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a b s t r a c t

Contradictory findings have been reported in the literature on the impact that bronchial asthma may
have on habitual physical activity. The present study was designed to compare physical activity, objec-
tively measured with an activity monitor, between adults with bronchial asthma and apparently healthy
controls.

Valid registrations of physical activity were obtained in 226 patients with asthma and 201 healthy
controls. A multiple general linear model was used to test between group differences and to correct for
confounding of the results due to between group differences in BMI and employment status.

In the patients, statistically significantly lower values were found for average steps/day (�1202;
CI �1893 to �511; P ¼ 0.001), physical activity level based on an estimate of a person's total energy
expenditure (�0.035; CI �0.067 to �0.003); P ¼ 0.034) and daily time (minutes) spent at vigorous
intensive physical activity (�11; CI �17 to �1; P < 0.001). In addition, weak albeit significant correlations
were found between measures of physical activity and asthma control.

We conclude that bronchial asthma in adults is associated with a significant reduction in physical
activity as compared to apparently healthy controls and is accompanied by a lower perceived health
status. This is in support of the postulation of PA as potential pathway to better the outcome of care for
these patients.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Habitual physical activity (PA) appears to have a protective role
on the development of chronic illness in general, as well as in
developing bronchial asthma both in children and adults, specif-
ically [1,2]. Moreover, habitual PA seems to be a determinant of the
burden of disease in asthmatics. For instance, studies showed a
significant association between PA on the one hand, and on the
other hand, the likelihood of reporting an asthma exacerbation
over 1 year as well as the frequency of seeking medical assistance
[3,4]. Conversely, physical training may safely and significantly
improve exercise capacity and is found to be associated with
improved disease control in adults with asthma [5,6].
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Patients diagnosed with bronchial asthmamay be susceptible to
reduced levels of PA, because exercise and strenuous physical ac-
tivities are renowned triggers of bronchoconstriction in these pa-
tients, resulting in exertional dyspnoea and other respiratory
symptoms with exercise avoidance and deconditioning as potential
consequence [7]. Indeed, a recent review of the literature on
bronchial asthma and aerobic exercise concluded that individuals
with asthma are less likely to engage in physical activity than those
without asthma [8]. However, two other recent studies showed an
absence of reduced PA in asthmatics [9,10]. In addition, an annual
survey in the Netherlands concluded that PA of people with bron-
chial asthma was comparable to the general Dutch population [11].

An important limitation of all published studies on PA in bron-
chial asthma so far, is the use of subjective, self-report measures of
PA, i.e. questionnaires merely. Imperfect measurement properties
of PA questionnaires and diaries have been well-documented [12].
Hence, PA is preferably measured with so-called activity monitors.
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Newly developed technology, using accelerometers, is able to
distinguish bodily postures (lying, sitting, standing), has sensitivity
to capture also light activities, allows the detection of exercise in-
tensity and to make reliable estimates of energy expenditure [13].
To the best of our knowledge, PA has never been systematically
assessed in adults with asthma using accelerometer technology.

The present study aims to compare the level of objectively
measured free-living PA between adults with bronchial asthma and
an apparently healthy control group.

2. Materials and methods

The present study is a prospective, cross-sectional study with
the aim to compare PA between adult patients with bronchial
asthma and an apparently, healthy control group, taking into ac-
count potential confounding by sex, employment status, age and
body mass index.

2.1. Participants

In total 226 adult patients with bronchial asthmawere available
for this study. All these patients were newly referred to the
outpatient clinic of the pulmonary department of a Dutch Teaching
Hospital (Sint Franciscus Gasthuis, Rotterdam, The Netherlands)
between January 2013 and March 2015, by their family physician,
because of an unsatisfactory response to treatment in primary care.
Inclusion criteria were as follow:

(1) Chest physician confirmed diagnosis of bronchial asthma
according to Global Initiative for Asthma (GINA) guidelines [14]; (2)
on medication regimen as installed by the referring family physi-
cian; (3) relative stable state of disease without exacerbation for at
least 6 weeks; (4) absence of co-morbidities interfering with PA; (5)
age � 18 years.

In addition, 201 apparently healthy subjects could be recruited
among employees and relatives of the Sint Franciscus Gasthuis,
between January and May 2014, to serve as control group. In order
to obtain a convenient control group, employees of different dis-
ciplines were approached, i.e. housekeeping, administrative
personnel, nurses and physicians. Inclusion criteria were as follow:
(1) absence of a known pathologic condition that could impair PA in
daily life; (2) a ‘no’ to all of the following 3 questions: (a) have you
ever been diagnosed with asthma, (b) have you ever used inhala-
tion medication for asthma or bronchitis, (c) have you had episodes
of shortness of breath in the past 12 months; (3) not involved in
strenuous competitive sports activities; (4) absence of co-
morbidities interfering with PA; (5) not using drugs for any medi-
cal condition; (6) age � 18 years.

2.2. Study procedures

All patients participated in a standardized, diagnostic care
pathway for patients with obstructive lung disease in a hospital
outpatients setting [15]. This pathway consisted of 2 consecutive
sessions of 2e3 h each, separated by one week, in which all as-
sessments were carried out. In the intermediary week, a validated
activity monitor measured PA and medication regimes were
unaltered.

Control subjects were recruited among personal and relatives of
different departments within the hospital via leaflets and ‘word-of-
mouth’. The same activity monitor was used as in the patients for a
similar period of time. However, the controls did not undergo
pulmonary function testing, nor were they submitted to the asthma
specific health status questionnaires.

The Medical Ethics Committee of the Sint Franciscus Gasthuis
declared that this study was outside the remit of the Medical
Research Involving Human Subjects Act (in Dutch: WMO) and gave
a written confirmation that neither medical ethical approval nor
written informed consent from participants was needed for this
kind of study. In the patients, all measurements were part of the
routine care in our clinic and data were anonymously processed.
Moreover, thewearing of the DynaPort activity monitor was judged
not to be harmful, to have a negligible effect on human behavior
and not to affect or restrict daily functioning.

2.3. Clinical characteristics of the patients

All patients performed standardized spirometry according to
guidelines of the American Thoracic Society (ATS) and the European
Respiratory Society (ERS) in order to evaluate the presence and
reversibility of airway obstruction on inhalation of 400 mg salbu-
tamol [16]. Asthma control was measured with the Asthma Control
Questionnaire (ACQ) and quality of life with the Asthma Quality of
Life Questionnaire (AQLQ). Based on the scores of the ACQ, patients
were classified as controlled (score<0.75), partially controlled
(score 0.75e1.5) or having uncontrolled bronchial asthma
(score>1.5) [17,18].

2.4. Assessment of physical activity

2.4.1. Activity monitoring device
The DynaPort® MoveMonitor® (McRoberts, The Hague, The

Netherlands) activity monitor was used to measure free-living
physical activity. The DynaPort consists of a small
(85 � 58 � 12 mm), light case (78 g) containing three orthogonally
mounted acceleration sensors, a rechargeable battery, a USB
connection and a MicroSD card for raw data storage (204 h). The
monitor is worn over the lower lumbar spine, close to the sacrum.
The acceleration sensors uses a seismic sensor that responds to
both slow and fast changes in acceleration (sample
frequency ¼ 100 Hz). These features enable posture as well as
motion detection of the subjects. Reliability and validity of the
DynaPort MoveMonitor has been extensively documented, most
recently in an evaluation by the ProActive consortium [13]. McRo-
berts MoveMonitor software version 2.8.1 was used to analyze the
data from the DynaPort.

Patients as well as control subjects were instructed to wear the
monitor for 7 consecutive days, 24 h per day, except while taking a
shower or bath and during swimming. They were asked to perform
their regular PA as usual. This resulted in a maximum of 6 full days
of wearing. Only days with a wearing time of at least 22.5 h were
used in the analyses [19]. Patients and subjects were merely
included in the analyses if datawere available of at least two days of
observation for activities and of at least five days for lying, as it has
been shown recently, that these are the minimum requirements to
obtain reliable registrations [20].

The following aspects of PA of interest were a priori defined:

1. Compliance with wearing the device, i.e. the number of days
when the device was worn for at least 22.5 h/day

2. The daily average time spent in walking, sitting and lying.
3. The number of steps per day. An average of >12.500 steps/day

has been proposed to classify subjects as highly active,
10.000e12.500 as active, 7.500e10.000 as somewhat active,
5.000e7.500 as low active and <5.000 as inactive [21].

4. Physical activity level (PAL). PAL is a way to express a person's
daily physical activity as a number, and is used to estimate a
person's total energy expenditure. A PAL >1.70 defines an active
person, 1.40e1.69 defines a predominantly sedentary person,
and <1.40 defines a very inactive person [19].

5. The time spent at pre-defined levels of energy expenditure:



Table 2
Pulmonary function measurements and health status measurements of the
asthmatics.

Asthmatics (n ¼ 226)

FEV1 (L.) (% pred) 2.84 ± 0.84 (87 ± 21)
FVC (L.)(% pred) 4.09 ± 1.10 (105 ± 18)
FEV1/FVC (%) 70 ± 13
FVCrev (L.) (%) 0.13 ± 0.22 (4 ± 7)
FEV1rev (L.) (%) 0.22 ± 0.18 (9 ± 8)
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Light physical activity was defined as en estimated energy
expenditure of <3 metabolic equivalents (METs).

The threshold for moderate physical activity was set between 3
and 6 METs.

Vigorous physical activity was defined as physical activity per-
formed at an intensity >6 METs [22].

The data reported represent the mean values calculated over the
valid days, i.e. days with a wearing time of at least 22.5 h.
ACQ 1.75 ± 0.96
ACQ#

Controlled 38 (17%)
Partially controlled 41 (18%)
Uncontrolled 147 (65%)
AQLQtotal 5.15 ± 1.14
AQLQsympt 5.12 ± 1.06
AQLQactlim 5.04 ± 1.50
AQLQemot 5.19 ± 1.61
2.4.2. Marshall questionnaire
The Marshall questionnaire is a short, two-item questionnaire

allowing subjects to subjectively report compliance with the PA
recommendations of the American College of Sports Medicine
(ACSM). A score �4 points indicate good compliance with these
recommendations [23].
AQLQenviron 5.23 ± 1.39

Values are expressed as mean ± SD. FEV1: forced expiratory volume in 1 s; % pred:%
predicted; FVC: forced vital capacity; FVCrev: FVC reversibility on 400 mg Salbuta-
mol; FEV1rev: FEV1 reversibility on 400 mg Salbutamol; ACQ: Asthma Control
Questionnaire; #: ACQ categorized as: controlled asthma, ACQ<0.75; partially
controlled asthma, ACQ 0.75e1.5; uncontrolled asthma, ACQ>1.5; AQLQtotal:
Asthma Quality of life Questionnaire total score; AQLQsymp: Asthma Quality of life
Questionnaire symptoms score; AQLQactlim: Asthma Quality of life Questionnaire
activity limitation score; AQLQemot: Asthma Quality of life Questionnaire emotional
function score; AQLQenviron: Asthma Quality of life Questionnaire environmental
stimuli score.
2.5. Statistical analyses

All analyses were performed on de-identified data in IBM SPSS
Statistics (Version 22.0, Armonk, NY: IBM Corp). A valid registration
of PA was obtained in 226 out of 236 asthmatics and in 201 out of
216 controls. First, between group differences were checked for sex,
employment status, age and BMI using independent T-test and c2

test, as these factors are potential confounders for a between group
comparison of PA. Statistically significant differences were
observed between the 226 patients and the 201 control subjects for
sex (P¼ 0.003), employment status (P < 0.001), age (P¼ 0.001) and
BMI (P < 0.001). To check for confounding, linear regression anal-
ysis was used. The first step was creation of a linear prediction
model for steps/day by group (asthma or control). From these re-
sults, the linear regression coefficients (RC) for group (2202 steps/
day, P < 0.001) present the mean difference between asthmatics
and controls in steps/day. In the second step were sex, employment
status, age and BMI added to the linear prediction model one by
one. A change of more than 10% of the RC was taken as the arbitrary
threshold for significant confounding [24]. This was found only for
employment status and BMI. In the third and last step a multivar-
iate general linear model was used to test between group differ-
ences with the a priory defined measures of PA as dependent
variable, group assignment (asthmatics or controls) as fixed factor
and employment status and BMI as covariates. A Bonferroni
correction was applied to adjust for multiple comparisons. Char-
acteristics of patients and healthy controls are presented as mean
and SD (normally distributed variables) or number and percent
(dichotomous variables).
3. Results

3.1. Characteristics of the study population

Demographic characteristics of all subjects are provided in
Table 1.

Post-bronchodilator pulmonary function as well as health status
measurements of the asthmatics are given in Table 2.
Table 1
Demographic characteristics of all subjects.

Asthmatics (n ¼ 226) Controls (n ¼ 201) P-value

Female/male 140/86 152/49 <0.002
Employment (yes/no) 117/109 187/14 <0.001
Age (years) 47.3 ± 15.3 42.3 ± 16.3 ¼0.001
BMI (kg.m�2) 29.8 ± 6.3 25.1 ± 4.3 <0.001

Values are expressed as n or mean ± SD. BMI: body mass index.
3.2. Wearing compliance

Wearing compliance of the DynaPort was very high in the
asthma patients. Valid data were available in 226 out of the 236
patients (96%). Six patients were excluded because of a bad-
wearing compliance and another four could not be used because
of an unexplainable device malfunction. In the control group,
wearing compliance was slightly lower but still very acceptable
with valid data of 201 out of the 216 subjects (93%). Thirteen control
subjects were excluded because of a bad-wearing compliance and
another two could not be used because due to an unexplainable
device malfunction. The number of days with a valid registration of
PA did not differ significantly between asthmatics and controls
(P ¼ 0.90).

3.3. Comparison of PA between asthmatic patients and healthy
controls

Table 3 provides the outcome of the multivariate general linear
model. In five out of the eight a priori determined objective PA
parameters of interest, significant between group differences were
found.

Figs. 1 and 2, represents the distribution of steps/dag categories
and PAL categories, respectively, in the asthmatic patients and
healthy control subjects. A 5 times higher number of patients had
less than 5000 steps/day. Eighteen percent of the patients had a PAL
of less than 1.4, whereas only four percent of the controls had such
a low score.

3.4. PA and health status in asthmatics

Significant correlation coefficients were found between ACQ
and PAL (r ¼ �0.23; P ¼ 0.001), ACQ and steps/day (r ¼ �0.20;
P ¼ 0.004) and ACQ and time spent at vigorous exercise (>6 METs)
(r ¼ �0.30; P < 0.001). Between asthmatic patients subdivided
according to their ACQ category, significant differences were
observed for PAL: 1.58 ± 0.18 (well controlled) versus 1.54 ± 0.13
(partially controlled) versus 1.49 ± 0.13 (uncontrolled); P ¼ 0.002,



Table 3
Physical activity comparison between asthmatics and controls.

Asthmatics (n ¼ 226) Controls (n ¼ 201) Mean difference (CI) P-value

Marshall Score (pts.) 3.97 (3.61e4.32) 4.28 (3.88e4.67) �0.31 (�0.90e0.27) 0.29
Time spent walking (hrs.) 1.49 (1.41e1.57) 1.1.61 (1.53e1.70) �0.13 (�0.25e�0.01) 0.043
Time spent sitting (hrs.) 8.21(7.95e8.48) 8.58 (8.29e8.86) �0.36 (�0.78e0.06) 0.091
Daily lying time (hrs.) 10.73 (10.46e11.01) 10.14 (9.85e10.44) 0.59 (0.15e1.03) 0.008
Steps 7593 (7155e8030) 8795 (8326 e 9263 �1202 (�1893e�511) ¼0.001
PAL 1.53 (1.51e1.55) 1.57 (1.55e1.59) �0.035 (�0.067e�0.003) ¼0.034
Time spent at light intensive PA (hrs.) 1.76 (1.65e1.88) 1.91 (1.80e2.02) 0.15 (�0.02e0.31) 0.093
Time spent at moderate intensive PA (hrs.) 1.66 (1.58e1.74) 1.64 (1.55e1.72) 0.03 (�0.10e0.15) 0.679
Time spent at vigorous intensive PA (hrs.) 0.34 (0.30e0.38) 0.45 (0.41e0.49) �0.11 (�0.17e�0.005) <0.001

Fig. 1. Distribution of the steps/day categories in asthmatics and healthy controls.

Fig. 2. Distribution of the PAL categories in asthmatics and healthy controls.

Fig. 3. Daily time spent at vigorous exercise in health controls and asthmatics sub-
divided according to the ACQ category.

A.J. van 't Hul et al. / Respiratory Medicine 114 (2016) 72e77 75
for steps/day 8169 ± 3225 (well controlled) versus 8244 ± 2621
(partially controlled) versus 6712 ± 3153 (uncontrolled); P ¼ 0.005,
and time spent at vigorous exercise (>6 MET): 27 ± 22 versus
22 ± 13 versus 14 ± 13 min/day; P < 0.001, for controlled, partially
controlled and uncontrolled asthma, respectively. Fig. 3 provides a
graphic presentation of the daily time spent at vigorous exercise in
healthy controls and asthmatic patients subdivided according to
their ACQ category.

4. Discussion

4.1. Main findings

To the best of the authors knowledge this is the first study ever
performed in adults with bronchial asthma, using an objective ac-
tivity monitor to evaluate levels of PA. Ourmain finding is, that PA is
statistically significant lower in adult asthmatics referred to a
pulmonologist as compared to an apparently healthy control group.
Patients with bronchial asthma had on average, significantly less
steps per day (1200), had a 0.035 lower PAL and spent on average
11 min. less at a vigorous exercise intensity per day. In addition, a
low habitual PA was found to be associated with poorer asthma
control.
4.2. Strengths and limitations of this study

The validity of the findings in our study is strengthened because
it comprised: (1) the inclusion of patients only with a pulmonary
physician confirmed diagnosis of bronchial asthma, (2) the objec-
tive measurement of PA using a validated activity monitor, and, (3)
datawere checked and corrected for confounders in between group
PA comparisons.

Because all patients referred to our secondary care facility (SFG)
during the study period were allocated to our care path, hence
included in the present study, patient selection bias was mini-
mized. However, since all patients entering the study were referred
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to a pulmonologist our results may not convey to all patients with
asthma. Patients referred to secondary care are expected to have a
higher impact of the disease on health status. Indeed, in a recent
study performed in 12 primary care practices in the UK showed
considerable more patients with an ACQ score<2.0 than in our
observation (79% versus 43%) [25]. Another study, carried out in
primary care in the Netherlands by Metting et al. showed fewer
patients with uncontrolled asthma (39% versus 65%) compared to
the number in our study [26].

Specific features of the asthma such as presence of exercise
induced bronchoconstriction, time of onset of asthma and the
medication regime patients were actually on at the time of referral
to secondary care were not systematically collected in the present
study. The explanation here fore is that we consider our study as a
first study into the topic of objectively measured PA in asthmatics.
Subsequent studies may address the important questions of the
determinants of a low PA such as more detailed pulmonary func-
tion impairments.

Our healthy control group consisted of volunteers of hospital
staff and their relatives. Controls were included only if they stated
to have no (known) pathological conditions and not to experience
respiratory symptoms. We did not perform any formal health ex-
amination such as pulmonary function testing due to practical
reasons. As a consequence, it cannot be ruled out that some con-
trols were not completely healthy. However, if this had been the
case, it would have resulted in an underestimation of the contrast
we found in PA between patients and controls.

Although accelerometers are considered the criterion method
for measuring free living PA, measurements are accepted as being
limited in their ability tomeasure cycling andwater based activities
[12]. If in asthmatics a larger portion of habitual PA consists of
cycling or swimming, this might have biased our results and would
have led to an overestimation of the difference in PA as observed in
the present study. However, we deliberately decided to measure PA
only objectively and declined to add self reported activities in the
analysis, because of their well documented methodological short-
comings [12].

Further, our study was not designed to perform an in depth
analysis of potential determinants of a low PA in the asthmatics. In
patients with COPD multiple, independent factors are found to be
associatedwith PA of whichmany go beyondmarkers of pulmonary
function impairment. In fact, the severity of the pulmonary
dysfunction turned out to be only weakly correlated with PA in
COPD patients [27]. In the present study we did not observe any
correlation between PA and spirometric measures in asthmatics.
The question is whether spirometry adequately mirrors all pul-
monary function abnormalities of asthmatics such as bronchial
hyper reactivity and/or exercise induced bronchial constriction. In a
subset of asthmatics a histamine provocation test was performed
but outcomes of this test did not significantly correlated with
measures of PA. This suggests that also in asthmatics other factors
than pulmonary function impairment are important determinants
of PA. Future studies should address this topic as it might include
important clues on the pathways to improve free-living PA in
asthmatics.

4.3. Implications

Based on PAL, the vast majority of the asthmatics (70%) could be
characterised as ‘predominantly sedentary’ and another 19% as
‘very inactive’, whereas grounded on steps/day, 53% could be
classified as low active and 24% as inactive. These findings are of
clinical relevance because inactivity results in deconditioning with
a potential detrimental effect on symptoms, disability and health
care use in asthmatics [4]. In the present study we observed a
significant association between on the one hand PA, and on the
other hand, asthma control in the patients. This finding is in line
with a recent study by Haselkorn et al. among 1812 asthmatic pa-
tients in the United States. They also observed that patients with
uncontrolled asthma were at higher risk for limitations in outdoor
activity, physical activity, and daily activity [28]. Obviously, cross-
sectional studies are not suited to give insight into the causal
relation between PA and asthma control. However, these findings
are in concordance with observations that adults who rate them-
selves as more active, have been found to perceive themselves as
healthy, and suggests that preventing or addressing deconditioning
might form an important target for therapy in asthma [29]. Indeed,
a systematic review demonstrated that physical training could
improve cardiopulmonary fitness [30]. Two other studies showed
improvements in asthma control and quality of life after an exercise
intervention [6,31]. Recent studies aiming to reveal the mechanism
behind improved asthma control through exercise training
revealed reduction in bronchial hyperresponsiveness and system-
atic inflammatory response as potential pathways to explain these
improvements [32e34]Whether better exercise capacity, as results
of an effective exercise regimen in asthmatics, converts into higher
level of habitual PA has to be determined. In COPD there is
considerable more research conducted on this theme but is still
topic of debate [27].

Self-judgement of PA in the patients based on the Marshall
questionnaire showed that 57 patients (61%) comply with the
ACSM recommendations on physical activity. However 48 (83%) of
this subgroup had a PAL<1.7 and not less than 15% had a PAL< 1.4,
which can be interpreted as very inactive. These findings confirm
the inaccuracy and overestimation of individual perceives of PA in
asthmatics as found also in general populations [35,36]. Given the
association between PA and disease control in asthmatics we
believe it is an important outcome that requires objective mea-
surement not only in research but also in the clinical routine of an
outpatient clinic.

5. Conclusions

In summary, results from this cross-sectional comparison be-
tween people referred to secondary care and a pulmonary physi-
cian confirmed diagnosis of bronchial asthma, and an apparently
healthy control group, showed a statistically lower level of habitual
PA in asthmatics. The frequent incidence of a low PA and significant
association with poor asthma control suggest the clinical signifi-
cance of a low habitual PA in asthma and is in support of the
postulation of PA as potential pathway to better the outcome of care
for these patients.
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