; OR 0.56, 95% Cl 0.38-0.82, respectively). Those with restrictive spirometry
had greater time spent sedentary and a lower daily step count when compared to those with normal
spirometry. Respective ORs with 95% Cls were 1.09 (1.01-1.19) and 0.85 (0.75-0.96). Our results

show the association between impaired pulmonary function and measured lower level of daily PA.
Restriction associated with greater time spent sedentary and a lower daily step count when compared
with those with normal spirometry, airway obstruction, and FEV1 < LLN.
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BMI Body mass index

CI Confidence interval

COPD Chronic obstructive pulmonary disease
DALY Disability-adjusted life-year

FEV, Forced expiratory volume in one second
FvVC Forced vital capacity

LLN Lower limit of normal

MAD Mean amplitude deviation

MET Metabolic equivalent
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mMRC  Modified Medical Research Council
MVPA Moderate-to-vigorous physical activity

OR Odds ratio

SB Sedentary behavior
SD Standard deviation
PA Physical activity

VO, Oxygen consumption

Chronic obstructive pulmonary disease (COPD) and asthma are both global public health problems and
central causes of morbidity, mortality, and healthcare expenses. In 2017, COPD accounted for 1068/100 000
disability-adjusted life-years (DALYs); the corresponding value for asthma was 298/100 000'-*. COPD originates
from exposure to tobacco smoke or pollution. No such exposure is necessarily observed in asthma, excluding
allergens’®. The mostimportant comorbiditiesin COPD include cardiovascular diseases and metabolic syndrome;
in asthma these are allergic rhinitis and obesity. COPD tends to be more prevalent in older individuals, while
asthma is common across all age groups®. Causes for pulmonary restriction include diseases such as pulmonary
fibrosis, chest-wall disorders, and obesity, with varying prevalence and clinical symptoms. Generally, a restrictive
spirometry pattern is associated with several comorbidities, such as diabetes and metabolic syndrome™®.

Modern lifestyles have resulted in low volume of physical activity (PA), which is a major health risk worldwide
and in Finland’. In Finland, the general children and adult population tends to be sedentary during most waking
hours, and only proportion fulfills the recommendations of weekly PA3-1%. Physical inactivity results in an
elevated risk of non-communicable diseases, increasing morbidity, work disability, premature retirement, and
mortality! 12,

As smoking cessation and avoiding overweight are crucial in preserving long-lasting pulmonary health, PA
seems to be vital in decreasing mortality and morbidity in pulmonary diseases'*°. In COPD, daily PA reduces
hospital visits and decreases mortality®!#1%17. People with asthma seem to benefit from daily PA also in the
long term, as PA is associated with slower rate of deterioration of pulmonary function'®!”. The association
of a restrictive spirometry pattern and self-reported PA has been recognized previously in population-based
studies?®?!. During the last decades, planned, systematic, pulmonary rehabilitation has become a central tool in
the management of COPD and other pulmonary diseases?>?>.

Many previous studies analyzing the association of PA and pulmonary function have concerned small
or specific populations'®?4-28, Most of the larger studies investigating these associations at the population
level assessed PA by questionnaires and revealed an association between self-reported PA and pulmonary
function?*-3*. However, self-reported PA tends to be inaccurate and the participants overestimate their PA level
and underestimate time spent sedentary®>*¢. Only a few studies have investigated objectively measured, daily
PA and pulmonary function in population-based sample of adults and the results claim for confirmation*37-3,

Our aim was to study the association of impaired pulmonary function and objectively measured PA and
sedentary behavior (SB) in a sample representing Finnish adult population.

Methods
Participants
The Finnish Institute for Health and Welfare coordinated a large health examination survey representing the
Finnish adult population in 2000 (Health 2000)%. In 2011, those invited in the original Health 2000 survey and
living in Finland were invited to a follow-up survey, Health 2011%. This study considers those aged > 30 years
(n=7964) from the Health 2011 sample. Of these, 59% (n=4729) participated in the Health 2011 survey (Fig. 1).

A Physical Activity and Fitness sub-study (PA sub-study) was managed in 2011 together with the UKK
Institute for Health Promotion Research (UKK institute)?’. Of the 4821 (59% of the invitees in Health 2011)
participants invited, 2455 (51%) attended the PA sub-study. The participants of the PA sub-study participated in
tests and interviews to study physical ability and habits of PA and exercise, such as measurement of PA and SB
by accelerometry.

This study included the 1511 individuals who wore the accelerometer for at least 4 consecutive days in the PA
sub-study and completed spirometry.

The Health 2011 Survey was approved by the Coordinating Ethics Committee of the Hospital District of
Helsinki and Uusimaa. All participants provided written informed consent. All research was performed in
accordance with relevant guidelines and regulations.

Measurements

Questionnaires and interviews

Information on age and sex were collected from the population register. Age was considered as a continuous
factor. Categories of 30-44 years, 45-64 years, and > 65 years are also shown in (Table 1).

Smoking history was gathered in the questionnaire and the following three categories were defined: never
smokers, current smokers, and former smokers (who had continuously smoked more than 1 year and quit at
least 1 month before the survey). No pack years were defined.

Education level was defined according to the questionnaire as lower level (<9 years), medium level (9-12
years), and higher level (>12 years). The Modified Medical Research Council (mMRC) scale points were
determined by the questions considering breathlessness in the questionnaire. Information on asthma, COPD,
and comorbidities (acute myocardial infarction, angina pectoris, heart failure, other heart disease, stroke,
rheumatoid arthritis, arthrosis, diabetes, and cancer) were collected by asking the participants if a physician had
ever diagnosed them with each of the diseases and then categorized as having a disease or not.
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Fig. 1. Flow chart of the participants. PA physical activity.

Anthropometric measurements

Height and weight were measured and body mass index (BMI, kg/m?) was determined accordingly. BMI was
considered as a continuous factor in the analyses. BMI was also categorized as follows: <25 kg/m? (normal
weight or under), 25-29.9 kg/m? (overweight), and > 30 kg/m? (obese) (Table 1).

Spirometry

Medikro SpiroStar flow-volume spirometer and Medikro Spiro2000 software were applied for spirometry
measurements in the Health 2011 Survey. The participants completed spirometry after careful instruction
by nurses or laboratory technicians. At least two efforts were made to obtain as consistent curves as possible.
The best results were recorded. The equipment was checked daily before measurements and spirometers were
calibrated regularly*. Results of forced expiratory volume in 1 s (FEV)), forced vital capacity (FVC), and FEV /
FVC were included in the survey. A bronchodilatation test was applied only if FEV,/FVC was <70%. In this
study, we used LLN values of pulmonary function to determine impaired spirometry, and therefore only pre-
bronchodilatation values were applied?®:4!.
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All' Normal lung function” | Airway obstruction® | Pulmonary restriction® | FEV < LLN?
n 1511 1354 66 73 94
30-44 379 (29.7) 347 (30.3) 15(27.8) 14 (21.9) 13 (16.7)
Age, n (%) 45-65 | 538 (42.1) 477 (41.7) 20 (37.0) 32 (50.0) 37 (47.4)
65+ 360 (28.2) 320 (28.0) 19 (35.2) 18 (28.1) 28 (35.9)
‘2(;‘0’;“6“/ men, 856/655 (56.7/43.3) (757;/25/2_8) 3(35/03/3;0) 32/41 (43.8/56.2) ?576?570>
BMI (kg/mz), mean (SD) 26.7 (4.6) 26.7 (4.5) 25.1(3.8) 28.9 (5.5) 27.7 (4.9)
<25 598 (39.6) 537 (39.7) 37 (56.1) 15 (20.5) 32 (34.0)
BMI 25-29.9 | 595 (39.5) 540 (39.9) 23 (34.8) 32 (43.8) 33(35.1)
>30 317 (21.0) 276 (20.4) 6(9.1) 26 (35.6) 29 (30.9)
Never 873 (58.4) 807 (60.1) 27 (42.2) 31 (43.7) 40 (43.0)
Smoking, n (%) Former | 395 (26.1) 347 (25.9) 19 (29.7) 24 (33.8)) 26 (28.0)
Current | 277 (15.0) 188 (14.0) 18 (28.1) 16 (22.5) 27 (29.0)
Lower 136 (9.1) 121 (9.0) 5(7.7) 6(8.5) 11(11.8)
Education, n (%) Medium | 945 (62.9) 844 (62.6) 41 (63.1) 49 (69.0) 63 (67.7)
Higher | 421 (28.0) 383 (28.4) 19(29.2) 16 (22.5) 19 (20.4)
FEV, mean, L (SD) 3.09 (0.87) 3.17 (0.85) 2.45(0.78) 2.20 (0.65) 2.10 (0.59)
FVC mean, L (SD) 3.95(1.07) 4.03 (1.05) 3.90 (1.14) 2.77 (0.73) 3.01 (0.84)
Asthma?* 141 (9.4) 105 (7.8) 21(32.3) 9(12.7) 25 (26.9)
copD* 13 (0.9) 4(0.3) 6(9.2) 2(2.8) 7(7.5)
Chronic bronchitis* 23 (1.5) 18 (1.3) 3 (4.6) 2(2.8) 4 (4.3)
Other pulmonary disease? 63 (4.3) 48 (3.6) 7 (10.9) 7(10.1) 11 (12.1)
AMI* 25(1.7) 21(1.6) 2(3.1) 2(2.8) 3(3.2)
Angina pectoris* 60 (4.0) 51 (3.8) 4(6.2) 5(7.0) 6 (6.5)
Heart failure* 24 (1.6) 16 (1.2) 4(6.2) 5(7.1) 5(5.4)
Other heart disease* 141 (9.5) 123 (9.3) 4(6.3) 11 (15.9) 13 (14.3)
Stroke* 25(1.7) 18 (1.3) 1(1.5) 4(5.6) 6(6.5)
Rheumatoid arthritis* 34(2.3) 30(2.2) 2(3.1) 2(2.8) 2(2.2)
Arthrosis* 376 (25.1) 336 (25.0) 15 (23.1) 21 (29.6) 23 (24.7)
Diabetes* 95 (6.3) 78 (5.8) 2(3.1) 14 (19.7) 12 (12.9)
mMRCscale, mean (SD) 0.48 (0.75) 0.45 (0.72) 0.65 (0.85) 0.87 (0.94) 0.90 (1.02)

Table 1. Participant characteristics. BMI body mass index, FEV, forced expiratory volume in one second,
FVC forced vital capacity, COPD chronic obstructive pulmonary disease, AMI acute myocardial infarction,

mMRC scale modified Medical Research Council. 'All participants who completed required accelerometer use
and spirometry. 2Those who had FEV1, FVC and FEV1/FVC >-1.65 (LLN). 3Groups were not exclusive of each
other. 4Self-reported diseases, n (%).

Reduced FEV /FVC represents airway obstruction and was categorized by the lower limit of normal (LLN)
and z<71.65 defining airway obstruction (FEV,/FVC<LLN). The individual results were calculated according
to the GLI (Global Lung Function Initiative) reference values*2. Reduced FVC represents pulmonary restriction
and was categorized by the LLN and z<~1.65, referred hereafter as pulmonary restriction (FVC<LLN). FEV,
was categorized by the LLN (z<~1.65) and is referred to as FEV, <LLN.

Physical activity - triaxial accelerometer

A total of 1511 participants of the PA sub-study agreed to wear a tri-axial accelerometer (Hookie AM 20, Hookie
Technologies Ltd, Espoo, Finland) over 7 consecutive days*’. The accelerometer was attached with an elastic belt
on the right side of the hip. Participants were instructed to wear the accelerometer all waking hours except when
swimming, showering, or bathing. After the 7-day study period, the accelerometer along with the diary was sent
to the UKK Institute for analysis.

In this study, we included those 1511 participants who wore the accelerometer at least 10 h a day in 4 days
during the 7-day measurement period, which was defined as required accelerometer use. Earlier studies used the
same criterion for accelerometer wear time**4,

The volume of PA and SB were analyzed with validated algorithms. The mean amplitude deviation (MAD)
is an analysis algorithm to classify the intensity of PA from accelerometer raw data. MAD is calculated from
the resultant value of the tri-axial acceleration signal and concerns velocity and gravity components of the
acceleration. MAD was analyzed in 6-s epoch length. MAD is validated to represent oxygen consumption (VO,)
accurately, and therefore precisely indicates the intensity of PA*>°.

As MAD values correlate with VO,, we were able to convert the accelerometer data to metabolic equivalents
(MET). One MET is defined as the resting metabolic rate for quietly sitting and is approximately 3.5 ml * kg-1 *
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min-1 when expressed as VO, rate?”. The waking hours of the participants were then divided by the MET values
into sedentary behavior (< 1.5 METs), standing (< 1.5 METs), light (1.5-3.0 METs), moderate (3.0-6.0 METs),
and vigorous (>6.0 METs) PA. SB was defined as awake time spent in a sitting or reclining posture while energy
expenditure is <1.5 MET*. Standing still was recorded separately. As the time spent in vigorous activity was
minimal, we combined those with moderate-to-vigorous physical activity (MVPA). The time spent in each MET
level was analyzed as a continuous factor.

In addition, daily step count data were collected and analyzed as continuous factor.

Statistical analysis
The participants were divided into groups according to their pulmonary function (airway obstruction or
pulmonary restriction and those with FEV, <LLN). Adjusted binary logistic regression analysis was conducted
to define the differences in daily physical activity level between those with normal pulmonary function and those
with impaired spirometry. Analyses were first performed with adjustment of age, sex, BMI, education level, and
smoking and then with comorbidities in addition to those previously mentioned. Differences between these
groups in total step count were also calculated.

Analysis of covariance was conducted to analyze the association between pulmonary function and PA as
continuous factors (not presented in tables).

Not all participants completed the questionnaire accurately, which explains the few missing values in the
analysis. Possible sample bias was considered by inverse probability weighting®.

All analyses were performed using SPSS (IBM SPSS Statistics, version 28).

Results

Participants

The main characteristics of the participants are shown in (Table 1). Altogether, 141 participants had asthma, 13
had COPD, 66 had airway obstruction (FEV,/FVC<LLN), 73 had pulmonary restriction (FVC<LLN), and 94
had FEV, <LLN. Groups were partly overlapping (Fig. 2).

FEV, < LLN
94

Fig. 2. Groups of impaired spirometry .FEV | forced expiratory volume in one second, LLN lower limit of
normal.
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FEV, <LLN Pulmonary restriction Airway obstruction

OR?® (CI) P OR® (CI) p OR? (CI) P OR® (CI) p OR?® (CI) p OR? (CI) P
SB 1.09 (0.92-1.28) | 0.021 | 1.06 (0.98-1.14) | 0.135 | 1.12(1.04-1.22) | 0.003 | 1.09 (1.01-1.19) | 0.036 | 0.97 (0.88-1.06) | 0.500 | 0.96 (0.88-1.05) | 0.452
Standing still | 0.97 (0.86-1.08) | 0.639 | 0.99 (0.90-1.11) | 0.848 | 0.85 (0,74-0.98) | 0.026 | 0.88 (0.77-1.02) | 0.089 | 1.11 (1.00-1.27) | 0.084 | 1.10 (0.96-1.23) | 0.158
Light PA 0.89 (0.80-1.00) | 0.053 | 0.94 (0.66-1.06) | 0.336 | 0,90 (0,80-1.12) | 0.104 | 0.96 (0.85-1.09) | 0.499 | 1.02 (0.89-1.15) | 0.813 | 1.03 (0.91-1.18) | 0.642
Moderate PA | 0.63 (0.43-0.90) | 0.012 | 0.58 (0.39-0.87) | 0.009 | 0.71 (0.49-1.05) | 0.090 | 0.65 (0.43-1.00) | 0.048 | 0.59 (0.38-0.92) | 0.019 | 0.63 (0.40-0.99) | 0.045
Vigorous PA | 0.38 (0.08-1.75) | 0.216 | 0.12(0.01-1.20) | 0.074 | 0.55(0.12-2.56) | 0.451 | 0.14 (0.01-0.56) | 0.131 | 0.58 (0.91-2.22) | 0.422 | 0.63 (0.17-2.38) | 0.493
MVPA 0.63(0.44-0.88) | 0.008 | 0.56 (0.38-0.82) | 0.003 | 0.72 (0.50-1.04) | 0.079 | 0.63 (0.42-0.94) | 0.026 | 0.61 (0.40-0.91) | 0.016 | 0.65 (0.43-0.98) | 0.040
Steps/day 0.84 (0.75-0.93) | 0.001 | 0.82 (0.73-0.93) | <0.001 | 0.88(0.79-0.98) | 0.020 | 0.85 (0.75-0.96) | 0.008 | 0.88 (0.78-0.99) | 0.027 | 0.89 (0.79-0.99) | 0.067

Table 2. Association between impaired pulmonary function and physical activity level compared with those
with normal spirometry. FEV forced expiratory volume in 1's, OR odds ratio, CI confidence interval. SB
sedentary behavior, PA physical activity, MVPA moderate-to-vigorous physical activity. OR expressed for
one unit (30 min) change in the time spent for physical activity and change for 1000 steps in daily step count.
Adjusted for BMI, age, sex, smoking, and education level. bAdjusted for BMI, age, sex, smoking, education
level, and comorbidities.

Physical activity in groups of different pulmonary function

normal spirometry 48,4 % 19,5% 26,7 % 4,9 %l 0,5%

airway obstruction 48,6 % 20,6 % 26,2% 4,394 0,3%

|

pulmonary restriction 53.7% 17,6 % 248% 38 9‘6 0,2%
|

FEV1<LLN 52,0% 19,1% 25,0% 3,7 ‘)P 0,2%

o

10 % 20% 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
mSB Stand LPA MPA ® VPA

Fig. 3. Daily physical activity during waking hours in groups of different pulmonary function. FEVI forced
expiratory volume in 1 s, LLN lower limit of normal, SB sedentary behavior, LPA light physical activity, MPA
moderate physical activity, VPA vigorous physical activity.

Association between pulmonary function and measured physical activity

We found a significant association between moderate PA and MVPA and airway obstruction, pulmonary
restriction and FEV, <LLN (Table 2). Less time spent in moderate PA (OR 0.63, 95% CI 0.40-0.99 and OR
0.65, 95% CI 0.43-1.00, respectively) and MVPA (OR 0.65, 95% CI 0.43-0.98 and OR 0.63, 95% CI 0.42-0.94
respectively) was associated with airway obstruction and pulmonary restriction when compared with normal
pulmonary function. Similarly, less time spent in moderate PA (OR 0.58, 95% CI 0.39-0.87) and MVPA (OR 0.56,
95% CI 0.38-0.82) was associated with FEV| <LLN when compared with normal pulmonary function. These
associations were calculated with adjustment for age, sex, BMI, education level, smoking, and comorbidities.

There were no associations between self-reported asthma or COPD and PA.

Association between pulmonary function, sedentary behavior and daily step count

Greater time spent sedentary was associated with pulmonary restriction but not with airway obstruction or
FEV <LLN. The ORs (95% CIs) after adjustment for age, sex, BMI, education level, smoking, and comorbidities
were 1.09 (1.01-1.19), 0.96 (0.88-1.05) and 1.06 (0.98-1.14), respectively.

The intensity of PA in all the participants’ (both those with impaired spirometry and those with normal
pulmonary function) was mainly light, and only 5% of waking hours were in MVPA (Fig. 3). A major portion
of the waking hours was sedentary (48%). Participants with restrictive spirometry accumulated 43 min more
sedentary time than those with normal spirometry. Those with impaired spirometry also suffered more from
breathlessness (according to mMRC scale, see Table 1) than those with normal spirometry. Moreover, those with
pulmonary restriction, had higher mMRC scale points than those with airway obstruction.
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Additionally, we found an association between lower daily step count and pulmonary restriction and
FEV, <LLN but not with airway obstruction (Table 2). These associations remained after adjusting for BMI,
smoking, education level, and comorbidities. The ORs (95% Cls) for these associations were 0.85 (0.75-0.96),
0.82 (0.73-0.93), and 0.89 (0.79-0.99), respectively.

Discussion

We studied the cross-sectional association of impaired pulmonary function and objectively measured daily PA
and SB in a population-based sample representing Finnish adults. According to our findings, those with airway
obstruction or pulmonary restriction were physically less active. Pulmonary restriction was also associated with
greater sedentary time, and lower daily step count. In addition, FEV, <LLN was associated with lower level of
PA. These associations persisted after adjustment of age, sex, BMI, smoking, education level, and comorbidities.

Several prior studies have shown the association of greater amount of PA and better pulmonary
function?427-29-3L.3437.38 However, many of these findings were based on questionnaires or other self-reporting
of PA. In a population-based study, self-reported PA was associated with better FEV *. Self-reported PA was
associated with better pulmonary function in patients with or without asthma*%. In middle-aged and older adults
without pulmonary disease, higher activity levels as determined by a questionnaire were associated with better
pulmonary function’!. A study based on the European Respiratory Health Survey reported that self-reported
vigorous PA was associated with higher FEV | and FVC®. In some studies, PA has been evaluated objectively
with accelerometer, but only few of these have been population-based with larger number of participants. One
study of 341 participants found a weak association between better objectively measured pulmonary function
and higher PA levels in healthy adults*’. A larger follow-up study of 1910 participants showed also a positive
association, but the study population comprised inhabitants of only one city*. Positive association was shown
in a population-based study of 3063 British civil-servants based on accelerometer data, but the participants were
limited to only those over 60 years”’. Our study supports this evidence with reliable accelerometer-based PA
assessment.

Secondly, we found an association between pulmonary restriction and PA. The association remained after
adjusting for BMI. Moreover, those with pulmonary restriction had higher mMRC points than those with airway
obstruction. Pulmonary restriction is usually found in parenchymal pulmonary diseases, chest-wall disorders,
and obesity’. Low PA levels are associated with developing a restrictive spirometry pattern in overweight
individuals?!. A restrictive spirometry pattern was still associated with diminished PA levels also after adjustment
for BMI in the analysiszo. Several comorbidities, such as hypertension, diabetes, and obstructive sleep apnea, are
associated with a restrictive spirometry pattern, similarly after adjustment of BMIC. These associations are likely
to be multifactorial.

Thirdly, we found an association between lower daily step count and airway obstruction, pulmonary
restriction, and FEV | < LLN. This may be due to experienced breathlessness in those with impaired spirometry™.
According to our data, those with impaired spirometry suffered more from breathlessness than those with
normal spirometry as they had higher mMRC points. However, according to previous data, those with COPD or
other pulmonary disease benefit from exercise and should, in a clinical context, be motivated to be active daily
and to increase their daily step count to retard further deterioration in pulmonary function'®.

In contrast to previous ﬁndings, we found no association between asthma or COPD and accelerometer-
measured PA. For asthma, this could be due to the availability of good asthma treatment in Finland, which
allows participants with asthma to live an active life>"*2. There were very few participants with COPD (n=13,
0.9%), which probably explains why no statistically significant association between COPD and PA could be
detected. The low prevalence of COPD in this study is at least partly due to underdiagnosis. A larger part of
the participants (1 =66, 4.4%) had obstruction in spirometry, and part of them may have undiagnosed COPD.
Moreover, those COPD patients suffering from more severe breathlessness may not have attended the study as
also the low points in mMRC scale show.

Previous research indicates that pulmonary function may be modified by PA?**?. Systematic pulmonary
rehabilitation especially benefits patients with COPD, but also those with asthma and other pulmonary
disease???. In a longitudinal study, higher PA was associated with better pulmonary function in active smokers™.
In an analysis of middle-aged and elderly Canadian adults, more active movement behavior was associated with
better pulmonary function®!, and exchanging 30 min of sedentary time with sleep or any intensity of activity
increased FEV | and FVC among healthy adults and those with obstructive pulmonary disease?.

Bedard et al. explored the possible bidirectional effects between PA and pulmonary function®. However, even
in a longitudinal setting, separating these effects is challenging. Daily PA can be affected by several other factors,
such as socioeconomic status, comorbidities, education, and personal habits and preferences, which influence
the ability to engage in daily exercise and healthy eating and to have sufficient rest. Those with better pulmonary
function at baseline may be more physically capable than those with already decreased pulmonary function. PA
and pulmonary function also typically change during follow up. Nevertheless, as reported by Bedard et al., PA
seems to have an actual preventive effect on pulmonary function at least in current smokers®>.

Possible explanation for the association between PA and pulmonary function may lie in the inflammatory
environment®, fat distribution, or weight change leading to better respiratory mechanics®” and better respiratory
muscle strength®. In addition, PA promotes better general health and therefore ability for an active lifestyle,
which may result in even better pulmonary function.

Further research on the modifying effects of PA on pulmonary function is needed. Modifying pulmonary
function may be especially important not only for those with asthma or COPD, but also for those without
recognizable pulmonary disease but at risk of developing one. For example, those with risk factors of COPD,
(such as exposure to tobacco smoke or pollution, low birth weight, or genetic risk), with preserved ratio
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impaired spirometry (PRISm), and with restrictive spirometry pattern, may benefit from all means to prevent
deterioration of pulmonary function.

Further studies and more advanced analysis considering the characteristics of those with lower levels of
PA would clarify the more specific reasons behind the diminished amount of daily PA. However, due to the
small number of those with lower levels of PA, advanced analysis was not possible in this study. The reasons
for the lower levels of PA may be different in the pulmonary restriction and airway obstruction groups. Prior
studies suggest that those with pulmonary restriction have more obesity and metabolic syndrome, and therefore
their reasons for lower level of daily PA may lie for example in arthrosis, other musculoskeletal problems, or
sedentary lifestyle caused by the modern living environment, as those with airway obstruction may suffer from
the systemic burden of the pulmonary disease such as COPD.

For those aged 18-64 years, the WHO currently recommends least 150 min of moderate-intensity PA or
75 min of vigorous-intensity PA in a week in at least 10 min-bouts>. Finnish PA recommendations are similar®.
However, as already mentioned, only 5.8% of Finns aged 18-64 years fulfill these reccommendations®.

Strengths

The current study reports the association between impaired pulmonary function and objectively measured PA
and SB in a large-numbered population-based sample. The Health 2011 survey collected comprehensive data and
exceptionally diverse measurements representing the Finnish adult population. Spirometry and PA measures
were systemically collected with standardized methods. Information gathered by questionnaires included data
on confounding factors such as smoking, education level, comorbidities, and BMI, which were considered in
the analysis. Data on PA were collected by triaxial accelerometer instead of a questionnaire, which improves the
reliability of the results.

Limitations

Participants of the Health 2011 PA sub-study were likely to be more physically active than those not participating,
which may affect the analysis*. Nevertheless, we found an association between decreased pulmonary function
and decreased PA, which could be even stronger in more inactive population. The sample of those with impaired
spirometry was limited and may affect the results and the possibilities of analysis. Non-responsiveness can also
affect the results but was addressed by inverse probability weighting. Restriction was defined as FVC <LLN, but
to confirm a restrictive syndrome static lung volumes (total lung capacity) would be needed. Additionally, causal
inferences cannot be made due to the cross-sectional nature of the study which is also why we cannot rule out
the possibility of reverse causation affecting the results. However, in a population study, these results highlight
the importance of daily physical activity.

Conclusion

Airway obstruction and pulmonary restriction associated with lower levels of physical activity. Our results
support the scarce earlier findings of the association between impaired pulmonary function and less time spent
physically active in a population study with objective accelerometer measurements. PA has well-recognized
health benefits for those with respiratory diseases. Increasing daily PA, especially at moderate-to-vigorous
level, can be recommended for those with obstructive or restrictive pulmonary disease or to otherwise healthy
population with impaired spirometry in order to improve respiratory health.

Data availability

The data that support the findings of this study are available from The Finnish Institution of Health and Welfare,
but restrictions apply to the availability of these data, which were used under license for the current study, and
so are not publicly available. Data may be applied in a routine protocol from The Finnish Institution of Health
and Welfare, and the corresponding author (maria.lopmeri@helsinki.fi) may be contacted for further inquiries.

Received: 11 October 2024; Accepted: 17 July 2025
Published online: 24 July 2025

References
1. GOLD Report Global Initiative for Chronic Obstructive Lung Disease. https://goldcopd.org/2023-gold-report-2/ (2023).
2. The Global Asthma Report. Int. J. Tubercul. Lung Dis. 26, S1-S102 (2022).
3. Soriano, J. B. et al. Prevalence and attributable health burden of chronic respiratory diseases, 1990-2017: a systematic analysis for
the global burden of disease study 2017. Lancet Respir Med. 8, 585-596 (2020).
4. Venkatesan, P. GINA report for asthma. Lancet Respir. Med. 11, 589 (2023).
5. Godfrey, M. S. & Jankowich, M. D. The vital capacity is vital epidemiology and clinical significance of the restrictive spirometry
pattern. Chest 149, 238-251 https://doi.org/10.1378/chest.15-1045 (2016).
6. Dharmage, S. C. et al. Lifetime spirometry patterns of obstruction and restriction, and their risk factors and outcomes: a prospective
cohort study. Lancet Respir Med. 11, 273-282 (2023).
7. WHO. Global Status Report on Physical Activity (2022).
8. Husu, P, Tokola, K., Viha-Ypyd, H. & Vasankari, T. Measured Physical Activity, Sedentary Behavior and Physical Fitness of Finns
2018-2022. (2022).
9. Viha-Ypyid, H. et al. How adherence to the updated physical activity guidelines should be assessed with accelerometer? Eur. J.
Public. Health. 32, 150-155 (2022).
10. Husu, P. et al. Physical activity has decreased in finnish children and adolescents from 2016 to 2022. BMC Public. Health 24, (2024).
11. Lee, I. M. et al. Effect of physical inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and
life expectancy. Lancet 380, 219-229 (2012).
12. Biswas, A. et al. Sedentary time and its association with risk for disease incidence, mortality, and hospitalization in adults a
systematic review and meta-analysis. Ann. Intern. Med. 162, 123-132 (2015).

Scientific Reports |

(2025) 15:27004 | https://doi.org/10.1038/s41598-025-12517-2 nature portfolio


https://goldcopd.org/2023-gold-report-2/
https://doi.org/10.1378/chest.15-1045
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

13. Peralta, G. P. et al. Body mass index and weight change are associated with adult lung function trajectories: the prospective ECRHS
study. Thorax 75, 313-320 (2020).

14. Samet, J. M. & Tobacco smoking. The leading cause of preventable disease worldwide. Thorac. Surg. Clin. 23, 103-112 https://doi
.0rg/10.1016/j.thorsurg,2013.01.009 (2013).

15. Garcia-Aymerich, J., Lange, P, Benet, M., Schnohr, P. & Ant6, J. M. Regular physical activity reduces hospital admission and
mortality in chronic obstructive pulmonary disease: A population based cohort study. Thorax 61, 772-778 (2006).

16. Gimeno-Santos, E. et al. Determinants and outcomes of physical activity in patients with COPD: A systematic review. Thorax 69,
731-739 (2014).

17. Watz, H. et al. An official European respiratory society statement on physical activity in COPD. Eur. Respir. ]. 44, 1521-1537
(2014).

18. Loponen, J. et al. Daily physical activity and lung function decline in adult-onset asthma: a 12-year follow-up study. Eur. Clin.
Respir J. 5, (2018).

19. Cordova-Rivera, L., Gibson, P. G., Gardiner, P. A., Powell, H. & McDonald, V. M. Physical activity and exercise capacity in severe
asthma: key clinical associations. J. Allergy Clin. Immunology: Pract. 6, 814-822 (2018).

20. Carsin, A. E. et al. Restrictive spirometry pattern is associated with low physical activity levels. A population based international
study. Respir Med. 146, 116-123 (2019).

21. Carsin, A. E. et al. Regular physical activity levels and incidence of restrictive spirometry pattern: A longitudinal analysis of 2
Population-Based cohorts. Am. J. Epidemiol. 189, 1521-1528 (2020).

22. Mak, K. E et al. Cochrane library: pulmonary rehabilitation for chronic obstructive pulmonary disease (Review). Adv. Solid State
Lasers. 1, AF4A4 (2014).

23. Spruit, M. A,, Pitta, E, McAuley, E., ZuWallack, R. L. & Nici, L. Pulmonary rehabilitation and physical activity in patients with
chronic obstructive pulmonary disease. Am. J. Respir Crit. Care Med. 192, 924-933 (2015).

24. Luzak, A. et al. Association of physical activity with lung function in lung-healthy German adults: results from the KORA FF4
study. BMC Pulm Med. 17, 1-9 (2017).

25. Smith, M. P. et al. Physical activity is not associated with spirometric indices in lung-healthy German youth. Eur. Respir. J. 48,
428-440 (2016).

26. Barboza, M. L. et al. Association between physical activity in daily life and pulmonary function in adult smokers. Jornal Brasileiro
De Pneumologia. 42, 130-135 (2016).

27. Dogra, S. et al. Physical activity and sedentary time are related to clinically relevant health outcomes among adults with obstructive
lung disease. BMC Pulm Med. 18, 1-13 (2018).

28. Mensink-Bout, S. M. et al. Associations of physical condition with lung function and asthma in adolescents from the general
population. Pediatr. Allergy Immunol. 33, 1-7 (2022).

29. Fuertes, E. et al. Leisure-time vigorous physical activity is associated with better lung function: the prospective ECRHS study.
Thorax 73, 376-384 (2018).

30. Jakes, R. W. et al. Physical inactivity is associated with lower forced expiratory volume in 1 second European prospective
investigation into Cancer-Norfolk prospective population study. Am. J. Epidemiol. 156, 139-147 (2002).

31. Dogra, S. et al. Movement behaviours are associated with lung function in middle-aged and older adults: A cross-sectional analysis
of the Canadian longitudinal study on aging. BMC Public. Health. 18, 1-9 (2018).

32. Nystad, W,, Samuelsen, S. O., Nafstad, P. & Langhammer, A. Association between level of physical activity and lung function
among Norwegian men and women: the HUNT study. Int. J. Tuberculosis Lung Disease. 10, 1399-1405 (2006).

33. Cheng, Y.]. et al. Effects of physical activity on exercise tests and respiratory function. Br. J. Sports Med. 37, 521-528 (2003).

34. Milkid, E. & Impivaara, O. Intensity of physical activity and respiratory function in subjects with and without bronchial asthma.
Scand. J. Med. Sci. Sports. 8,27-32 (1998).

35. Skender, S. et al. Accelerometry and physical activity questionnaires - A systematic review. BMC Public. Health. 16, 1-10 (2016).

36. Husu, P. et al. Reliability and validity of Self-Reported questionnaires assessing physical activity and sedentary behavior in Finland.
Int. J. Environ. Res. Public. Health. 21, 686 (2024).

37. Benadjaoud, M. A. et al. The association between accelerometer-assessed physical activity and respiratory function in older adults
differs between smokers and non-smokers. Sci. Rep. 9, (2019).

38. Collaud, S., Touilloux, B., von Garnier, C., Marques-Vidal, P. & Kraege, V. Physical activity and lung function association in a
healthy community-dwelling European population. BMC Pulm Med. 24, 169 (2024).

39. Heistaro, S. & Methodology Report The Health 2000 Survey. Helsinki. National Public Health Institute. vol. 2008. (2013).

40. Lundqvist, A. & Miki-Opas, T. Health Survey (2016).

41. Pellegrino, R. et al. Interpretative strategies for lung function tests. Eur. Respir. J. 26, 948-968 (2005).

42. Quanjer, P. H. et al. Multi-ethnic reference values for spirometry for the 3-95-yr age range: the global lung function 2012 equations.
Eur. Respir. ]. 40, 1324-1343 (2012).

43. Husu, P. et al. Objectively measured sedentary behavior and physical activity in a sample of Finnish adults: A cross-sectional study.
BMC Public. Health. 16, 1-11 (2016).

44. Celis-Morales, C. A. et al. Objective vs. self-reported physical activity and sedentary time: effects of measurement method on
relationships with risk biomarkers. PLoS One 7, (2012).

45. Viha-Ypyd, H., Vasankari, T., Husu, P, Suni, J. & Sievdnen, H. A universal, accurate intensity-based classification of different
physical activities using Raw data of accelerometer. Clin. Physiol. Funct. Imaging. 35, 64-70 (2015).

46. Viaha-Ypyd, H. et al. Validation of cut-points for evaluating the intensity of physical activity with accelerometry-based mean
amplitude deviation (MAD). PLoS One. 10, 1-13 (2015).

47. Jetté, M., Sidney, K. & Bliimchen, G. Metabolic equivalents (METS) in exercise testing, exercise prescription, and evaluation of
functional capacity. Clin. Cardiol. 13, 555-565 (1990).

48. Vahia-Ypyd, H., Husu, P, Suni, J., Vasankari, T. & Sievdnen, H. Reliable recognition of lying, sitting, and standing with a hip-worn
accelerometer. Scand. J. Med. Sci. Sports. 28, 1092-1102 (2018).

49. Harkdnen, T. et al. Systematic handling of missing data in complex study designs — experiences from the Health 2000 and 2011
Surveys. J. Appl. Stat. 43 2772-2790 https://doi.org/10.1080/02664763.2016.1144725 (2016).

50. Elbehairy, A. F. et al. Pulmonary gas exchange abnormalities in mild chronic obstructive pulmonary disease implications for
dyspnea and exercise intolerance. Am. J. Respir Crit. Care Med. 191, 1384-1394 (2015).

51. Mattila, T. et al. Controlling chronic respiratory diseases in Finland from 1996 to 2018. Eur. Respir. J. 60 https://doi.org/10.1183/1
3993003.00318-2022 (2022).

52. Haahtela, T. et al. A 10 year asthma programme in finland: major change for the better. Thorax 61, 663-670 (2006).

53. Bédard, A. et al. Physical activity and lung function-cause or consequence? PLoS One 15, (2020).

54. Garcia-Aymerich, J., Lange, P, Benet, M., Schnohr, P. & Antd, J. M. Regular physical activity modifies Smoking-related lung
function decline and reduces risk of chronic obstructive pulmonary disease. Am. J. Respir Crit. Care Med. 175, 458-463 (2007).

55. Dogra, S. et al. Effects of replacing sitting time with physical activity on lung function: an analysis of the Canadian longitudinal
study on aging. Health Rep. 30, 12-23 (2019).

56. Gleeson, M. et al. The anti-inflammatory effects of exercise: mechanisms and implications for the prevention and treatment of
disease. Nat. Rev. Immunol. 11, 607-610 (2011).

57. Jones, R. L. & Nzekwu, M. M. U. The effects of body mass index on lung volumes. Chest 130, 827-833 (2006).

Scientific Reports|  (2025) 15:27004 | https://doi.org/10.1038/s41598-025-12517-2 nature portfolio


https://doi.org/10.1016/j.thorsurg.2013.01.009
https://doi.org/10.1016/j.thorsurg.2013.01.009
https://doi.org/10.1080/02664763.2016.1144725
https://doi.org/10.1183/13993003.00318-2022
https://doi.org/10.1183/13993003.00318-2022
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

58. Chen, H. I. & Kuo, C. S. Relationship between respiratory muscle function and age, sex, and other factors. J. Appl. Physiol. 66,
943-948 (1989).

59. WHO Guidelines on Physical Activity and Sedentary Behaviour (World Health Organization, 2020).

60. UKK institute for Health Promotion Research. Weekly Physical Activity Recommendation for 18-64-year-olds.

Acknowledgements
The Finnish Institute for Health and Welfare collected the data. Medikro Oy provided the spirometers used in
the survey.

Author contributions

Data collection was completed before by the Finnish Institute for Health and Welfare and UKK Institute. T]
and JL contributed to the data transmission. KT and ML analyzed the data. ML outlined the first version of the
manuscript. ML, TM, TV (Tommi Vasankari) and TV (Tuula Vasankari) interpreted the results and contributed
to the writing process. All authors have read and agreed to the published version of the manuscript.

Funding

This work was supported by the Vdin6 and Laina Kivi Foundation; The Finnish Anti-Tuberculosis Foundation,
and The Tuberculosis Foundation of Tampere. The funders had no role in the design of the study, in the collec-
tion, analysis, or interpretation of data, or in the writing of the manuscript.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and content to participate

The Health 2011 Survey was approved by the Coordinating Ethics Committee of the Hospital District of
Helsinki and Uusimaa. All participants provided written informed consent. All research was performed in
accordance with relevant guidelines and regulations.

Additional information
Correspondence and requests for materials should be addressed to M.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:27004 | https://doi.org/10.1038/s41598-025-12517-2 nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Association of impaired pulmonary function and objectively measured physical activity in a population study
	﻿Methods
	﻿Participants
	﻿Measurements
	﻿Questionnaires and interviews
	﻿Anthropometric measurements
	﻿Spirometry
	﻿Physical activity – triaxial accelerometer


	﻿Statistical analysis
	﻿Results


