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ABSTRACT

BACKGROUND: Although exercise and daily physical activity (PA) have long been known to
benefit patients with chronic disorders, knowledge is limited regarding asthma.

OBJECTIVE: In a Danish setting, our aim was to measure physical activity, sedentary behavior,
and physical capacity among patients with asthma. We hypothesized that people with severe
asthma would be less active and more sedentary than their mild-moderate counterparts.
METHODS: Adults with asthma were recruited through respiratory outpatient clinics and subse- capacity; sedentary
quently examined twice, 4 weeks apart. At each visit, participants underwent a series of lung behavior; daily steps; VO,
function tests, questionnaires, and maximum oxygen uptake testing (VO,max). Between the visits, max

participants wore an accelerometer continuously for 4 weeks, measuring sedentary time and daily

steps. Sixty patients, 27 with mild-moderate asthma (GINA 1-3) and 33 with severe asthma (GINA

4-5), completed both visits and had valid accelerometer measurements.

RESULTS: No significant differences between the two groups were found in sedentary time,

number of steps or VO,max. VO,max was significantly correlated with FeNO (r = —0.30, p < 0.05),

Short Form-12 Mental Health (r = 0.37, p < 0.05), Asthma Control Questionnaire (r = —0.35,

p < 0.05), and Mini Asthma Quality of Life Questionnaire (r = 0.36, p < 0.05).

CONCLUSION: No differences were observed between patients with mild-moderate and severe

asthma regarding sedentary behavior, daily steps or level of cardiopulmonary fitness.

Furthermore, patients with the highest VO,max had the higher quality of life scores.
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Abbreviations: VO,max: Maximal Oxygen Uptake; CPET: Cardiopulmonary Exercise Testing; BMI:
Body Mass Index; FEV1: Forced Expired Volume in the First Second; FVC: Forced Vital Capacity;
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Questionnaire; SF-12: Short Form 12 Health Survey; SNOT-22: Sino-Nasal Outcome Test 22; GINA:
The Global Initiative for Asthma; CRP: C-reactive Protein; Hgb:Hemoglobin count; EOS: Eosinophil
count; EVH: Eucapnic Voluntary Hyperventilation; FeNO: Fractional Exhaled Nitric Oxide; PA:
Physical Activity ERS: European Respiratory Society; ATS: American Thoracic Society; CRS:
Chronic Rhinosinusitis; AHR: Airway Hyperresponsiveness

Introduction function [4]. The few studies conducted regarding PA
and asthma suggest that patients with severe asthma are
less active. The findings showed that those with severe
asthma took 31% fewer daily steps than did healthy con-
trol persons [6,7] and 21% fewer steps than did patients
with mild to moderate asthma [7].

A higher level of PA among patients with asthma is

Asthma is characterized by variable airflow limitation and
airway inflammation, causing symptoms such as breath-
lessness, cough, and wheeze during both rest and exercise
[1]. Exercise training and physical activity (PA) have long
been known to benefit individuals with chronic illnesses
[2]. In asthma, it has been shown that patients participat-

ing in systematic exercise training achieve better asthma
control [3,4] and may have the potential to reduce their
use of controller medication [5] and improve their lung

likely to improve their health-related quality of life,
reported number of ‘asthma-free days’, symptoms of
anxiety and depression [8,9] as well as inducing weight
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loss - all of which points toward exercise training
improving asthma control. Furthermore, exercise train-
ing has been suggested to reduce the frequency of exacer-
bations and reduce the level of airway
hyperresponsiveness (AHR) [10,11], although reduction
in AHR is partly explained by the improvement in exer-
cise capacity. Franca-Pinto et al. found exercise training
prompted a reduction in two serum proinflammatory
cytokines, interleukin 6 and monocyte chemoattractant
protein 1, but not a reduction in fractional exhaled nitric
oxide (FeNO) in asthma patients.

Independent of the level of PA, sedentary behavior has
been associated with higher rates of chronic disease, lower
health-related quality of life, and higher prevalence of
depressive symptoms and mood disorders [12-14].

A meta-analysis of 21 randomized control trials,
with 772 participants with asthma aged 8 years or
older, showed that exercise training was well tolerated
across all studies and that patients experienced an
improvement in the maximal oxygen uptake (VO,
max) - thus concluding that those with stable asthma
should always be encouraged to perform regular exer-
cise [15]. Nevertheless, no improvement in forced
expiratory volume in 1 second (FEV1) or peak expira-
tory flow rate (PEF) was found as an effect of exercise
training [15]. Another more recent review including 11
studies and 543 adult participants with asthma found
a significant improvement in FEV1 induced by exercise
training [4]. Exercise-induced bronchospasm (EIB) has
long been thought to be part of the explanation of the
lower level of PA among patients with asthma [16], but
two systemic reviews suggest that exercise training in
patients with stable asthma would not cause EIB lim-
itations [15,17].

Compared with chronic obstructive pulmonary dis-
ease (COPD), in which correlations between PA,
sedentary time, medication use, and disease control
have been well studied [18-20], guidelines or strategies
for handling inactivity in asthma are sparse [3,21].

Philips et al. conclude that the use of wearable
activity monitors in research is an efficient tool for
collecting data on day-to-day PA [22], and the current
technology calculating sedentary time is considered
a good measure, although accuracy declines when mea-
suring the quality of PA [23].

The aim of the present study was to measure PA,
sedentary behavior, and cardiopulmonary capacity
among patients with asthma across all GINA classifica-
tions, and to describe difference between patients with
severe asthma and patients with mild-moderate asthma.

We also aim to describe the association of these
behaviors with clinical measures of asthma control,

lung function, quality of life, comorbidity with chronic
rhinosinusitis and markers of airway inflammation.

We hypothesize that patients with severe asthma are
less active and more sedentary than patients with mild-
moderate asthma, and that mild-moderate asthma is
associated with higher level of physical capacity.
Furthermore, we hypothesize that higher level of phy-
sical capacity, higher level of PA, and lower level of
sedentary behavior are all associated with better quality
of life, better asthma control, and lower level of airway
inflammation.

Material and methods
Design

The present study is a prospective follow-up study with
two visits scheduled 4 weeks apart at the Center for
Physical Activity Research (CFAS), Rigshospitalet,
Copenhagen, Denmark. At both visits, participants
underwent a series of questionnaires, FeNO, spirome-
try including bronchodilator reversibility test, blood
samples, Cardiopulmonary Exercise Testing (CPET)
including measurements of VO,max, and use of med-
ication including self-assessed compliance.

The main objective was to measure the level of PA
(estimated by and number of steps per day), sedentary
behavior (estimated by the idle time percentage in
a day), and physical capacity (estimated by VO,max).
Sedentary behavior is defined as the percentage of
the day (24 hours) with idle time (sitting, reclining,
or lying). PA and sedentary behavior data are collected
in the 4 weeks between the two visits, while physical
capacity is measured at each of the two visits.

Participants

Adults with asthma were included, most of whom were
recruited through respiratory outpatient clinics at
Gentofte Hospital, North Zealand Hospital, Roskilde
Hospital, and Hvidovre Hospital, Denmark. Patients
were also recruited from an out-of-hospital asthma
clinic and from advertising on social media.

Asthma diagnosis was confirmed by one of the
following methods: 1) historic reversibility, 2) historic
PEF variation, 3) historic airway hyperresponsiveness
to mannitol, 4) historic airway hyperresponsiveness to
methacholine, 5) historic eucapnic voluntary hyperven-
tilation (EVH), or in few cases 6) asthma diagnosis in
the opinion of an asthma expert. Only patients with
active asthma are included, thus meaning either as-
needed treatment or daily maintenance medication is
actively used. An equal distribution between severe
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Table 1. Division into mild-moderate asthma vs. severe asthma defined by controller medication and the GINA Steps in

the GINA 2019 Guidelines [1].

Mild-Moderate Asthma

Severe Asthma

GINA Step 1: As-needed low dose ICS-LABA
GINA Step 2: Daily Low dose ICS

GINA Step 3: Daily Low dose ICS-LABA or Medium dose ICS

GINA Step 4: Daily Medium dose ICS-LABA or High dose ICS
GINA Step 5: Daily High dose ICS- LABA

Inhaled corticosteroid Low dose Medium dose High dose
Beclometasone dipropionate (CFC) 200-500 >500-1000 >1000
Beclometasone dipropionate (HFA) 100-200 >200-400 >400
Budesonide (DPI) 200-400 >400-800 >800
Ciclesonide (HFA) 80-160 >160-320 >320
Fluticasone furoate (DPI) 100 n.a. 200
Fluticasone propionate( DPI) 100-250 >250-500 >500
Fluticasone propionate (HFA) 100-250 >250-500 >500
Mometasone furoate 110-220 >220-440 >440
Triamcinolone acetonide 400-1000 >1000-2000 >2000

Doses are in microgram. ICS=Inhaled Corticosteroids; GINA= Global Initiative for Asthma; LABA=Long-Acting Beta-Agonists; CFC=
Chloroflurocarbon propellant; HFA= Hydrofluroalkane propellant; DPI=Dry powder inhaler.

asthma and mild-moderate asthma was sought through
the inclusion, resulting in 33 patients with severe
asthma and 27 with mild-moderate asthma - see
Table 1 for details. The GINA 2019 guidelines were
used throughout the study [1].

The exclusion criteria were 1) presence of lung dis-
ease other than asthma, 2) pregnancy, 3) musculoske-
letal diseases or injuries with physical impairment, 4)
on-going infection detected by elevated level of CRP,
and 5) exacerbation in asthma disease needing systemic
corticosteroids, either in the 4 weeks prior to enroll-
ment or during data collection.

Physical activity and sedentary behavior

At the first visit, participants were instructed in wear-
ing an accelerometer for 24 hours per day for 4 weeks
without exceptions. All participants were encouraged
to continue an unchanged PA level. The activity moni-
tors used in the present study were SENS Motion®,
a 3-axis accelerometer placed on the lower part of
either thigh. The sensor holds an internal storage
device and the participant’s smartphone automatically
transfers the data from the device to the cloud. SENS
Motion® has been tested and validated as a reliable
monitor for physical activity and sedentary beha-
vior [24].

Only data from participants with at least 7 whole
days of activity measurement were used in the analyses.
All activity data were examined through a visual day-by
-day histogram tool with particular focus on 1)
a normal sleeping pattern between 5 and 10 hours
per day where the night-time sleep occurred between
10 PM and 10AM for most days of the week, and 2)

most days having a structure compatible with an every-
day life (i.e. with higher activity intensity in the morn-
ing, around midday and late afternoon).

Only completed whole day measurements (from mid-
night to midnight) were included. Any days (midnight to
midnight) with more than 15 minutes of ‘no data’, either
because the monitor was dismounted or because of tech-
nical errors, were excluded from the analyses.

Sedentary behavior was defined as the total number
of minutes spent lying, reclining, or sitting, including
sleep, divided by number of minutes over the 4 weeks
and expressed as percentage. Sedentary behavior mea-
sured via accelerometer is more accurate and reliable
compared to self-measured or self-reported of seden-
tary behavior [25].

Steps per day were estimated and counted via
a built-in algorithm in the SENS Motion accelerometer.
The total number of steps was divided by the total
number of whole days.

Physical capacity

All participants underwent spirometry including reversi-
bility less than 1 h prior to CPET testing, thereby prevent-
ing bronchospasm during testing. Cardiopulmonary
fitness was evaluated on an ergometer bike (Monark
739E, Varberg, Sweden) using gold standard CPET testing
in accordance with the American Thoracic Society’s (ATS)
guidelines [26,27]. The test was designed for patients to
reach the maximum oxygen uptake between 8 and 12 min-
utes from start. The test started at an intensity of 70 watt for
2 minutes and thereafter continuously increased in resis-
tance with steps between 10 and 20 watts until exhaustion
and R-value >1. Oxygen uptake was simultaneously
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recorded breath-by-breath with a gas analyzer system
(Cosmed Quark CPET, Rome, Italy, in case of breakdown
Vyaire Vyntus CPX, Hochberg, Germany). VO,max was
calculated as the highest oxygen consumption divided by
the body weight.

Questionnaires

Level of asthma control was assessed with the GINA level of
asthma symptom control 4-item yes/no questionnaire [1],
the validated 6-item version of the Asthma Control
Questionnaire (ACQ6) [28] and the validated 15-item
Mini Asthma Quality of Life Questionnaire (MiniAQLQ)
[29]. ACQ responses are given on a 7-point scale and the
overall score is the mean of the six items ranging from 0 for
totally controlled to 6 for severely uncontrolled. The
MiniAQLQ responses are also given on a 7-point scale
but the questionnaire has a total of 15 questions and the
overall score is mean ranging from 1 for the worst to 7 for
the best answer. Exacerbations were assessed by inter-
viewers questioning patients and were defined as asthma
flare-up needing systemic corticosteroids, either through
GP or in hospital. Health-related quality of life was assessed
using the validated Short Form-12 (SF-12) that generates
information in eight domains: physical health, physical role
activities, bodily pain, general health perceptions, vitality,
social function, emotional role activities, and mental health
[30]. Answers are transformed to a scale from 0 (worst
score) to 100 (best score) for both physical health and
mental health.

Comorbidity with chronic rhinosinusitis (CRS) was
assessed with the validated Sino-Nasal Outcome Test 22
(SNOT-22). SNOT-22 responses are given on a 6-point
scale and the overall score is the sum of the 22 items
ranging from 0 for the best to 110 for the worst [31].

Specific use of medication and treatment compli-
ance was assessed through interviewing participants
about both reliever medication and regular medication,
cross-checked with the current medication in the
national  digital Danish medication database.
Compliance for regular medication was scored in
three categories: 1) medication used more than 80%
of time 2) medication used between 50% and 80% of
time or 3) medication used less than 50% of time.

Blood testing

Blood samples, including hemoglobin concentration
(Hgb), C-reactive protein (CRP), immunoglobulin
E (IgE), and eosinophil count (EOS, 10°/L), were
drawn by venipuncture prior to exercise testing.
Blood eosinophil counts were obtained from full

blood cell counts. All blood analyses were performed
at hospital laboratories in the Capital Region. Blood
samples taken at local hospitals up to 3 months prior to
enrollment were used as substitute for missing blood
samples.

Pulmonary testing

Airway inflammation was assessed by measuring FeNO
on NIOX VERO (Circassia, Morrisville, USA). FeNO
was measured once at each visit following the
European Respiratory Society (ERS)/ATS recommen-
dations [32].

Spirometry was undertaken before and 15 minutes
after inhalation of 5 puffs of 200 mg salbutamol on
Vyaire Vyntus Spiro (Hochberg, Germany) with forced
expiratory volume in the first second (FEV1), forced
vital capacity (FVC), FEV1/FVC ratio, and bronchodi-
lator reversibility test measured according to the guide-
lines by ERS and ATS [33]. Predicted normal values
based on sex, height, and age were calculated from the
National Health and Nutrition Examination Survey
reference values [34].

Peak flow (PEF) was used to assess variation in lung
function. Diurnal peak flow variability was calculated
from two sets of daily peak flow readings for 4 con-
secutive weeks, three in the morning and three in the
evening. The difference between the highest and the
lowest values was divided by their mean - done accord-
ing to GINA guidelines [1].

Statistical analyses

All analyses were performed in IBM SPSS Statistics
(Version 25) and SAS (Version 9.4). The continuous data
were summarised by the mean and standard deviation
(SD), the categorical data by numbers and percentages.

The primary analysis consisted of analysis of var-
iance between patients with mild-moderate disease
(GINA1-3) and patients with severe disease (GINA4-
5) at both Week 0 and Week 4. The Week 4 confirma-
tory analysis was done as a sensitivity analysis to
strengthen the results, confirm findings, and reduce
the risk of type 1 errors.

The major outcomes were sedentary percentage,
steps per day, and VO,max. PA data were included in
only the Week 0 analysis since the data were collected
continuously between Week 0 and 4. Secondary out-
comes eosinophil count, immunoglobin E, and diurnal
PEF variability were all measured once and, conse-
quently, included in only the Week 0 analysis.



Group differences for both primary and secondary
outcomes were analysed using general linear models
with a factor GINA group (two levels). The analyses
were done for week 0 and week 4 separately to confirm
any statistically significant findings. From these mod-
els, unpaired point estimates (least squares means) for
each GINA group were extracted together with two-
sided 95% confidence intervals and p-values at both
Week 0 and Week 4. To account for possible con-
founding from age and body mass index (BMI), the
analyses were repeated with adjustment for age
and BMI.

The secondary analysis was done using bivariate
correlation analyses (Pearson’s r) to assess the associa-
tion between all major and secondary outcomes.
Analyses were done on Week 0 data, and any statisti-
cally significant correlations were repeated using the
Week 4 data set, thus highlighting correlations at both
Week 0 and Week 4 and strengthening the secondary
analysis.

Statistical significance was considered for p-values
below 0.05. All p values and 95% confidence intervals
are double-sided.

Results

A total of 77 patients were initially included, of whom
3 were excluded due to the COVID-19 restrictions, one
was excluded due to initiating biologic treatment and
13 failed to complete the study program for various
other reasons (Figure 1).

Thus, 60 participants with asthma: 27 with mild-
moderate disease (GINA step 1 through 3) and 33
with severe disease (GINA step 4 and 5) had complete
data and were included in the analyses. Demographic
and clinical characteristics at both visits are presented
in Table 2.
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There was no difference in activity data collecting
time between patients with mild-moderate asthma and
patients with severe asthma (24.3 days vs. 24.5 days,
respectively, p = 0.005).

Association between asthma severity and physical
capacity, physical activity, or sedentary behavior

No statistically significant difference was found between
patients with mild-moderate asthma and those with severe
asthma for level of cardiopulmonary fitnees measured as
Vo,Max, sedentary behavior and steps per day (Table 3).

Association between asthma severity and
supportive outcomes

A tendency toward a lower level of lung function (FEV1%
predicted) was found amongst those with severe asthma
when compared with those with mild-moderate asthma at
the first visit at Week 0 (99% vs. 107%, respectively,
p = 0.17), as well as at the second visit at Week 4 (101%
vs. 110%, respectively, p = 0.1) (Table 3).

All other associations are presented in Table 3.

Cross-related correlations between all outcomes

Allcorrelations between outcomes at the first visit at Week
0 and, if present, a confirmatory correlation at the second
visit at Week 4, are shown in Table 4.

A statistically significantly negative correlation was
found between VO,max and FeNO (r = -0.30, p < 0.05)
along with ACQg score (r = -0.35, p < 0.05), and a positive
correlation was found between VO,max and miniAQLQ
score (r = 0.36, p < 0.05) along with SF-12 Mental Health
score (r = 0.37, p < 0.05) (Table 4). A negative association
was found between percentage of sedentary time and the

‘ Included after criteria were met, n=77 ‘

—>

Withdrew during study, n=3 ‘ «—

—>

Excluded due to initiation of
biological treatment, n=1

—

!

‘ Withdrew before first visit, n=8 ‘

‘ Excluded due to Covid-19 restrictions, n=3 ‘

Excluded due to low adherence
to study protocol, n=2

Completed study, n=60 ‘

Figure 1. Study flow.
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Table 2. Demographic characteristics of all participants.

n=60 n=60

Sex (N (%) females)

Age, mean(SD)

BMI, mean(SD)

FEV1(L), mean(SD)

FEV1 (pred %), mean(SD)

FVC (pred %), mean(SD)

FEV1/FVC Ratio %, mean(SD)

A-FEV1 after reversibility (%), mean(SD)
A-FEV1 after reversibility (mL), mean(SD)

A-FEV1 more than 12 % or 200 mL? (Y, n (%))

Diurnal PEF variability, % mean(SD)

FeNO (ppb), mean(SD)

Eosinophilic Count (x 103 cells/uL), mean(SD)
Immunoglobulin E (x 10° IU/L), mean(SD)
Vo2max (mL/min/kg), mean(SD)
Questionnaries

ACQs score, mean(SD)

Mini-AQLQ score, mean(SD)

SNOT-22 score, mean(SD)

SF-12 mental health, mean(SD)
SF-12 physical health, mean(SD)

Well Controlled
Partly Controlled

GINA 2019 Asthma Control
Uncontrolled

1 or more exacerbations in the previous year? (Y (%))

Medication

Does use daily maintenance medication? (Yes, n (%))
Compliance on daily maintenance medication >80% (Yes, n

(%))

Does own reliever medication? (Y, n (%))

Average use of reliever / week (previous 4 weeks), mean

32 (53.3%) n/a
44.0 (16.4) n/a
25.1(3.9) 25.1(3.8)
3.6 (0.9) 3.4(0.9)
102.8 (18.8) 99.9 (17.4)
113.9 (18.4) 111.6 (17.8)
75.5 (11.2) 74.9 (11.6)
4.2 (6.4) 5.6 (5.2)
136.6 (183.3) 194 (184.8)
5 (8.5%) 5 (8.6%)
n/a 4.9 (3.1)
20.5 (19.8) 23.8 (31.9)
0.2 (0.2) n/a
149.4 (208.4) n/a
37.9 (10) 37.7 (9.7)
0.77 (0.65) 0.86 (0.8)
6.12 (0.77) 6.22 (0.75)
20.1 (14.8) 17.5 (14.5)
53.9 (4.7) 54.5 (4.6)
51.7 (5.2) 51.7 (4.9)
27 (50.9%) 23 (40.4%)
20 (37.7%) 29 (50.9%)
6 (11.3%) 5 (8.8%)

12 (20.3%) 11 (18.6%)

52 (86.7%) 50 (83.3%)

49 (96.1%) 49 (98.0%)

56 (93.3%) n/a
2.2(2.8) 2.8 (4.2)

Data on Age, Sex, Sedentary percentage, Steps / day, Diurnal PEF Variability, Eosinophilic count and
Immunoglobulin E are only measured or collected once.

BMI=Body Mass Index; FEV1= Forced expired volume in the first second; FVC=Forced vital capacity; PEF=
peak expiratory flow; FeNO= fractional exhaled nitric oxide; ACQ= Asthma Control Questionnaire; Mini-
AQLQ= Mini Asthma Quality of Life Questionnaire; SNOT-22= Sino-Nasal Outcome Test 22; SF-12=Short
Form 12 Health Survey; GINA= The Global Initiative for Asthma

level of FeNO (r = —0.26, p < 0.05, Table 4), while SF-12
Physical Health score was positively correlated with level
of FeNO (r = 0.32, p < 0.05) (Table 4).

All other cross-related correlations are presented in
Table 4.

Discussion

This study demonstrated no difference in sedentary beha-
vior, steps per day or level of cardiopulmonary fitness
between patients with severe asthma and those with mild-
moderate asthma. Further, we demonstrated that those
with the highest VO,max had the best quality of life (scor-
ing better on MiniAQLQ, SF-12 Mental Health, and ACQ)
and the lowest level of airway inflammation (FeNO).

We found that the patients with severe asthma
reported slightly more asthma symptoms, even with
an acceptable level of lung function and level of quality
of life. On inclusion, participants were instructed to
sustain their level of day-to-day exercise and to con-
tinue unchanged with any type of activity during the
study period. On this background and considering the
present study showed stable VO,max between the two
visits, our findings indicate that this level of cardiopul-
monary fitness and sedentary behavior could be gen-
eralizable to a larger population of patients with
asthma. Surprisingly, neither steps per day or sedentary
behavior correlated with VO,max, which may be
because the accelerometer algorithm did not capture
vigorous activity such as physical exercise training or
biking.
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The difference in daily steps between those with
mild-moderate asthma and those with severe asthma
has previously been described by researchers only once
[7], as has sedentary behavior among patients with
asthma [6]. The previous study on sedentary behavior
excluded sleep from sedentary behavior and is there-
fore not comparable to our study.

To the best of our knowledge, this is the first study
to examine the difference in sedentary behavior
between patients with severe asthma and mild-
moderate asthma.

Our findings are contrary to the findings of a similar
study in 2017 by Bahmer et al., which concluded that
patients with severe asthma took 21% fewer steps per day
[7]. The devices used for measuring steps differ and
therefore a different algorithm was used; accordingly,
although the exact numbers are not necessarily compar-
able, the difference between groups can be compared. It is
worth noting that the characteristics of the participants
differ between the two studies. For example, the listed
lung function (FEV1) and level of obesity (BMI) in the
group with severe asthma in the study by Bahmer et al.
were 73.3% predicted and 28.2 kg/m?, respectively [7],
compared with FEV1 predicted at 99.3% and a BMI of
25.9 kg/m’®, respectively, in the current study. Mild-
moderate disease also varies with a FEV1 at 88.7% in
Bahmer et al’s study compared with a FEV1 at 107.6%
in the present study. Bahmer et al. has a sample with
a surprisingly high percentage of smokers: 22% and 24%
for patients with mild-moderate asthma and severe
asthma, respectively. Taken together, this indicates the
data are extracted for two different groups of asthma
patients, making direct comparison difficult and calling
for further research on the matter.

A meta-analysis by Cordora-Rivera et al. in 2018
calculated a standardized mean on steps per day in
patients with asthma from seven different studies -
with an overall average of 8390 (SD 1029) steps per. day
[3]. Our findings for, respectively, mild-moderate and
severe asthma were higher at 9888 (SD 641) and 9287
(SD 572). The averages in the different studies men-
tioned range from 5983 to 11,125 steps per day, indi-
cating that our Danish asthma population performs
a number of steps within this range, albeit in the
upper end. Overall, the number of steps found in this
study is comparable to that in international studies.

Apart from the correlations between our major out-
comes, we also examined other measurements. The
cardiopulmonary fitness level is correlated with the
ACQgq score, indicating that those with uncontrolled
asthma had the lowest level of fitness score and prob-
ably also the lowest level of activity. These findings
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confirm that exercise training is associated with better
asthma control, which is supported by former research
in the field [4,5,15,17,35,36].

The cardiopulmonary fitness level also correlates with
airway inflammation (FeNO), which is highly interesting
and could be a ‘chicken or the egg’ dilemma. Studies from
Brazil on the effect of exercise training on airway inflam-
mation showed that exercise training inhibited the house-
dust-mite-induced asthma phenotype [37]. In contrast,
a recent meta-analysis concluded that exercise training
had no effect on airway inflammation among patients
with asthma [4]. In our study, airway inflammation, as
indicated by level of FeNO, was negatively correlated with
the level of fitness and sedentary behavior (although not
correlated with steps per day), and positively correlated
with blood eosinophil count and the SF-12 Physical
Health score, thus supporting a possible association
between low levels of airway inflammation and a high
level of physical activity. The association between eosino-
philic count and airway inflammation is well understood,
but the findings presented here suggest that increased
airway inflammation is also associated with a lower level
of physical health in general and a higher level of seden-
tary behavior, thus leading to another ‘chicken or egg’
dilemma: what comes first, inactivity or inflammation? It
is known that elite athletes, especially those performing
endurance sport [35,38,39], develop asthma during their
active elite period, indicating the exercise training might
paradoxically induce asthma if it is undertaken too
vigorously.

Lastly, the MiniAQLQ and the SF-12 Mental Health
score was associated with a reduced fitness score, leading
us to conclude that good cardiopulmonary fitness not only
improves the level of asthma control and airway inflamma-
tion but also the quality of life and mental health status. The
association with mental health and health-related quality of
life and the association with exercise training is well known
[40]. This helps to validate our methods and adds support
to what is already known on the subject. Nonetheless, the
association with airway inflammation is a relatively under-
research subject and studies, including ours, call for more
investigation into the matter [41,42]. A recent meta-
analysis concluded that, based on the current research,
there is no apparent relation between the two [4].

When compared with other similar studies, we believe
that some of the strengths of this study are the following: 1)
long wearing time of the PA measuring device, 2) a low
tolerance for non-adherence of the device with 15 minutes
of no-data or non-wearing time per 24 hours allowed,
giving an only 1% error margin, and 3) the confirmatory
analysis with both major outcomes and the cross-
correlated matrix enhance validity and accuracy.
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Especially, the amount of activity data as a result of the
long wearing time really elevates the validity compared to
similar studies, as in our study the mean collecting time
for activity data was 24.4 days. Each individual week for
one person is different and activity levels can vary greatly,
and therefore long period of collecting data was essential
for us. Of the six comparable studies, five studies mea-
sured activity for 7 days straight and the last one 14 days
(but excluded sleeping and non-wear time) [3].

We also experienced some limitations. As this study
was done in the fall of 2019 and the spring of 2020, it
was cut short due to the global Covid-19 pandemic.
This resulted in the inclusion of fewer participants in
both groups. Although we originally aimed for consid-
erably more participants, after the analyses, this see-
mingly does not affect the results. Also, the many
statistical tests may increase the risk of type 1 errors.
However, as we repeat the analyses at both week 0 and
4, the risk is somewhat reduced as we replicate the
findings immediately. Nevertheless, our results should
be interpreted as exploratory and need replication in
independent cohorts.

Finally, the participants were very adherent to their
asthma medication, which is both a strength and
a limitation. It limits the study results as the participants
are not completely representative of the general asthma
population. On the other hand, the results are strengthened
as the study participants were adherent when entering the
study and thus less likely to optimize adherence during the
observation-period, which might have biased the results.

Conclusions

Our results found no significant differences in seden-
tary behavior, steps per day or level of fitness between
patients with severe asthma and those with mild-mod-
erate asthma. Those with the highest VO,max were
found to have the lowest level of airway inflammation
and the best quality of life.

Airway inflammation (FeNO) was positively corre-
lated with sedentary time but, interestingly, not with
steps per day. Considering this and that this study is
the first to compare sedentary behavior between
asthma disease severity groups, these results underline
the need for more research on the association between
sedentary behavior and airway inflammation indepen-
dent of physical activity.
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