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What is already known about this topic? People with severe asthma seem to engage in lower levels of activity than
controls. Low physical activity in severe asthma is associated with impulse oscillometric airway resistance and small
airway dysfunction.

What does this article add to our knowledge? Physical activity measured as steps per day is strongly associated with
exercise capacity and systemic inflammation in severe asthma. To a lesser extent, activity and sedentary time are
associated with asthma control, health status, and lung function.

How does this study impact current management guidelines? These results suggest that addressing inactivity and
sedentary time may be a potential nonpharmacological approach in the management of severe asthma.
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BACKGROUND: Physical inactivity and sedentary time are
distinct behaviors that may be more prevalent in severe asthma,
contributing to poor disease outcomes. Physical activity and
sedentary time in severe asthma however have not been
extensively examined.
OBJECTIVE: We aimed to objectively measure physical activity
and sedentary time in people with severe asthma compared with
age-matched control participants, describing the associations of
these behaviors with clinical and biological outcomes. We hy-
pothesized that people with severe asthma would be less active
and more sedentary. In addition, more activity and less sedentary
time would be associated with better clinical outcomes and
markers of systemic and airway inflammation in people with
severe asthma.
METHODS: Adults with severe asthma (n [ 61) and sex- and
age-matched controls (n [ 61) underwent measurement of lung
function, exercise capacity, asthma control, health status, and
airway and systemic inflammation. Physical activity and seden-
tary time were measured using an accelerometer.
RESULTS: The severe asthma and control groups were matched
in terms of age and sex (32 [53%] females in each group).
Individuals with severe asthma accumulated less minutes per day
in moderate and higher intensity activity, median (IQR) 21.9
(12.9-36.0) versus 41.7 (29.5-65.2) (P < .0001) and accumulated
2,232 fewer steps per day (P [ .0002). However, they engaged
in more light-intensity physical activity. No differences were
found for sedentary time. In a multivariate regression model,
steps per day were strongly and independently associated with
better exercise capacity in participants with severe asthma (co-
efficient, 0.0169; 95% CI, 0.008-0.025; P < .001).
CONCLUSIONS: People with severe asthma perform less
moderate and vigorous activity than do controls. Higher levels of
activity and lower levels of sedentary time are associated with
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Abbreviations used

6MWD- 6
-minute walk distance

ACQ- A
sthma Control Questionnaire
AQLQ- A
sthma Quality of Life Questionnaire

COPD- C
hronic obstructive pulmonary disease

FENO- F
ractional exhaled nitric oxide
hs-CRP- H
igh-sensitivity C-reactive protein

MVPA-M
oderate- to vigorous-intensity physical activity
better exercise capacity, asthma control, and lower levels of
systemic inflammation. � 2017 American Academy of Al-
lergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2018;6:814-22)

Key words: Severe asthma; Physical activity; Sedentary time;
Accelerometry; Exercise capacity; Associations; Clinical
outcomes

Severe asthma is a heterogeneous and complex disease in which
diverse clinical and physiological presentations are common.1

Severe asthma represents a high patient and health care
burden.2 It is, thus, necessary to explore novel strategies to
improve health status in severe asthma and to minimize this
burden. The importance of multidisciplinary management ap-
proaches in severe asthma has been recognized.3 Within these, the
identification and subsequent management of modifiable risk
factors or behaviors, such as inactivity, can be seen as an adjunct
strategy for the management of the disease.4

In general populations, physical activity and exercise are regar-
ded as highly beneficial, leading to positive health outcomes.5-7

Engagement in excess sedentary time is an important risk factor
for the development of several chronic diseases and premature
mortality.8,9 Physical activity is defined as any bodily movement
generated by the skeletal muscles and resulting in energy expen-
diture. Depending on intensity and metabolic equivalent of task
units, it is classified as light, moderate, or vigorous physical activity,
where light corresponds to the lower metabolic equivalent of tasks
or energy expenditure.5 Mild stretching, low impact dancing, and
running correspond to examples of light, moderate, and vigorous
physical activity, respectively.10 Sedentary time refers to activities
performed while awake in a lying or sitting position and expending
low levels of energy (�1.5 metabolic equivalent of tasks).11 The
physical activity and sedentary guidelines recommend engaging in
at least 150 min/wk of moderate activity, or 75 min/wk of
vigorous activity (or equivalent combination), and to sit less and
for shorter periods of time.12 In other obstructive airway diseases
such as chronic obstructive pulmonary disease (COPD), physical
inactivity and sedentary time are increased compared with healthy
controls.13,14 These behaviors have been independently associated
with worse clinical and inflammatory outcomes,15 and increased
mortality in this disease.16,17 In asthma, a potential link between
inactivity and mortality has not been reported. However, higher
adherence to physical activity in asthma has been associated with
better asthma control,18 reduced exacerbations,19 and reduced
health care use.20 Data on inflammatory parameters are scarce.21

In severe asthma, inactivity and sedentary time are likely to be
particularly extreme due to the poor disease control and associ-
ated comorbidities, such as obesity, anxiety, and depression.1

Despite this, very few studies have objectively measured phys-
ical activity in this population,22 and the prevalence of sedentary
time has not been addressed in severe asthma. In addition, very
few studies have assessed the impact of these behaviors on health
outcomes in the disease.22

The aims of this study therefore were to objectively measure
physical activity and sedentary time in a severe asthma popula-
tion compared with age-matched controls, and to describe the
associations of these behaviors with clinical measures such as
asthma control, health status, exercise capacity, lung function,
and markers of airway and systemic inflammation.

We hypothesized that people with severe asthma are less active
and more sedentary than are their age- and sex-matched coun-
terparts, and that higher levels of physical activity and lower
levels of sedentary time in severe asthma are associated with
better clinical outcomes and lower levels of systemic and airway
inflammation. In addition, we sought to test the hypothesis that
moderate-intensity physical activity can counteract the detri-
mental health outcomes associated with high levels of sedentary
time, as it has been previously suggested.23,24
METHODS

Participant selection
A cross-sectional characterization study was conducted. Adults

with severe asthma and sex- and age-matched controls were recruited
and underwent a multidimensional assessment with objective mea-
sures of physical activity and sedentary time. Participants with severe
asthma were recruited consecutively from the respiratory ambulatory
care clinics at John Hunter Hospital (Newcastle, Australia) and the
clinical research databases of the Priority Research Centre for
Healthy Lungs at the University of Newcastle (Newcastle, Australia).
Participants with respiratory physician-diagnosed severe asthma were
eligible if they met the current guideline definition for severe
asthma1: prescribed Global Initiative for Asthma step 4 treatment or
above, defined as 1,000 mg inhaled corticosteroid fluticasone
equivalent and long-acting b2-agonists,25 had evidence of airflow
limitation (FEV1 <80% predicted), and ongoing poor asthma
control (Asthma Control Questionnaire [ACQ]26 score �1.5 units
or had experienced a severe exacerbation in the last 12 months
requiring oral corticosteroids). Participants were clinically stable
during visits (no increase in asthma symptoms in the last 4 weeks).
Otherwise, their enrolment was postponed until they were stable.
Exclusion criteria included malignancy with poor prognosis
(<3 months).

Age- and sex-matched controls were recruited via the research
database of the Hunter Medical Research Institute and community
advertisement, and were eligible if they were older than 18 years and
nonsmokers and had no objective evidence of chronic respiratory
disease.

Ethics approval was granted by the human research ethics
committees of the Hunter New England Local Health District
(08/08/20/3.10) and the University of Newcastle, Australia. The
study was conducted according to Good Clinical Practice Guidelines
and each participant provided written informed consent.
Procedures

Clinical measurements. Participants underwent a multidi-
mensional assessment27 involving measurement of height and
weight, allergy skin prick tests, serum IgE, comorbidities,28 anxiety
and depression,29 and smoking status. Further assessments are
described below.
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Exercise capacity. The 6-minute walk test was performed
according to current guidelines30 to measure exercise capacity. The
6-minute walk distance (6MWD) was calculated.

Asthma control and health status. Asthma control was
assessed using the ACQ.26 Higher scores represent poorer asthma
control. Health status was measured using the Asthma Quality of
Life Questionnaire (AQLQ).31 Higher scores represent better
asthma-related quality of life. A change of 0.5 or more units is
considered clinically significant for both questionnaires.32,33

Airflow limitation. Airflow limitation was assessed by
measuring spirometry: FEV1, forced vital capacity, and FEV1/forced
vital capacity ratio (Medgraphics, CPFS/D USB Spirometer;
BreezeSuite v7.1, MGC Diagnostics, Saint Paul, Minn).34 FEV1 and
forced vital capacity percent predicted were calculated using the
Third National Health and Nutrition Examination Survey predicted
equations.35

Airway inflammation. Eosinophilic airway inflammation was
assessed in 2 ways: using fraction of exhaled nitric oxide (FENO)
(ANALYZER CLD 88 Series with DENOX 88; Eco Physics AG,
Duernten, Switzerland)36 and from sputum eosinophil counts
obtained from induced sputum. The samples were induced37 using
nebulized 4.5% or 0.9% saline if the prebronchodilator FEV1 was
less than or equal to 1 L. Lower respiratory sputum portions were
selected and dispersed using dithiothreitol. Total cell counts and cell
viability (Trypan blue exclusion) were performed, followed by
preparation of cytospins for differential cell counts using
May-Grunwald Giemsa. Airway eosinophilia was defined as sputum
differential eosinophil count of greater than or equal to 3%.38

Systemic inflammation. Systemic inflammation was
measured by peripheral blood high-sensitivity C-reactive protein
(hs-CRP) and analyzed through the Hunter Area Pathology Service.

Physical activity and sedentary time. Physical activity
and sedentary time were assessed using the ActiGraph wGT3X-BT
(ActiGraph, Pensacola, Fla), a device widely used in research,39-41

and validated for populations with COPD.42 This is a small de-
vice (4.6 cm � 3.3 cm � 1.5 cm) that participants were fitted with
to wear on a belt around their waist, positioned over the dominant
hip, for 14 consecutive days. They were instructed to remove the
monitor during water-based activities and to record sleeping time
and nonwear periods in a diary. The ActiGraph measures time-
varying changes in force and activity levels recorded as counts,
which are then summed over a user-specified time frame, or epoch.43

The device was initialized using the ActiLife 6.11.6 Data Analysis
Software (ActiGraph, Pensacola, Fla), to collect raw data (accelera-
tions or counts) in the vertical axis at 30 Hz rate in an epoch length
of time of 10 seconds. Sleep and any nonwear time were estimated
from the diaries and visual examination of the ActiGraph data and
removed before classification. ActiLife software was used to sum-
marize the data. We classified time according to the widely used
Freedson 1998 cutoff points: Sedentary (0-99 counts per minute
[CPM]), light physical activity (100-1951 CPM), and moderate and
above physical activity (�1,952 CPM).44 The ActiGraph also cap-
tures steps per day. Our measures of physical activity and sedentary
time were daily time in sedentary time (min/d), daily time in light
physical activity (min/d), daily time in moderate- to vigorous-
intensity physical activity (MVPA) (min/d), and daily number of
steps (Steps [steps/d]). We reported both MVPA and Steps because
although the MVPA describes the volume of moderate- to high-
intensity activity and can be compared with the physical activity
recommendations,12 Steps is an output easy to interpret and could
be used as a motivational and informative tool both for patients and
for clinicians. Sedentary time and light physical activity were stan-
dardized for wear time by the residuals method.45 The data were
considered valid if there were recordings of 4 or more days, with 10
or more hours of recording each day.

Statistical analysis

Data were analyzed using STATA 13 (Stata Corporation, College
Station, Texas). Values are expressed as means with CIs for para-
metric data and medians with interquartile range for nonparametric
data. Differences between the group with severe asthma and the age-
and sex-matched control group were assessed using the Student t test
or the Wilcoxon rank sum test based on normality.

The associations between the different clinical and biological
outcomes and the behavioral variables (sedentary time, MVPA, and
Steps) adjusting for potential confounders (body mass index and
current smoking status) were estimated using simple linear regression
analysis. Each behavioral variable was used as a predictor of a given
clinical or biological outcome (dependent variable: FEV1% pre-
dicted, 6MWD, ACQ score, AQLQ score, FENO, and hs-CRP). Age
and sex were regarded as biological confounders and included in all
the models. Behavioral variables and confounders with a P value of
less than .2 were also included in a stepwise multiple linear regres-
sion analysis to identify the associations between each behavioral
variable (sedentary time, MVPA, and Steps) and each biological/
clinical outcome (model 1). To test whether moderate physical ac-
tivity (Steps or MVPA) can counteract the detrimental health out-
comes associated with sedentary time, further models were used,
adjusting for sedentary time as well as other confounders (model 2).
Assumptions for linear regressions were met. Colinearity between the
activity (MVPA or Steps) and sedentary variables was rejected.
Hs-CRP and FENO were transformed to the natural logarithm for the
linear regression. This means that the dependent variable changes by
100 � [exp(coefficient) � 1] percent for each 1-unit increase in the
independent continuous variable. Logistic regressions were used to
test the associations of sedentary and active time with airway
eosinophilia, and the association between better performance in the
6-minute walk test (defined as �median [�499 m]) and higher
engagement (�30 minutes) in MVPA. Spearman rank correlation
tested the relationship between activity variables and 6MWD. Re-
sults were reported as significant when P was less than .05.
RESULTS

Characteristics of the study population

A total of 143 participants (those with severe asthma ¼ 74,
controls ¼ 69) completed the study and 122 (those with severe
asthma ¼ 61, controls ¼ 61) were included in the analysis; 21
participants were excluded because of not having valid acceler-
ometer data (those with severe asthma ¼ 8, controls ¼ 5) or
because they did not fulfill the disease inclusion criteria after
assessment (those with severe asthma ¼ 5, controls ¼ 3). Par-
ticipants with severe asthma had long-standing disease (median,
27 years) and poor asthma control. They also had a higher body
mass index and increased prevalence of atopy, lower lung func-
tion, and higher scores of anxiety and depression compared with
age- and sex-matched controls. Demographic and clinical char-
acteristics are presented in Table I.



TABLE I. Demographic and clinical characteristics

Characteristic Patients with severe asthma Controls P value

N 61 61

Sex, FjM (% females) 32j29 (52.46) 32j29 (52.46) 1

Age (y), median (IQR) 59 (43 to 68) 54 (34 to 63) 0.0633

BMI (kg/m2), mean (95% CI) 30.00 (28.06 to 31.89) 25.40 (24.42 to 26.38) 0.0001
Smoking status, currentjex (%) 6.6j47.5 0j29.5
Pack-year, mean (95% CI) 5.0 (2.71 to 7.28) 3.0 (�0.43 to 6.35) 0.322

Years since diagnosis, median (IQR) 27.11 (15.03 to 50.76) NA

OCS, % participants medicated 39.34 NA

ICS* dose (mg), mean (95% CI) 1091.10 (961.25 to 1220.96) NA

Prebronchodilator FEV1 (L), mean (95% CI) 2.27 (2.05 to 2.49) 3.20 (2.98 to 3.42) <0.0001
Prebronchodilator FEV1% predicted, mean (95% CI) 75.12 (69.41 to 80.82) 96.94 (93.44 to 100.45) <0.0001
Prebronchodilator FVC (L), mean (95% CI) 3.39 (3.13 to 3.66) 4.01 (3.75 to 4.27) 0.0012
Prebronchodilator FVC% predicted, mean (95% CI) 87.01 (82.32 to 91.71) 96.51 (93.16 to 99.85) 0.0013

FEV1/FVC ratio, mean (95% CI) 0.67 (0.63 to 0.69) 0.80 (0.78 to 0.81) <0.0001
hs-CRP (mg/L), median (IQR) 1.8 (1 to 6) 1.1 (0.6 to 2.5) 0.0024

FENO (ppb), median (IQR) 11.5 (5.42 to 31.45) 9.84 (4.6 to 18.3) 0.1024

Sputum eosinophilia (�3%), n (%) 29 (59.2) 5 (11.36) <0.0001
IgE (IU/mL), median (IQR) 225.500 (70 to 498) NA

Atopy, n (%) 48 (82.76) 35 (58.33) 0.0037

HADS (anxiety score), mean (95% CI) 6.67 (5.70 to 7.64) 3.80 (3.02 to 4.58) <0.0001
HADS (depression score), mean (95% CI) 4.57 (3.81 to 5.34) 1.37 (0.92 to 1.82) <0.0001
CCI score �1, n (%) 16 (26.70) 2 (3.28) 0.0003

ACQ score (units), mean (95% CI) 2.23 (1.95 to 2.50) NA

AQLQ score (units), mean (95% CI) 5.15 (4.85 to 5.46) NA

Severe exacerbation past 12 mo, median (IQR) 2 (1 to 5) NA

6MWD (m), median (IQR) 499 (417.7 to 542.2) 616.2 (568.4 to 659.30) <0.0001
6MWD % predicted, mean (95% CI) 71.78 (68.13 to 75.44) 85.71 (82.51 to 88.92) <0.0001

BMI, Body mass index; CCI, Charlson comorbidity index; FVC, forced vital capacity; HADS, Hospital Anxiety and Depression Scale; ICS, inhaled corticosteroid; ICS*,
fluticasone equivalent; IQR, interquartile range; NA, not applicable or not assessed; OCS, oral corticosteroid.
Bold indicates statistical significance (P < .05).
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Physical activity and sedentary time in the group

with severe asthma and the age- and sex-matched

control group
Compared with controls, people with severe asthma per-

formed less activity of at least moderate intensity. The group
with severe asthma had a median difference of 19.8 fewer mi-
nutes of MVPA per day (P < .0001) and 2455 fewer steps per
day (P ¼ .0002). Conversely, the population with severe asthma
engaged in more light physical activity, with a mean (95% CI)
difference of 21.7 (2.2-41.1) more minutes per day (P ¼ .029).
No statistically significant differences were found in sedentary
time between the 2 populations (Figure 1).

Associations of physical activity and sedentary time

with clinical outcomes and biological markers in

participants with severe asthma

Exercise capacity. Physical activity (Steps and MVPA) and
sedentary time were significantly associated with exercise capac-
ity, explaining 35.25%, 29.69%, and 27.3% of the adjusted
variance in the 6MWD, respectively (Table II/model 1). For
every additional 1,000 steps, there was a 16.9-m increase in the
6MWD. For every minute increase in sedentary time, there was a
decrease of 0.47 m in the 6MWD. Accordingly, every additional
hour spent sedentary is associated with a 28.2-m reduction in the
6MWD.
There was a linear relationship between Steps and the 6MWD
(Figure 2, A). For MVPA (Figure 2, B) there was also an
apparent threshold effect where those participants with a 6MWD
performance of greater than or equal to the median (499 m) were
also the participants engaging daily in 30 minutes or more of
MVPA, a volume of activity that fits within the physical activity
recommendations12 (odds ratio, 6.09; P ¼ .005). This suggests
that a value of around 500 m in the 6MWD could identify
individuals engaging in recommended levels of MVPA.

Simultaneously including sedentary time with MVPA or Steps
in the model attenuated the associations of MVPA and sedentary
time to the null. However, the association of Steps with exercise
capacity remained similar and still statistically significant
(Table II/model 2). A 1,000-step increase was associated with
better performance in the 6MWD by 21 m. This suggests that
regardless of the time spent sedentary, higher levels of walking
were still strongly associated with a significant improvement in
exercise capacity.

Lung function, asthma control, and health status. The
activity and sedentary variables were also significantly associated
with lung function, asthma control, and health status, except
for Steps and FEV1% predicted, and sedentary time and the
AQLQ score. In contrast to the impact of activity on exercise
capacity, the effect on these clinical outcomes was weaker but



FIGURE 1. Sedentary time (A), Light PA (B), Moderate and vigorous PA (C), and Steps (D) in severe asthma and aged-matched control.
Values reported as mean � SD or median [interquartile range]. Number of participants in each group (n ¼ 61). C, controls; PA, physical
activity; SA, severe asthma.

TABLE II. Association of physical activity and sedentary time
with exercise capacity as 6MWD

Model

Models for 6MWD

Coefficient (95% CI) Significance Adjusted R2

Model 1

ST �0.47 (�0.79 to �0.14) .006 0.27

MVPA 1.70 (0.64 to 2.75) .002 0.30

Steps 0.01 (0.00 to 0.02) .000 0.35

Model 2

Steps 0.02 (0.00 to 0.04) .010
ST 0.18 (�0.39 to 0.75) .531 0.35

MVPA 1.24 (�0.32 to 2.80) .117

ST �0.19 (�0.66 to 0.28) .429 0.29

BMI, Body mass index; PA, physical activity; ST, sedentary time.
Model 1 ¼ each behavioral variable (ST, MVPA, or Steps) as a predictor of exercise
capacity. Model 2 ¼ PA (Steps or MVPA) as a predictor of exercise capacity, after
adjustment for ST and confounders. Models adjusted for age, sex, and BMI.
Bold indicates statistical significance (P < .05).
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nonetheless statistically significant and biologically plausible.
For every 10-minute increase in MVPA, the ACQ score
decreased (improved) by 0.21 units, whereas the AQLQ score
increased (improved) by 0.16 units (Table III/model 1). These
results suggest that a 25-minute increase in MVPA is associated
with a clinically significant improvement in ACQ score (0.52
units). Regarding sedentary time, every 100-minute increase in
this behavior is associated with a clinically significant decline in
the ACQ score (0.51 units).

The only activity variable that remained statistically significant
after adjustment for sedentary time was ACQ score and MVPA.
Every 15-minute increase in MVPA was associated with a
decrease (improved) of 0.29 units in ACQ score (Table III/
model 2). The coefficient of sedentary time was also attenuated
to the null in this model.

In the remaining models, the activity (MVPA or Steps) and
sedentary variables together were mutually excluded. Neverthe-
less, in most of the models, the direction of the coefficients
indicated that the decrease in sedentary time and the increase in
activity led to modest improvements in clinical markers.
Biological markers. No relationship was found between the
behavioral variables and eosinophilic airway inflammation
measured by sputum cell counts (Table IV). In simple linear
regression analyses, the significance level for FENO was more than
.2 and thus not included in the stepwise model.

Steps were significantly associated with hs-CRP. For every
increase of 1,000 steps, the hs-CRP was reduced by 13%. No
relationship was found between hs-CRP and MVPA or sedentary
time (Table V/model 1).

Only Steps remained significantly associated with hs-CRP
after adjustment for sedentary time. For every increase of
1,000 steps, the hs-CRP was reduced by 17% (Table V/model
2). The coefficients for the associations of sedentary time were



FIGURE 2. Relationship between physical activity and 6MWD in meters. A, r ¼ 0.453. B, r ¼ 0.502 (P < .001 both).

TABLE III. Association of physical activity and STwith clinical outcomes

Model

Models for FEV1 (%) Models for AQLQ (units) Models for ACQ (units)

Coefficient (95% CI)* Sig. Adj. R2 Coefficient (95% CI)* Sig. Adj. R2 Coefficient (95% CI)* Sig. Adj. R2

Model 1

ST �7.90 (�15.63 to �0.17) .045 0.10 �0.35 (�0.76 to 0.04) .081 0.15 0.51 (0.14 to 0.89) .007 0.12

MVPA 28.69 (3.31 to 54.07) .027 0.11 1.59 (0.29 to 2.89) .018 0.19 �2.15 (�3.33 to �0.97) .001 0.19

Steps 0.17 (�0.03 to 0.38) .096 0.08 0.01 (0.00 to 0.02) .015 0.20 �0.01 (�0.02 to �0.00) .005 0.13

Model 2

Steps �0.00 (�0.38 to 0.37) .994 0.01 (�0.00 to 0.03) .078 �0.00 (�0.02 to 00.0) .304

ST �7.95 (�22.25 to 6.35) .27 0.08 0.19 (�0.53 to 0.23) .597 0.19 0.21 (�0.47 to 0.90) .537 0.12

MVPA 20.65 (�17.43 to 58.73) .282 1.59 (�0.37 to 3.55) .111 �1.94 (�3.69 to �0.18) .032
ST �3.27 (�14.78 to 8.23) .571 0.10 �0.00 (�0.59 to 0.59) .998 0.18 0.08 (�0.44 to 0.62) .740 0.18

Adj., Adjusted; BMI, body mass index; Sig., significance; ST, sedentary time.
For rationale of models 1 and 2, refer to captions in Table II. All models adjusted for age and sex. AQLQ score adjusted for smoking status. ACQ score adjusted for smoking
status and BMI.
Bold indicates statistical significance (P < .05).
*Coefficients and CI expressed as �10�2.

TABLE IV. Association of physical activity and ST with airway
inflammation

Predictors

Simple logistic regression airway eosinophilia

Odds ratio (95% CI) Significance Adjusted R2

ST 1.00 (0.99-1.01) .315 0.02

MVPA 1.01 (0.98-1.035) .470 0.01

Steps 1.00 (0.99-1.00) .246 0.02

ST, Sedentary time.
Airway eosinophilia defined as eosinophil count of �3% in sputum cell.
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attenuated to the null. The model explained 48.6% of the
variance in systemic inflammation.

DISCUSSION
This study has described the extent to which individuals with

severe asthma engage in physical activity and sedentary time
compared with a sex- and age-matched control population. We
have demonstrated that people with severe asthma are consid-
erably less active. In addition, we found that levels of activity and
sedentary time are strongly and independently associated with
exercise capacity, and to a lesser extent with other important
clinical and biological outcomes. Our results also demonstrate
that the detrimental effects of sedentary time are attenuated
when participants engage in some physical activity, especially of
moderate or higher intensity.

In terms of the levels of activity and sedentary time, our results
are consistent with those of several studies conducted in patients
with mild and moderate asthma using both objective and sub-
jective activity measurement.18,22,46-48 However, very few studies
have objectively examined physical activity in patients with severe
asthma,22 and to our knowledge this is the first study to report
levels of sedentary time in this population. Our finding that
people with severe asthma move 31.4% fewer steps per day
compared with a control group is consistent with the finding of a
recent study that reported 31% lower steps.22 However, in
comparison to Bahmer et al,22 our study reported a larger dif-
ference in MVPA between people with severe asthma and controls
(47.5% vs 23%), and the participants in our study were less active
than the participants in the Bahmer et al22 study (22 min/d vs
125 min/d of MVPA). It should be noted though that the au-
thors22 used a different device to measure MVPA (SenseWear Pro
Armband; BodyMedia, Pittsburgh, Pa). Studies using the Acti-
Graph in a bronchiectasis population49 have reported similar
activity results as our study.



TABLE V. Association of physical activity and sedentary time with inflammatory biomarkers

Model

SLR models for Ln_FENO Models for Ln_hs-CRP

Coefficient (95% CI)* Sig. Adj. R2 Coefficient (95%CI)* Sig. Adj. R2

Model 1

ST 1.92 (�2.23 to 6.07) .358 �0.00 3.36 (�0.08 to 6.80) .56 0.45

MVPA �1.02 (�14.74 to 12.70) .882 �0.02 �10.47 (�21.79 to 0.84) .069 0.45

Steps �0.02 (�0.13 to 0.08) .617 �0.01 �0.13 (�0.22 to �0.03) .006 0.49

Model 2

Steps �0.17 (�0.34 to �0.00) .038
ST ND �2.09 (�8.24 to 4.04) .497 0.49

MVPA �5.15 (�21.95 to 11.63) .54

ST ND 2.20 (�2.92 to 7.32) .393 0.45

Adj., Adjusted; BMI, body mass index; Ln_FENO, natural logarithm FENO; Ln_hs-CRP, natural logarithm hs-CRP; ND, not done; Sig., significance; SLR, simple linear regression
analysis; ST, sedentary time.
For rationale of models 1 and 2, refer to captions in Table II. Ln_hs-CRP was adjusted for age, sex, and BMI.
Bold indicates statistical significance (P < .05).
*Coefficients and CI expressed as � 10�3.
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We observed that the difference in physical activity between
patients with severe asthma and controls is larger for higher in-
tensities of activity than for Steps. This finding has also been
reported in patients with mild to moderate COPD,50 and sug-
gests that activity limitation is first manifested at higher in-
tensities of activity rather than lighter. In fact, our population
with severe asthma accumulated more minutes in light physical
activity than did healthy controls.

In the general adult population, a widely promoted target for a
desirable level of activity is 10,000 steps.51 Our population with
severe asthma achieved only 5362 daily steps, thus a little more
than half of the recommended level, and similar to the level
reported in patients with moderate to severe COPD50,52 and
patients with bronchiectasis.49 This suggests that people with
obstructive airway disease regardless of diagnosis are engaging in
levels of activity that are far below those recommended for adult
populations. Direct comparisons between these populations have
not yet been reported.

The beneficial role of physical activity and exercise on outcomes
such as exacerbations, asthma control, cardiopulmonary fitness,
and health status has been previously described in populations
with general asthma.19,20,53-55 However, to our knowledge, this is
the first time that the association between exercise capacity and
objectively measured physical activity and sedentary time has been
reported in patients with severe asthma. Sedentary time attenuated
the associations of MVPA with exercise capacity but not the as-
sociations of Steps with exercise capacity. This suggests that the
greatest benefit on exercise capacity is achieved by performing
activity of light to moderate intensity distributed throughout the
day, rather than more vigorous but sporadic activity.

The 6MWD has been identified as a predictor of survival in
COPD56 and associated with hospitalization and increased
mortality.57-59 In COPD, a 6MWD of 350 m or less is
regarded as poor performance.58 We found that individuals
with a 6MWD of 499 m or more were 6 times more likely to
engage in recommended levels of MVPA (�30 minutes
daily),12 suggesting that this distance may be a suitable cutoff
for people with severe asthma. However, this requires further
investigation. A difference of 30 m or more has been proposed
as the minimal clinically important difference, and furthermore
a decrease of this magnitude is associated with increased risk of
death in COPD.60 To date the 6MWD minimal clinically
important difference for severe asthma is not known. However,
the fact that an increase of 1,000 steps was associated with an
increase of 22 m (after adjusting for sedentary time) indicates
the potential benefits of targeting physical activity as a modi-
fiable behavior in severe asthma.

Our study also found that physical activity and sedentary time
are associated with asthma control, health status, and lung
function. The strength of the associations was rather modest and
a very large change in activity (>4,000 Steps or >25 minutes of
MVPA) was necessary to reach the 0.5 unit minimal clinically
important difference defined for the ACQ33 and the AQLQ.32

However, because the promotion of activity in severe asthma
should be considered as an adjunct treatment, it may contribute
to improved disease control when combined with pharmaco-
logical and other risk factor management.

We did not find any association between the activity or
sedentary variables and measures of eosinophilic airway inflam-
mation. However, it should also be noted that our population
was on maximum-intensity inhaled corticosteroid therapy, and
this may have modified any potential relationship between the
behavioral variables and airway eosinophilia or FENO. This is
further supported by the finding that FENO levels, a marker of
corticosteroid responsiveness,36 were not different between the
severe asthma and control populations, suggesting that FENO was
suppressed by inhaled corticosteroid treatment. These findings
suggest that the pathway of inactivity in severe asthma may be
more related to breathlessness and/or exercise capacity than to
airway inflammation.

Others have reported the positive impact of exercise on
markers of airway inflammation (FENO and sputum eosino-
philia). This may relate to the baseline characteristics of the
participants rather than exercise itself as studies have reported
decrease in FENO after a bout of exercise in physically inactive
people with asthma and not in those who were active,61 and
participants with increased inflammatory parameters (FENO �26
ppb and �3% sputum eosinophils) had the greatest improve-
ment after exercise training.54 Whether the positive effects of
exercise on airway inflammation can be reproduced by shifting to
higher and extended levels of daily physical activity needs further
investigation.
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In terms of systemic inflammation, we found that more steps
per day were associated with lower hs-CRP levels, after adjust-
ment for body mass index, sedentary time, and other con-
founders. This suggests a potential benefit of physical activity as a
complementary therapy to target systemic inflammation in severe
asthma. The role of hs-CRP in the clinical management of severe
asthma is still unclear. However, there are data linking systemic
inflammation to increased risk of exacerbation,62 and to
increased asthma severity.63 Exercise also appears to have anti-
inflammatory effects.64 In COPD, it has been demonstrated
that higher levels of physical activity are independently associated
with lower levels of hs-CRP.65,66 However, very little data exist
on systemic inflammation and exercise in asthma. One study
reported a reduction in serum proinflammatory cytokines (IL-6
and monocyte chemotactic protein 1) after aerobic training.54

Interestingly, Scott et al67 reported decreases in serum IL-6
levels with exercise and diet, but not with exercise alone, and
no change in hs-CRP with either intervention. Our findings may
support the idea that activity carried out at a moderate level has a
more beneficial effect on systemic inflammation than more
strenuous, but acute, activity.

Our study has some limitations. Because of its cross-sectional
design, it is not possible to infer causality of our findings. We
chose to use the ActiGraph because despite being developed as a
research tool, it is becoming increasingly used in population
studies24,40 as well as in clinical setting studies.49 This device has
been validated in populations with COPD, being one of the
most accurate in detecting different walking speeds68 and esti-
mating activity energy expenditure.42,69 However, sedentary time
has been shown to be more accurately measured with postural-
based accelerometers, such as activPAL.70 Also, there are
conflicting data regarding the most suitable cutoff point for
ActiGraph to measure sedentary time in adult populations, with
cutoff points ranging from 25 to 500 CPM.70-73 It has been
suggested that both activity and sedentary parameters can vary
greatly depending on the cutoff point used.73 The less than 100
CPM cutoff point that we used has been shown to be detri-
mentally associated with cardiometabolic measures in adults,41

and previously reported in large population studies.39 Thus,
our prevalence results could be compared with previous estimates
in the literature.41,49,74 In addition, considering the scarce in-
formation available on sedentary time in patients with severe
asthma, these data provide useful insight into how this behavior
is associated with both different spectrums of activity and
different disease outcomes. Last, we acknowledge that we have
not addressed several comorbidities, such as cardiovascular dis-
eases and musculoskeletal conditions, that may negatively impact
on the level of activity and sedentary time or interact with some
of the dependent outcomes. This is an area for future research.
These conditions, however, are not more prevalent in patients
with severe asthma than in a control group,1 and so our study
design would account for these issues.
CONCLUSIONS

This study reports novel data on physical activity and seden-
tary time in patients with severe asthma. We found that severe
asthma is associated with lower levels of MVPA. Higher levels
of activity and lower levels of sedentary time were linked to
better exercise capacity, asthma control, and decreased systemic
inflammation. Our results highlight a need to develop and test
interventions in patients with severe asthma that aim to improve
exercise capacity and systemic inflammation by increasing
walking and decreasing sedentary time, and improve asthma
control by increasing the volume of MVPA.
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