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Abstract: Asthma is the commonest respiratory disease and one of unceasingly increasing
prevalence and burden. As such, asthma has attracted a major share or scientific interest and
clinical attention. With the various clinical and pathophysiological aspects of asthma having been
extensively investigated, the important association between asthma and physical activity remains
underappreciated and insufficiently explored. Asthma impacts adversely on physical activity.
Likewise, poor physical activity may lead to worse asthma outcomes. This concise clinical review
presents the current recommendations for physical activity, discusses the available evidence on
physical activity in asthma, and examines the causes of low physical activity in adult asthmatic
patients. It also reviews the effect of daily physical activity and exercise training on the pathology and
clinical outcomes of asthma. Finally, it summarizes the evidence on interventions targeting physical
activity in asthma.
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1. Introduction

Asthma is a heterogeneous chronic inflammatory disease of the airways that is defined by the
history of respiratory symptoms such as wheeze, shortness of breath, chest tightness and cough that
vary over time and in intensity, together with variable expiratory airflow limitation [1]. In the present
era, asthma is estimated to affect as many as 339 million people across all ages worldwide, carries
a substantial burden of morbidity and mortality and constitutes a major source of global economic
burden in terms of both direct and indirect costs [2].

Physical activity often provokes asthma-related symptoms reflecting the nature or insufficient
control of asthma. Thus, asthmatic patients may often intuitively or purposely avoid exercise and
adopt a sedentary lifestyle. Not long ago, asthmatic patients were in fact regarded as chronically infirm
individuals who needed to be sheltered and avoid physical exertion in order to prevent severe asthma
attacks [3]. However, advances in understanding of the pathobiology and the management of the
disease, including the development of a wide range of potent drugs and effective delivery devices,
avoidance of triggering factors, patient education, and asthma action plans, have induced a paradigm
shift in the perception of asthmatic patients and therapeutic goals. In the modern era, the ultimate
goals of asthma management include the minimization of symptoms so that patients can maintain
normal levels of activity and achieve good quality of life [1,3]. Accordingly, the Global Initiative for
Asthma (GINA) recommends people with asthma to engage in regular physical activity in order to
improve their general health [1].

Increasing physical activity may actually be an important overlooked link in optimising the
management of asthma, especially the severe type of asthma and specific asthmatic populations.
Accumulating evidence links enchanced physical activity with favourable outcomes, including better
overall asthma control, less exacerbations, and lower healthcare use [4]. Therefore, physical activity in
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asthma warrants attention and focus. This concise clinical review presents the current recommendations
for physical activity, discusses the available evidence on physical activity in asthma, and examines the
causes of low physical activity in adult asthmatic patients. It also reviews the effect of daily physical
activity and exercise training on the pathology and clinical outcomes of asthma. Finally, it summarizes
the evidence on interventions targeting physical activity in asthma.

2. Physical Activity Nomenclature and Recommendations

Physical activity is comprised of bodily movements produced by the skeletal muscles that result
in an increased metabolic rate over that of resting energy expenditure [5]. Physical activity in daily life
(PADL) encompasses household, occupational, transportation, conditioning, athletics, sports, or other
activities in the context of daily, family, and community activities, and can be described by dimensions
of intensity, frequency, duration, mode, and context. As such, PADL satisfies the core requirement of a
meaningful clinical trial endpoint defined to be a direct measure of how a patient feels, functions or
survives where function refers to the ability to carry out normal daily activities [6]. Accordingly, PADL
has been shown to be an important dimension of health-related quality of life in both health [7,8] and
disease [9,10] and is becoming of increasing research and clinical interest.

For the purpose of improving health outcomes, the mode, intensity, frequency and duration
of physical activity must be collectively considered [11]. In order to improve cardiorespiratory and
muscular fitness, bone health, reduce the risk of noncommunicable disease and depression, the World
Health Organization recommends that adults should engage in at least 150 min of moderate-intensity
aerobic physical activity (defined as activity requiring 3–6 metabolic equivalents; METs) throughout
the week or do at least 75 min of vigorous-intensity aerobic physical activity (requiring > 6 METs)
throughout the week or an equivalent combination of moderate-and vigorous-intensity activity
(MVPA), all performed in bouts of at least 10 min duration [12,13]. These refer to the minimal amount
of activity recommended to achieve substantial benefits over and above the routine light-intensity
activities of daily living. For additional health benefits, older adults should increase their moderate
intensity aerobic physical activity to 300 min per week or engage in 150 min of vigorous-intensity
aerobic physical activity per week, or an equivalent MVPA. These recommendations are relevant
to all healthy adults aged 18 and above, irrespectively of gender, race, ethnicity or income level.
They also apply to individuals in this age range with chronic noncommunicable conditions not related
to mobility [12,13], including asthma. Older adults, 65 years and above, with poor mobility, are also
advised to perform physical activity to enhance balance and prevent falls on three or more days per
week and muscle-strengthening activities, involving major muscle groups on two or more days a
week; when older adults cannot do the recommended amounts of physical activity due to health
conditions, they should be as physically active as their abilities and conditions allow [13]. Expressed in
metabolic equivalents-minutes (MET-min), the minimal recommended amount of MVPA lies in the
range of 450 to 750 MET-min per week [14]. Translated to step count, the daily recommended amount
of MVPA, accumulated in addition to habitual daily activities (taken in the course of free-living and not
necessarily of at least moderate intensity), corresponds to ≥ 10,000 steps per day in healthy adults [15]
and approximately to 7000–10,000 steps/day in healthy older adults [16].

Physical activity may not be used interchangeably with exercise. Exercise is a subcategory of
physical activity that is planned, structured, and repetitive and has as a final or an intermediate objective
the improvement or maintenance of one or more components of physical fitness [5]. Physical activity
may also not be confused for maximal exercise capacity. The latter can be defined as the maximum
amount of physical workload that an individual can sustain through a coordinated cardiovascular,
respiratory, and neural response along with the action of exercising muscles. An accurate assessment
of exercise capacity requires that maximal physical exertion is sufficiently prolonged to reach a stable
(or steady state) effect on the circulation and that the pattern of response is consistent when exertion
is repeated, and it is best conducted by cardiopulmonary exercise testing [17]. However, maximal
exercise performance assessed by standardized exercise protocols does not correlate sufficiently with
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daily life activities in patient populations [18,19]. Finally, functional exercise capacity as assessed by
walking tests also does not identify with PADL. The self-paced 6-min walk test assesses the submaximal
level of functional capacity and, because most activities of daily living are performed at submaximal
levels of exertion, the 6-min walk distance has been though to better reflect the functional exercise
level for PADL [20]. However, various reports do not confirm a sufficient correlation between PADL
and functional exercise capacity [21,22].

Physical activity is best evaluated objectively by accelerometers. Accelerometers are wearable
monitor devices that measure multiaxial accelerations of the body segment to which they are attached.
The signal is usually filtered and pre-processed by the monitor to obtain activity counts, i.e., accelerations
due to body movement. The amount of sedentary and physical activity time and the intensity of
activity may be obtained by classifying activity counts accumulated in a specific time interval (epoch
length) using a set of cut-points, i.e., intensity thresholds for classification of the intensity of physical
activity [23]. The energy expenditure during physical activity or sleep-related measures may also be
estimated by applying algorithms to objectively-determined activity counts, whereas new methods to
estimate these variables from raw acceleration signals (gravity units) instead of activity counts have also
been developed [23]. Accelerometers offer a valid, objective alternative to self-report questionnaires,
which suffer from recall bias and insufficient validity [24], although their use in population-based or
longitudinal studies may be less feasible.

3. Physical Activity in Asthma

Population-based evidence suggests that individuals with asthma have reduced capacity to
undertake regular activities and work [25]. Earlier population-based evidence collectively suggests
that individuals with asthma are less likely to engage in physical activity and less likely to engage in
more intense exercise than those without asthma as well as less likely to engage in physical activity at
recommended levels [26–29]. A recent systematic review among all available studies using a control
group, identified 11 studies (asthma sample = 32,606) reporting less physical activity in asthma, and 6
studies (asthma sample = 7824) reporting no difference thus leading to the conclusion that people
with asthma engage in less activity compared to controls [30]. Data on sedentary time in asthma
are still scarce [30]. In two cross-sectional studies (asthma sample = 287) where sedentary time was
examined using activity monitors, engagement in sedentary behavior was similar between asthmatics
and controls but both groups were highly sedentary [31,32].

A systematic review of 4 studies using activity monitors concluded that people with asthma
tended to accumulate less physical activity in terms of volume and/or intensity, than controls [30].
A meta-analysis of 7 studies (asthma sample = 526) reporting on accelerometer-counted daily steps
revealed a mean of 8390 daily steps (95% confidence interval (CI) 7361–9419) among steps patients with
mild, moderate or severe asthma [30]. The latter suggests that asthmatics fall into the “somewhat active”
category of a step-defined ladder of physical activity [33] and most fail to meet current recommendation
for physical activity [15]. However, this estimate may even be overoptimistic for specific subgroups in
the asthma population which are both underrepresented and at risk for lower physical activity, such as
those with severe asthma or obesity and the elderly.

Few cross-sectional studies have focused on the objective assessment of physical activity in the
important population of patients with severe asthma. Severe asthma is defined as asthma that remains
uncontrolled despite adherence with maximal optimized therapy and treatment of contributory factors
or that worsens when high dose treatment is decreased [1,34]. Severe asthma has an estimated
prevalence of 5–10% in the total asthma population, and is important because it impacts considerably
on morbidity and mortality and accounts for a major share of healthcare utilization and cost as
well as socioeconomic cost in asthma [34]. Patients with severe asthma suffer a heavy burden of
symptoms, exacerbations and medication side-effects that interfere with everyday living, sleeping
and physical activity [1]. Unsurprisingly, evidence shows the level of PADL to decrease with loss of
asthma control [32] and increasing asthma severity [35]. Studies in severe asthma are consistent in that
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patients with severe asthma present with considerably low levels of physical activity. Cordova-Rivera
and colleagues [31] reported as low as 5362 (median 3999–7817) steps per day and 21.9 (12.8–37.9) min
of MVPA per day in 61 patients with severe asthma. Compared with controls, individuals with severe
asthma accumulated 31.4% (2,232) less steps per day and engaged in 47.5% less minutes per day in
MVPA (p < 0.001 for both). Bahmer and colleagues [36] reported 6174 (4822–9277) daily steps and 125
(68–172) minutes of at least moderate activity per day in 63 patients with severe asthma, both of which
were significantly lower compared to 83 patients with mild-to-moderate asthma (by 21% and 17%,
respectively) and 29 healthy controls (by 31% and 23%, respectively), after adjusting for confounders.
Of note, PADL in severe asthmatics was associated with impulse oscillometric airway resistance
and small airway dysfunction, albeit not with gold-standard airflow limitation measured by forced
expiratory volume in 1 s (FEV1) and peak expiratory flow rate (PEFR) [36]. This is important because
peripheral airway involvement and functional status are highly relevant to the pathophysiology and
clinical manifestations of asthma [37]. Hennegrave et al. [38] reported on a low daily step count of 6560
± 3915 in a cohort of 23 patients with severe asthma. In line, we have previously reported findings on
limited daily moving time (walking, stair climbing, and cycling; 88 ± 34 min) daily step count (7142 ±
2952), and weekly MET-min (509 ± 189) in 12 patients with severe asthma [39]; movement intensity
measured in acceleration units was found to be 1.81 ± 0.18 m/s2, which compares with that of older
patients with moderate-to-severe chronic obstructive pulmonary disease (COPD) [40].

Based on daily step count, these findings place patients with severe asthma more into a “low-active”
population [33].

However, PADL has not been unequivocally associated with the severity of asthma. In children [41]
and adolescent [42] patients with asthma, physical activity levels were shown to be independent on
asthma severity. In the study by Hennegrave et al. [38], adult patients with severe asthma did not
differ significantly from matched patients with mild/moderate asthma in terms of daily steps (6560 ±
3915 vs. 8546 ± 3431), time spent in MVPA (120 ± 54 vs. 121 ± 32 min/day), energy expenditure (EE) in
MVPA (620 ± 360 vs. 660 ± 140 kcal/day), or total EE (2606 ± 570 vs. 2666 ± 551 kcal/day) (p ≥ 0.80 for
all) and PADL was also not influenced by asthma control or per se. However, the impairment in FEV1,
a representative marker of the magnitude of bronchial obstruction in asthma, was associated with the
number of steps per day [38]. It is possible that the underpowered nature of the study contributed to
some of these findings.

4. Causes for Low Physical Activity in Asthma

Compared to healthy controls, young asthmatic patients were found to have similar maximum
heart rate but reduced maximal oxygen consumption (VO2max), anaerobic threshold and oxygen pulse,
suggesting suboptimal fitness [43]. However, reduced fitness in asthmatic patients cannot not be
attributed directly to airflow obstruction. Lung function (FEV1) in asthmatics did not correlate with
VO2max, anaerobic threshold, or oxygen pulse either before or after bronchodilator, and asthmatic
patients had sufficient ventilatory reserve to allow toleration of exercise workload adequate to enhance
cardiovascular fitness [43]. Accordingly, nebulised bronchodilator therapy with salbutamol before
exercise, albeit convincingly improved FEV1, had little effect on the cardiorespiratory responses such
as maximal workload, oxygen uptake, heart rate, and ventilation to progressive maximal exercise in
patients with mild asthma [44]. Also, although salbutamol administration increased tidal volume at
maximal exercise, it did not change in perception of exertional breathlessness in asthmatic subjects [44].
Finally, the state of airway function—whether bronchodilated or bronchoconstricted—prior to exercise
was not found to affect ventilation or operating lung volumes during exercise in mild asthmatics with
normal maximal exercise capacity [45]. Therefore, evidence suggests a robust pulmonary system,
at least in the mild asthmatics; one that is capable of adequately responding to the demand for acute
increase in airflow necessitated by high-intensity aerobic exercise. Put otherwise, many patients with
asthma become less fit and therefore, less likely to become physically active and achieve their maximum
potential in lifestyle pursuits, than their pulmonary condition would allow [46].
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Physical activity is a potent stimulus for asthma symptoms and vigorous physical activity is
particularly associated with more asthma symptoms [47–49]. Emerging or worsening asthma symptoms
during exercise may result in reduced exercise tolerance and fear of experiencing such symptoms
may lead many people with asthma to intuitively, or pre-emptively avoid physical activity. Generally,
the status of asthma control is an important determinant of physical activity in asthmatic patients [32].
In national representative studies in the United Kingdom [50] and the United States [51], patients with
uncontrolled moderate-to-severe asthma were at higher risk for limitations in overall physical activity,
outdoors activity and daily activity compared with patients with controlled asthma. Individuals with
asthma also present paradoxical responses to physical activity. Up to 90% of asthmatic patients develop
exercise-induced bronchoconstriction (EIB), a distinct form of bronchial hyperresponsiveness (BHR)
defined as acute, transient narrowing of the airways during or immediately after cessation of exercise,
or strenuous physical activity [52]. EIB in asthma reflects disease control and is thought to result from
changes in airway physiology triggered by the large volume of relatively cool and dry inhaled air.
Typical symptoms include dyspnoea, chest tightness, wheezing, or cough and may result in exercise
avoidance. EIB may also occur in subjects without clinical asthma, particularly in children, athletes,
individuals with atopy or rhinitis and after respiratory infections; earlier reports suggest a prevalence of
5% to 20% in the general population. EIB can more commonly diagnosed by a ≥10 % sustained decrease
in FEV1 after a standardized exercise challenge test; other direct or indirect bronchoprovocative
tests may also be used as surrogate diagnostic tools [52]. Finally, some atypical causes of exertional
dyspnoea are more common in asthma, including psychogenic hyperventilation [53] and dysfunctional
breathing [54]. Vocal cord dysfunction is also common in asthmatic patients [55] and recognized to be
present in up to half of patients with severe asthma [56].

Demographic factors may also account for low activity in asthmatic patients. The impact of obesity
and the aging on physical activity [56] should be considered for the large populations of obese [57] and
elderly [58] people living with asthma, respectively. Evidence shows that obese patients with asthma
present with low-level PADL and they most commonly fail to meet the international recommendations
for physical activity [59]. Also, the decrease in activity tends to be more pronounced, or even exclusive,
in older people with asthma than their younger counterparts [30]. Plausible biological decline in
lung and systemic function, chronicity of asthma and airway inflammation, chronic smoking and
accumulating comorbidities (see below) as well as previous beliefs on physical activity and asthma, may
all synergistically render older asthmatics less active. Finally, physical activity in asthma seems to be
influenced by sex as several studies reported lower physical activity in women with asthma compared
to men [30]. This may reflect societal factors and seems to follow the trend in the general population.

Frequent asthma comorbidities including allergic dermatitis, chronic rhinosinusitis, arthritis,
gastroesophageal reflux disease, hypercholesterolemia, and depression have also been associated with
activity limitation in large-scale studies [51], and co-diagnosis of COPD, coronary artery disease, diabetes
and depression was associated with asthma-related hospitalizations and emergency department
visits in asthmatics older than 65 years [60]. Also, psychological distress, anxiety or depression,
and decreased feelings of control, which are common in asthma patients, are significantly associated
with physical health status [61] and physical activity [56]. Psychosocial factors are in fact thought to
affect the pathogenesis and pathophysiology of asthma, either directly through autonomic, endocrine,
immunological, and central nervous system mechanisms, or indirectly through personal motivations,
self-conceptions, lifestyle aspects, health behaviours, and illness cognition, perception, and response
including adherence to medication and avoidance of triggers [62]. Finally, restriction of physical
activity leads to deconditioning and the establishment of a vicious circle of inactivity, deconditioning,
and symptoms, which has also been implicated in low levels of physical activity among adults with
asthma [4,63].
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5. The Effect of Physical Activity in Asthma

The possibility of an etiological relation between physical activity and development of incident
asthma has been investigated by several studies but the overall quality of evidence remains low
due to cross-sectional design of most of the studies, self-reported diagnosis of asthma and measures
of physical activity. More appropriate for the investigation of causal relationships are longitudinal
studies in which the exposure (physical activity) precedes the outcome (onset of asthma). A systematic
literature review of 5 such longitudinal studies (duration between 5 and 10 years, n = 85,117) indicated
that physical activity is a possible protective factor against development of asthma (odds ratio for
incident asthma 0.88 (95% CI 0.77 to 1.01) [64]. However, this meta-analysis was unable to control for
potential confounding factors such as demographic and socioeconomic characteristics, obesity and
smoking [64]. Examined separately, the longitudinal studies that tested for confounding factors, either
do not provide strong evidence or do not actually confirm the association between physical activity and
incident asthma [65–67]. In accordance, a subsequent study of 18,894 adults which controlled for age,
sex, body mass index, smoking status, education, family history of asthma, social benefit, economic
difficulties, and allergic rhinitis did not observe a decreased risk of incident asthma in physically active
adults compared with inactive adults over an 11-year follow-up [68]. Finally, a prospective study that
also checked for confounding factors, did not find an association between accelerometry-measured
physical activity and development of wheezing or shortness of breath in pre-school children [69].
In contrast, in a single longitudinal study, there was a weak association between reduced physical
fitness in childhood and the development of asthma during adolescence, whereas high physical fitness
seemed to be associated with a lower risk for asthma development [70].

Population-based evidence has shown higher level of regular physical activity to reduce the
risk of asthma exacerbations, independent of asthma severity and other covariates [71] and to be
associated with lower health care use (physician consultations and overnight hospital stay) by asthmatic
individuals compared to controls [72]. In a recent systematic review, higher levels of physical activity
were collectively associated with better measures of lung function, asthma control, health status,
exacerbations and health care utilisation [30]. Likewise, cross-sectional studies found sedentarism to
be associated poorer lung function, asthma control and exercise capacity [31] and higher health care
use [73]. Certainly, evidence on the dynamic interrelation between asthma and physical activity that
derives from cross-sectional studies has limitations as it is inherently not suited for the conclusion
of causal relations (besides the hypothesis that subjects with higher physical activity levels have a
favourable effect on asthma outcomes, reverse causality is also possible). However, these findings
should collectively encourage further research and the engagement of asthmatic individuals to regular
physical activity. Increasing PADL via low-cost, accessible means (e.g., walking) may be a beneficial
intervention for asthma, in addition to its known cardiometabolic and other health benefits [4]. Also,
more research is warranted to explore the extent of sedentary behaviour in asthma and its association
with adverse clinical outcomes. Promoting frequent and longer breaks of sedentary behaviour may
even be a more achievable goal than increasing activity in people with asthma [30].

With regards to lung function specifically, three longitudinal studies provide the strongest evidence
for a beneficial effect of physical activity on lung function in asthma. An observational population-based
cohort study of 6790 people in Denmark with 153 having asthma at baseline, found that moderate to high
physical activity was associated with less lung function decline among smokers, and the association
was stronger in the subgroup with asthma than those without asthma, during the 3.7-year follow
up [74]. In the asthmatic individuals, moderate to high physical activity ameliorated lung function
decline by gaining 10 mL/year of FEV1 and 7 mL/year of forced vital capacity (FVC), as compared
with the low physical activity group, whereas the corresponding figures in the non-asthmatics were 1
mL/year and 2 mL/year, respectively. [74]. In another population-based cohort of 1329 adults with
asthma in Norway, there was some evidence of slightly less lung function decline in physically active
participants compared with the inactive ones. On average, active asthmatics had 1.5–2.1% less decline
in the FEV1/FVC ratio and 44–88 mL less decline in PEFR during the 11.6-year follow-up [75]. Finally,
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in a cohort of 201 individuals in Finland who were followed for 12 years after diagnosis of asthma,
those with high physical activity had slower annual FEV1 (−41.4 mL vs. −58.8 mL, p < 0.001) and FVC
(−29.3 mL vs. −43.6 mL, p < 0.018) decline compared with those with low physical activity [76]. Also,
the high physical activity group had higher FEV1 values at follow-up, and higher FEV1/FVC ratios at
diagnosis and follow-up [76]. Weak but significant associations between physical activity and lung
function have also been reported by several cross-sectional studies, summarised elsewhere [30].

6. The Effect of Exercise Training in Asthma

To date, 10 randomised controlled trials (RCTs) have collectively reported benefits of supervised
aerobic exercise training on a range of outcomes in adult patients with asthma such as exercise capacity,
airway inflammation, disease exacerbation, clinical control, health-care use, psychosocial symptoms
and asthma-related quality of life [30,77–86]. In the largest and most recent RTC including 89 subjects
with mild or moderate asthma, aerobic exercise at least three times a week for ≥ 30 minutes plus muscle
training, and stretching, improved asthma control measured by the Asthma Control Test questionnaire
and reduced shortness of breath [78]. The effect of intervention on improving asthma control was
23% (risk reduction (RD) = 0.23, 95% CI 0.027–0.438; p = 0.0320) and 30.1% for shortness of breath by
(RD = 0.301, 95% CI 0.109–0.492; p = 0.003). A meta-analysis of 17 RCTs, including 599 children and
adult asthmatics, also reported that exercise training led to a significant improvement in days without
asthma symptoms (mean difference (MD) 8.90 symptom-free days, 95 % CI 8.18–9.61, p < 0.001) [87].
These findings are promising although they concern relatively small groups of patients attending
structured training sessions at well-resourced, designated centres or led by physiotherapists, which
are not generalizable to many real-world settings [4]. The variability in exercise protocols among the
studies (including various types of land-based exercise methods including walking, running, jogging,
cycling, strength training, or a combination of these at both low and high-altitude settings, for variable
duration between 3 and 24 weeks) reflects the knowledge gap on the optimal exercise regime and the
absence of relevant guidelines.

From a physiological scope, exercise training evidently improves cardiopulmonary fitness, whereas
its impact on lung function is less clear. A 2013 Cochrane metanalysis of RTCs of people over eight years
of age with asthma showed significant improvement in VO2max with land-based exercise training (MD
4.92 mL/kg/min; 95% CI 3.98–5.87; p < 0.00001; eight studies on 267 participants) without significant
effects in other measures of pulmonary function such as FEV1, FVC, minute ventilation at maximal
exercise or PEFR [11]. The improvement in cardiopulmonary fitness is important because it may
reduce the risk of dyspnoea due to deconditioning and other conditions unrelated to airflow limitation
that may mistakenly attributed to asthma [11]. This essentially enables larger breathing reserves for
activities of daily life with a better effort-benefit ratio [78]. Also, there was some evidence to suggest
that physical training may have positive effects on asthma symptoms and health-related quality of
life, with the majority of studies producing a statistically and clinically significant benefit [11,88].
Another meta-analysis in children and adult asthmatics, also showed that exercise training led to a
significant improvement in exercise capacity (MD 4.06 mL/min/kg, 95 % CI 3.02–5.10, p < 0.001 for
VO2max; MD 24.03 W, 95 % CI 20.15–27.91, p < 0.001 for maximal working capacity; standardised MD
0.81, 95 % CI 0.13–1.48, p < 0.02 for exercise endurance) [87] but a questionable change in FEV1 (MD 0.09
L, 95 % CI 0.00–0.17, p = 0.05) compared with usual care. However, the analysis of relative within-group
changes after exercise training (in both RCTs and controlled trials) showed small improvements in
FEV1 (3 ± 7 %, p = 0.019) compared with control conditions and multiple linear regression modelling
revealed that changes lung function, along with changes in BHR, contributed significantly to the
observed improvement in the quality of life [87]. Nonetheless, the magnitude of the effect of exercise
training on lung function may have been hampered by the limited time frame of these interventions—a
hypothesis which is supported by the aforementioned evidence on the beneficial effect of enchanced
PADL on lung function in asthma.
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Swimming is often recommended as a form of exercise for asthmatics due to the humidified and
warm air, low pollen count exposure and hydrostatic pressure on the thoracic wall [89], although
some concerns exist about chlorine exposure with indoor pools [1]. In a systematic review of eight
studies (n = 262) of children and adolescents with asthma, swimming programs were shown to increase
cardiopulmonary fitness (mean increase in VO2max 9.67 mL/kg/min, 95% CI 5.84–13.51 (2 studies;
n = 32)) and improve lung function (FEV1; 0.1 L higher, 95% CI 0–0.2 (four studies; n = 113)) in
a clinically meaningful fashion compared to usual care. [89]. However, there was no statistically
significant difference between swimming and usual care/other physical activities on quality of life,
asthma control, exacerbations and medication use to recommend swimming over other forms of
physical activity [89]. Water-based exercises in adults have been less researched. A Cochrane systematic
review of three available studies including 136 adult participants who followed swimming and water
aerobics was unable to assess the place of water-based exercise in asthma due to the small number
of participants, the clinical and methodological heterogeneity observed, and the high risk of bias
assessed [90]. Nonetheless, engagement of patients with mild persistent asthma in recreational
swimming in non-chlorinated pools, combined with regular medical treatment and education, led to
better improvement in lung function and more significant decrease in BHR (2.01 vs. 1.75; p < 0.001)
compared with standard care [91].

Changes in BHR with physical activity have also been reported following land-based exercise
training. In a RCT by Franca-Pinto, aerobic training led to a reduction in BHR by 1 doubling dose (95%
CI 0.3 to 1.7 doubling dose) in patients with moderate or severe asthma [84]. In that study, patients
with higher airway inflammation (baseline exhaled nitric oxide levels (FeNO) ≥ 26 ppb and ≥ 3%
sputum eosinophils) and worse asthma control also experienced reduction in sputum eosinophils and
FeNO [84]. In an analysis of relative changes in available non-controlled, controlled and randomized
controlled trials in children, adolescent and adult patients with asthma, exercise training in the form of
land-based exercise or swimming was shown to improve BHR by 53% and EIB by 9% compared with
control conditions; also, improvements in BHR explained part of the observed improvement in quality
of life and exercise capacity [87]. Animal studies suggest that aerobic exercise training attenuates BHR
via a mechanism that involves β2-adrenergic receptors [92].

Athletes with asthma represent a distinct exercising asthmatic population from which lessons can
be gleaned. EIB (often without respiratory symptoms) and asthma occur frequently and increasingly
in athletes, reaching an estimated prevalence between 30% and 70% among elite athletes, depending
on the type of sport performed [93,94]. Athletes may have already had BHR and asthma before taking
up sports, or may have developed them since becoming active in sports. Phenotypic distinction of
asthma in athletes to “atopic asthma” defined by allergic sensitization, rhinitis, allergic comorbidities
and increased FeNO; and “sports asthma”, defined by exercise-induced respiratory symptoms and
BHR unrelated to allergy but related to specific type of sport and environment, has been proposed [95].
The development of BHR and asthma in athletes is possibly attributed to the high frequency of repeated
physical strain and excessive ventilation occurring during training and competitions as well as the
overexposure to environmental factors, allergens and irritants such as cold and dry air, air pollution
and organic chlorine compounds. Thus, environmental setting and exposure during exercise training
is an important determinant of development of and control of asthma. Accordingly, BHR, EIB and
asthma are more common in endurance sports, particularly winter sports and swimming [93,96,97].
Nonetheless, as the various achievement of asthmatic athletes in competitive sports can attest, asthma
can usually be well managed in athletes, most often with the use of maintenance inhaled glucocorticoids
and inhaled short-acting β2-agonists along with warm-up before exercise and, therefore, allow for
maximal performance. Of note, currently used inhaled β2-agonists have no performance-enhancing
effect in athletes with or without asthma and are therefore permitted for use by the World Anti-Doping
Agency (WADA; for salbutamol the maximum daily dose permitted being 1600 µg). However, their
regular or frequent uses may lead to tolerance and decrease their bronchoprotective effect during
exercise [93].
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The effect of exercise training at high altitude has also been investigated in asthmatic populations.
High-altitude treatment has long been recommended and applied as beneficial in asthma due to lower
allergen exposure, less air pollution and lower air humidity [98,99]. Decreased air density at altitude
also reduces airway resistance, which might increase exercise capacity [98]. A recent RCT found that a
three-week comprehensive rehabilitation program with endurance training was highly effective in
improving asthma control in patients with poorly controlled asthma—a benefit which was preserved
after three months [83]. High-altitude training also led to better improvement in PEFR-variability,
exercise capacity and airway inflammation as assessed by FeNO compared to low-altitude training [83].

Based on the available evidence, current guidelines recommend exercise as supplementary to
medication therapy and support the inclusion of individuals with asthma in pulmonary rehabilitation
programs [100,101] but there is insufficient evidence to date to recommend one form of exercise training
over another [1]. Pre-exercise bronchodilators and gradual warm-up are indicated to prevent or
minimize EIB [1,100].

To the extent of our knowledge, there has been no study to date to investigate the long-term effect
of structured exercise training on PADL in asthmatic patients. This is an important knowledge gap
that cannot be bridged by extrapolations from the acute effect of training on exercise capacity and
other asthma-specific outcomes. PADL reflects complex behavioural patterns that may not be easily
reformed by short-term or singular interventions. Paradigm from patients with COPD suggests that
changing physical activity behaviour needs a long-lasting interdisciplinary approach, bringing together
respiratory medicine, rehabilitation sciences, social sciences, and behavioural sciences, and best taken
within the frame of pulmonary rehabilitation [102].

7. Additional Mechanisms of Benefit

Apart from psychological and the aforementioned physiological benefit through cardiopulmonary
fitness and lung function, findings in human and animal studies suggest that the beneficial effects of
exercise training on asthma are mediated by immune and metabolomic pathways.

The immune theory supports that physical activity reduces airway inflammation. It is based
on the fact that airway inflammation is a principal feature of asthma shown to lead to increased
risk of exacerbation and to increased asthma severity [103]; and that exercise training has proven
systemic anti-inflammatory effects [104,105]. Potential mediating mechanisms include reductions
in the serum T helper 2 proinflammatory cytokines interleukin (IL)-4, IL-5, and IL-6, IL-13–16,
reductions in the monocyte chemoattractant protein 1 and keratinocyte chemoattractant protein (murine
homologue to human IL-8), inhibition of nuclear factor kappa B (NFκB) activation, and increases
in the anti-inflammatory cytokine IL-10, IL-1ra and circulating regulatory T cells. [84,106–109].
Increased PADL was also associated with lower systemic inflammation (for every increase of 1000 steps
per day, high sensitivity-CRP was reduced by 17%) in patients with severe asthma after adjustment for
confounders, albeit no associations were found with measures of eosinophilic airway inflammation [31].
Therefore, physical activity may potentially serve as a complementary therapy to target systemic
inflammation in asthma [31].

At a tissue and organ level, aerobic exercise decreases eosinophilic airway inflammation, bronchial
remodelling and respiratory mechanics in animal models of asthma as suggested by reductions in
eosinophil count in bronchoalveolar lavage fluid, airway walls and sputum, decrease in FeNO as well
as reductions in peribronchial inflammatory cell count, mucus synthesis, smooth muscle thickness
and, airway resistance and elastance [108–112]. Exercise may also possibly improve the patency of
bronchioles via epithelial stimulation and mucociliary clearance and improve smooth muscle function
through deep inspiration and sigh rate [113]. Of note, some evidence suggests that exercise may not
only reduce allergic airway inflammation as measured by FeNO, but also reduce nasal inflammation as
measured by eosinophilic cell count and induce sustainable improvements in allergic symptoms [114].

Physical activity may also exert anti-inflammatory effects through metabolomic pathways such as
increased production of butyrate, a circulating short chain fatty acid (SCFA), found in people with
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high cardiorespiratory fitness, independent of diet [115]. As discussed elsewhere [4], SCFAs have been
shown to promote dendritic cell hematopoiesis and impair the promotion of Th2 effector cells, thus
inhibiting allergic inflammation in animal models. Additionally, SCFAs decrease allergic effector T
cell responses, promote formation of T regulatory cells and reduce NFκB activation in macrophages.
Finally, exercise was shown to reverse the effects of a high-fat diet on gut microbiome in animal
models [116–118].

8. Interventions Targeting Physical Activity in Asthma

8.1. Combined Exercise Training and Diet/Weight Loss Interventions

Obesity and asthma are associated diseases and obesity-related asthma is considered a distinct
asthma phenotype [59]. Obesity reduces the responsiveness to inhaled corticosteroids [1] and increases
the risk for developing asthma as well as the severity of asthma; epidemiological data show that obesity
is more common among asthmatics than non-asthmatics, asthma is more common in obese than lean
subjects and obesity is extremely common in patients with severe asthma [119,120]. Obesity has also
been identified as a risk factor for insufficient physical activity in asthma [121] and both inactivity and
obesity were shown to increase health care use in asthmatic patients [72].

Physical inactivity might explain the association between asthma and obesity as the linking
element in establishment and sustainment of the vicious cycle of inactivity, obesity, and worse
asthma control [9]. Of note, weight loss, whether by diet and exercise or by bariatric surgical
intervention, reduces medication needs, improves lung function, asthma control, and asthma-related
quality of life [1,122]. In addition, dietary habits have been associated with systemic inflammation, a
condition associated with asthma as well as lung function and clinical outcomes, and epidemiological
evidence suggests that a high fruit and vegetable diet is associated with lower risk of asthma and
lung function decline [1]. There is also some evidence that low glycaemic index diet is associated
with reductions in low-grade systemic inflammation (plasma IL-6 concentrations) and FEV1 [123],
whereas low-fruit/low-vegetable diet, which is also low in antioxidants, led to increased circulating
CRP and increased risk of asthma exacerbations [124].

The above line of evidence sets the scientific rationale for combined interventions targeting
physical activity, diet, and weight management in the important subset of asthmatic patients with
obesity. Accordingly, a RCT showed that a two-month high-intensity interval training (spinning), when
combined with high protein/low glycemic index diet improved asthma control and asthma-related
quality of life in nonobese adults with asthma [85], although these effects were proven non-sustainable
at one-year follow-up [125]. Importantly, in a RCT by Freitas and colleagues, exercise training combined
with a weight loss program improved PADL in 55 grade II obese adults with asthma compared to
weight loss alone, suggesting that if combined, these intervention can encourage obese asthmatic
patients to become physically active [59]. In this study, exercise training included supervised aerobic
and resistance exercises twice weekly for three months plus recommendations for PADL and the weight
loss program included 12 individual hypocaloric diet counselling sessions supported by behavioural
techniques based on the transtheoretical model. After three months, patients who attended both the
exercise training and weight loss programs presented a significant increase in daily step counts (3068 ±
2325 vs. 729 ± 1118 steps per day), time spent in MVPA (18.2 ± 17.9 vs. 7.9 ± 13.8 min per day), and the
number of asthma symptom-free days (14.5 ± 9.6 vs. 8.6 ± 11.4 days/months) compared with patients
who attended only the weight loss program, thus meeting satisfactorily current guidelines [59].

8.2. Pharmacological Interventions

At this time, evidence on the potential effect of available therapies on physical activity in asthma
is scarce. In the eosinophilic phenotype of severe asthma, anti-IL-5 therapy enables reduction of
asthma exacerbations and steroid use, better control of asthma and health-related quality of life,
and improved lung function [126–128]. We have previously reported on the results of an ongoing study
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(NCT03739320), i.e., on the effects of anti-IL-5 therapy on PADL in patients with severe eosinophilic
asthma [39]. At 12 months, mepolizumab therapy on top of existing, maximal, and optimised asthma
treatment improved significantly daily moving time, step count, movement intensity, and weekly
MET-min by 11% (p = 0.022), 14% (p = 0.022), 5% (p = 0.005) and 17% (p = 0.004), respectively
compared to prior to biological therapy [39]. Of note, daily steps increased by > 600 (from 8930
± 1887 to 9562 ± 2015), thus reaching the minimal important difference in COPD patients after
pulmonary rehabilitation [129]. These preliminary results lend promise that anti-IL-5 therapy may
be beneficial for PADL in patients with severe eosinophilic asthma, although a larger data sample is
certainly required to adequately test this hypothesis. Nonetheless, the possibility that a single, add-on
therapeutic intervention, may succeed in improving PADL in severe asthma is exciting and worth
further consideration.

8.3. Behavioral Interventions

Increasing participation in PADL requires lifestyle interventions and conscious behaviour
modifications [130]. Behaviour change interventions aim to develop participant’s confidence
and self-efficacy to demonstrate the desired behaviour through motivation, education, action
planning and support. Behaviour change techniques include individual goal setting and behavior
contract, monitoring and feedback, avoidance strategies, and problem solving/coping planning [131].
Appropriate choice of the inhaler device based on patient characteristics, inhaler-technique training
and counselling on the importance of adherence to therapy are also key elements for successful asthma
management [132].

In a previous study examining the effect of education, positive affect, and self-affirmation
on physical activity in patients with mild to moderate asthma, the authors concluded that a
multiple-component protocol was effective at increasing energy expenditure, but an intervention to
increase positive affect and self-affirmation was not effective within this protocol [133]. However,
the inclusion of patients with only mild-to-moderate asthma, minimal impairment in physical fitness
and limited comorbidities, and the quantification of physical activity through questionnaire limit the
generalisability of these findings. A RCT in adults with moderate-to-severe asthma aiming to investigate
the effects of a behaviour change intervention on increasing participation in physical activity and
improving asthma clinical control is ongoing (NCT-03705702). The intervention is based on feedback
and delivered over eight sessions as weekly one-on-one, face-to-face, 40-min consultations [131].

A conceptual model for the interrelationship between asthma, physical activity, and targeted
interventions is presented in Figure 1.

Figure 1. Conceptual model for the interrelationship between asthma, physical activity and targeted
interventions. EIB: exercise-induced bronchoconstriction; PADL: physical activity in daily life; BHR:
bronchial hyperresponsiveness.
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9. Conclusions

Our better understanding of the nature of asthma, the advent of effective pharmacological
therapies, and relevant research have led to a paradigm shift in the management asthma with regards
to physical activity over the course of the last decades. The ultimate aims of asthma management
are required to include the minimization of symptoms so that individuals with asthma can lead
normal lives, including engagement in recommended levels of PADL, exercise training or sports.
Beyond its general health benefits, physical activity seems to be an important link in the successful
management of asthma. Higher adherence to physical activity is associated with favourable clinical
outcomes such as improved lung function, asthma control, exacerbation rate, and healthcare use.
However, evidence shows that physical activity in asthma remains low, especially in the severe form.
The relationship between asthma and physical activity is bidirectional and multifaceted and PADL
represents a challenging area for interventions in that it reflects well-established behavioral patterns.
Nonetheless, in the modern patient-centred era of healthcare service, reversing the negative loop
to a virtuous cycle of enhanced physical activity and asthma control represents a meaningful and
achievable goal. To this goal, well-designed studies examining the interrelationship between physical
activity, airway inflammation, lung function, and clinical outcomes, as well as the effect of interventions
promoting a physically active lifestyle in asthmatic individuals are urgently needed.

Author Contributions: Conceptualization, M.P. and N.R.; writing—original draft preparation, M.P.;
writing—review and editing, M.P., N.G.K., N.R. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention. Updated 2019.
Available online: https://ginasthma.org/wp-content/uploads/2019/06/GINA-2019-main-report-June-2019-
wms.pdf (accessed on 4 March 2020).

2. Global Asthma Network. The Global Asthma Report 2018; Global Asthma Network: Auckland, New Zealand, 2018.
3. Worsnop, C.J. Asthma and physical activity. Chest 2003, 124, 421–422. [CrossRef] [PubMed]
4. Nyenhuis, S.M.; Dixon, A.E.; Ma, J. Impact of lifestyle interventions targeting healthy diet, physical activity,

and weight loss on asthma in adults: What is the evidence? J. Allergy Clin. Immunol. Pract. 2018, 6, 751–763.
[CrossRef] [PubMed]

5. Caspersen, C.J.; Powell, K.E.; Christenson, G.M. Physical activity, exercise, and physical fitness: Definitions
and distinctions for health-related research. Public Health Rep. 1985, 100, 126–131. [PubMed]

6. Fleming, T.R.; Powers, J.H. Biomarkers and surrogate endpoints in clinical trials. Stat. Med. 2012, 31,
2973–2984. [CrossRef]

7. Halaweh, H.; Willen, C.; Grimby-Ekman, A.; Svantesson, U. Physical activity and health-related quality of
life among community dwelling elderly. J. Clin. Med. Res. 2015, 7, 845–852. [CrossRef]

8. Anokye, N.K.; Trueman, P.; Green, C.; Pavey, T.G.; Taylor, R.S. Physical activity and health related quality of
life. BMC Public Health 2012, 12, 624. [CrossRef]

9. Subramaniam, M.; Zhang, Y.; Lau, J.H.; Vaingankar, J.A.; Abdin, E.; Chong, S.A.; Lee, E.S. Patterns of physical
activity and health-related quality of life amongst patients with multimorbidity in a multi-ethnic Asian
population. BMC Public Health 2019, 19, 1612. [CrossRef] [PubMed]

10. Esteban, C.; Quintana, J.M.; Aburto, M.; Moraza, J.; Egurrola, M.; Perez-Izquierdo, J.; Aizpiri, S.; Aguirre, U.;
Capelastegui, A. Impact of changes in physical activity on health-related quality of life among patients with
COPD. Eur. Respir. J. 2010, 36, 292–300. [CrossRef]

11. Carson, K.V.; Chandratilleke, M.G.; Picot, J.; Brinn, M.P.; Esterman, A.J.; Smith, B.J. Physical training for
asthma. Cochrane Database Syst Rev. 2013, 30. [CrossRef]

https://ginasthma.org/wp-content/uploads/2019/06/GINA-2019-main-report-June-2019-wms.pdf
https://ginasthma.org/wp-content/uploads/2019/06/GINA-2019-main-report-June-2019-wms.pdf
http://dx.doi.org/10.1378/chest.124.2.421
http://www.ncbi.nlm.nih.gov/pubmed/12907520
http://dx.doi.org/10.1016/j.jaip.2017.10.026
http://www.ncbi.nlm.nih.gov/pubmed/29221919
http://www.ncbi.nlm.nih.gov/pubmed/3920711
http://dx.doi.org/10.1002/sim.5403
http://dx.doi.org/10.14740/jocmr2307w
http://dx.doi.org/10.1186/1471-2458-12-624
http://dx.doi.org/10.1186/s12889-019-7941-4
http://www.ncbi.nlm.nih.gov/pubmed/31791301
http://dx.doi.org/10.1183/09031936.00021409
http://dx.doi.org/10.1002/14651858.CD001116.pub4


J. Clin. Med. 2020, 9, 706 13 of 19

12. WHO. Information Sheet: Global Recommendations on Physical Activity for Health 18–64 Years Old.
Available online: https://www.who.int/dietphysicalactivity/physical-activity-recommendations-18-64years.
pdf?ua=1 (accessed on 5 February 2020).

13. WHO. Information Sheet: Global Recommendations on Physical Activity for Health 65 Years and Above.
Available online: https://www.who.int/dietphysicalactivity/physical-activity-recommendations-65years.pdf?
ua=1 (accessed on 5 February 2020).

14. Haskell, W.L.; Lee, I.M.; Pate, R.R.; Powell, K.E.; Blair, S.N.; Franklin, B.A.; Macera, C.A.; Heath, G.W.;
Thompson, P.D.; Bauman, A.; et al. Physical activity and public health: Updated recommendation for adults
from the American College of Sports Medicine and the American Heart Association. Circulation 2007, 116,
1081–1093. [CrossRef]

15. Tudor-Locke, C.; Craig, C.L.; Brown, W.J.; Clemes, S.A.; De Cocker, K.; Giles-Corti, B.; Hatano, Y.; Inoue, S.;
Matsudo, S.M.; Mutrie, N.; et al. How many steps/day are enough? For adults. Int. J. Behav. Nutr. Phys. Act.
2011, 8, 79. [CrossRef] [PubMed]

16. Tudor-Locke, C.; Craig, C.L.; Aoyagi, Y.; Bell, R.C.; Croteau, K.A.; De Bourdeaudhuij, I.; Ewald, B.;
Gardner, A.W.; Hatano, Y.; Lutes, L.D.; et al. How many steps/day are enough? For older adults and special
populations. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 80. [CrossRef] [PubMed]

17. Goldstein, R.E. Exercise capacity. In Clinical Methods: The History, Physical, and Laboratory Examinations,
3rd ed.; Walker, H.K., Hall, W.D., Hurst, J.W., Eds.; Butterworths: Boston, MA, USA, 1990; Chapter 8.

18. Pitta, F.; Troosters, T.; Spruit, M.A.; Probst, V.S.; Decramer, M.; Gosselink, R. Characteristics of physical
activities in daily life in chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 2005, 171,
972–977. [CrossRef] [PubMed]

19. Gommans, L.N.; Hageman, D.; Jansen, I.; de Gee, R.; van Lummel, R.C.; Verhofstad, N.; Scheltinga, M.R.;
Teijink, J.A. Minimal correlation between physical exercise capacity and daily activity in patients with
intermittent claudication. J. Vasc. Surg. 2016, 63, 983–989. [CrossRef]

20. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement:
Guidelines for the six-minute walk test. Am. J. Respir. Crit. Care Med. 2002, 166, 111–117. [CrossRef]

21. Fastenau, A.; van Schayck, O.C.; Gosselink, R.; Aretz, K.C.; Muris, J.W. Discrepancy between functional
exercise capacity and daily physical activity: A cross-sectional study in patients with mild to moderate
COPD. Prim. Care Respir. J. 2013, 22, 425–430. [CrossRef]

22. Da Silva, A.M.A.; Regina, B.F.; Hirose, H.L.I.; Rocha, C.F.; Zuniga, D.V. Correlation between average number
of steps per day and the six-minute walk test in asymptomatic adults and elderly. Fisioter. Pesqui. 2013, 20,
123–129.

23. Migueles, J.H.; Cadenas-Sanchez, C.; Ekelund, U.; Delisle Nystrom, C.; Mora-Gonzalez, J.; Lof, M.; Labayen, I.;
Ruiz, J.R.; Ortega, F.B. Accelerometer data collection and processing criteria to assess physical activity
and other outcomes: A systematic review and practical considerations. Sports Med. 2017, 47, 1821–1845.
[CrossRef]

24. Helmerhorst, H.J.; Brage, S.; Warren, J.; Besson, H.; Ekelund, U. A systematic review of reliability and
objective criterion-related validity of physical activity questionnaires. Int. J. Behav. Nutr. Phys. Act. 2012,
9, 103. [CrossRef]

25. Wertz, D.A.; Pollack, M.; Rodgers, K.; Bohn, R.L.; Sacco, P.; Sullivan, S.D. Impact of asthma control on sleep,
attendance at work, normal activities, and disease burden. Ann. Allergy Asthma Immunol. 2010, 105, 118–123.
[CrossRef]

26. Avallone, K.M.; McLeish, A.C. Asthma and aerobic exercise: A review of the empirical literature. J. Asthma
2013, 50, 109–116. [CrossRef] [PubMed]

27. Ford, E.S.; Heath, G.W.; Mannino, D.M.; Redd, S.C. Leisure-Time physical activity patterns among US adults
with asthma. Chest 2003, 124, 432–437. [CrossRef] [PubMed]

28. Teramoto, M.; Moonie, S. Physical activity participation among adult Nevadans with self-reported asthma.
J. Asthma 2011, 48, 517–522. [CrossRef] [PubMed]

29. Malkia, E.; Impivaara, O. Intensity of physical activity and respiratory function in subjects with and without
bronchial asthma. Scand. J. Med. Sci. Sports 1998, 8, 27–32. [CrossRef]

30. Cordova-Rivera, L.; Gibson, P.G.; Gardiner, P.A.; McDonald, V.M. A systematic review of associations
of physical activity and sedentary time with asthma outcomes. J. Allergy Clin. Immunol. Pract. 2018, 6,
1968–1981. [CrossRef]

https://www.who.int/dietphysicalactivity/physical-activity-recommendations-18-64years.pdf?ua=1
https://www.who.int/dietphysicalactivity/physical-activity-recommendations-18-64years.pdf?ua=1
https://www.who.int/dietphysicalactivity/physical-activity-recommendations-65years.pdf?ua=1
https://www.who.int/dietphysicalactivity/physical-activity-recommendations-65years.pdf?ua=1
http://dx.doi.org/10.1249/mss.0b013e3180616b27
http://dx.doi.org/10.1186/1479-5868-8-79
http://www.ncbi.nlm.nih.gov/pubmed/21798015
http://dx.doi.org/10.1186/1479-5868-8-80
http://www.ncbi.nlm.nih.gov/pubmed/21798044
http://dx.doi.org/10.1164/rccm.200407-855OC
http://www.ncbi.nlm.nih.gov/pubmed/15665324
http://dx.doi.org/10.1016/j.jvs.2015.10.060
http://dx.doi.org/10.1164/ajrccm.166.1.at1102
http://dx.doi.org/10.4104/pcrj.2013.00090
http://dx.doi.org/10.1007/s40279-017-0716-0
http://dx.doi.org/10.1186/1479-5868-9-103
http://dx.doi.org/10.1016/j.anai.2010.05.009
http://dx.doi.org/10.3109/02770903.2012.759963
http://www.ncbi.nlm.nih.gov/pubmed/23252987
http://dx.doi.org/10.1378/chest.124.2.432
http://www.ncbi.nlm.nih.gov/pubmed/12907526
http://dx.doi.org/10.3109/02770903.2011.567426
http://www.ncbi.nlm.nih.gov/pubmed/21486198
http://dx.doi.org/10.1111/j.1600-0838.1998.tb00225.x
http://dx.doi.org/10.1016/j.jaip.2018.02.027


J. Clin. Med. 2020, 9, 706 14 of 19

31. Cordova-Rivera, L.; Gibson, P.G.; Gardiner, P.A.; Powell, H.; McDonald, V.M. Physical activity and exercise
capacity in severe asthma: Key clinical associations. J. Allergy Clin. Immunol. Pract. 2018, 6, 814–822.
[CrossRef]

32. Van ‘t Hul, A.J.; Frouws, S.; van den Akker, E.; van Lummel, R.; Starrenburg-Razenberg, A.; van Bruggen, A.;
Braunstahl, G.J.; In ‘t Veen, J.C. Decreased physical activity in adults with bronchial asthma. Respir. Med.
2016, 114, 72–77. [CrossRef]

33. Tudor-Locke, C.; Craig, C.L.; Thyfault, J.P.; Spence, J.C. A step-defined sedentary lifestyle index: <5000
steps/day. Appl. Physiol. Nutr. Metab. 2013, 38, 100–114. [CrossRef]

34. Chung, K.F.; Wenzel, S.E.; Brozek, J.L.; Bush, A.; Castro, M.; Sterk, P.J.; Adcock, I.M.; Bateman, E.D.; Bel, E.H.;
Bleecker, E.R.; et al. International ERS/ATS guidelines on definition, evaluation and treatment of severe
asthma. Eur. Respir. J. 2014, 43, 343–373. [CrossRef]

35. Bruno, A.; Uasuf, C.G.; Insalaco, G.; Barazzoni, R.; Ballacchino, A.; Gjomarkaj, M.; Pace, E. Nutritional status
and physical inactivity in moderated asthmatics: A pilot study. Medicine. 2016, 95, e4485. [CrossRef]

36. Bahmer, T.; Waschki, B.; Schatz, F.; Herzmann, C.; Zabel, P.; Kirsten, A.M.; Rabe, K.F.; Watz, H. Physical activity,
airway resistance and small airway dysfunction in severe asthma. Eur. Respir. J. 2017, 49. [CrossRef]
[PubMed]

37. Scichilone, N.; Contoli, M.; Paleari, D.; Pirina, P.; Rossi, A.; Sanguinetti, C.M.; Santus, P.; Sofia, M.; Sverzellati, N.
Assessing and accessing the small airways; implications for asthma management. Pulm. Pharmacol. Ther.
2013, 26, 172–179. [CrossRef] [PubMed]

38. Hennegrave, F.; Le Rouzic, O.; Fry, S.; Behal, H.; Chenivesse, C.; Wallaert, B. Factors associated with daily life
physical activity in patients with asthma. Health Sci. Rep. 2018, 1, e84. [CrossRef] [PubMed]

39. Panagiotou, M.; Koulouris, N.; Koutsoukou, A.; Tsami, M.; Syrigou, E.; Rovina, N. Late breaking
abstract—Daily physical activity in patients with severe asthma and the effect of anti-IL5 therapy. Eur. Respir. J.
2019, 54. [CrossRef]

40. Louvaris, Z.; Kortianou, E.A.; Spetsioti, S.; Vasilopoulou, M.; Nasis, I.; Asimakos, A.; Zakynthinos, S.;
Vogiatzis, I. Intensity of daily physical activity is associated with central hemodynamic and leg muscle
oxygen availability in COPD. J. Appl. Physiol. 2013, 115, 794–802. [CrossRef] [PubMed]

41. Sousa, A.W.; Cabral, A.L.; Martins, M.A.; Carvalho, C.R. Daily physical activity in asthmatic children with
distinct severities. J. Asthma 2014, 51, 493–497. [CrossRef]

42. Westergren, T.; Ommundsen, Y.; Lodrup Carlsen, K.C.; Carlsen, K.H.; Mowinckel, P.; Fegran, L.; Berntsen, S.
A nested case-control study: Personal, social and environmental correlates of vigorous physical activity in
adolescents with asthma. J. Asthma 2015, 52, 155–161. [CrossRef]

43. Clark, C.J.; Cochrane, L.M. Assessment of work performance in asthma for determination of cardiorespiratory
fitness and training capacity. Thorax 1988, 43, 745–749. [CrossRef]

44. Freeman, W.; Packe, G.E.; Cayton, R.M. Effect of nebulised salbutamol on maximal exercise performance in
men with mild asthma. Thorax 1989, 44, 942–947. [CrossRef]

45. Rossman, M.J.; Nader, S.; Berry, D.; Orsini, F.; Klansky, A.; Haverkamp, H.C. Effects of altered airway function
on exercise ventilation in asthmatic adults. Med. Sci. Sports Exerc. 2014, 46, 1104–1113. [CrossRef]

46. Clark, C.J. Asthma and exercise: A suitable case for rehabilitation? Thorax 1992, 47, 765–767. [CrossRef]
[PubMed]

47. Verlaet, A.; Moreira, A.; Sa-Sousa, A.; Barros, R.; Santos, R.; Moreira, P.; Fonseca, J. Physical activity in
adults with controlled and uncontrolled asthma as compared to healthy adults: A cross-sectional study.
Clin. Transl. Allergy 2013, 3, 1. [CrossRef] [PubMed]

48. Ritz, T.; Rosenfield, D.; Steptoe, A. Physical activity, lung function, and shortness of breath in the daily life of
individuals with asthma. Chest 2010, 138, 913–918. [CrossRef] [PubMed]

49. Russell, M.A.; Janson, C.; Real, F.G.; Johannessen, A.; Waatevik, M.; Benediktsdottir, B.; Holm, M.; Lindberg, E.;
Schlunssen, V.; Raza, W.; et al. Physical activity and asthma: A longitudinal and multi-country study.
J. Asthma 2017, 54, 938–945. [CrossRef]

50. Pavord, I.D.; Mathieson, N.; Scowcroft, A.; Pedersini, R.; Isherwood, G.; Price, D. The impact of poor asthma
control among asthma patients treated with inhaled corticosteroids plus long-acting β2-agonists in the
United Kingdom: A cross-sectional analysis. NPJ Prim. Care Respir. Med. 2017, 27, 17. [CrossRef]

http://dx.doi.org/10.1016/j.jaip.2017.09.022
http://dx.doi.org/10.1016/j.rmed.2016.03.016
http://dx.doi.org/10.1139/apnm-2012-0235
http://dx.doi.org/10.1183/09031936.00202013
http://dx.doi.org/10.1097/MD.0000000000004485
http://dx.doi.org/10.1183/13993003.01827-2016
http://www.ncbi.nlm.nih.gov/pubmed/28052957
http://dx.doi.org/10.1016/j.pupt.2012.10.001
http://www.ncbi.nlm.nih.gov/pubmed/23073337
http://dx.doi.org/10.1002/hsr2.84
http://www.ncbi.nlm.nih.gov/pubmed/30623040
http://dx.doi.org/10.1183/13993003.congress-2019.PA1648
http://dx.doi.org/10.1152/japplphysiol.00379.2013
http://www.ncbi.nlm.nih.gov/pubmed/23845982
http://dx.doi.org/10.3109/02770903.2014.888571
http://dx.doi.org/10.3109/02770903.2014.955190
http://dx.doi.org/10.1136/thx.43.10.745
http://dx.doi.org/10.1136/thx.44.11.942
http://dx.doi.org/10.1249/MSS.0000000000000206
http://dx.doi.org/10.1136/thx.47.10.765
http://www.ncbi.nlm.nih.gov/pubmed/1481172
http://dx.doi.org/10.1186/2045-7022-3-1
http://www.ncbi.nlm.nih.gov/pubmed/23320405
http://dx.doi.org/10.1378/chest.08-3073
http://www.ncbi.nlm.nih.gov/pubmed/20472861
http://dx.doi.org/10.1080/02770903.2017.1281293
http://dx.doi.org/10.1038/s41533-017-0014-1


J. Clin. Med. 2020, 9, 706 15 of 19

51. Haselkorn, T.; Chen, H.; Miller, D.P.; Fish, J.E.; Peters, S.P.; Weiss, S.T.; Jones, C.A. Asthma control and
activity limitations: Insights from the real-world evaluation of asthma control and treatment (REACT) study.
Ann. Allergy Asthma Immunol. 2010, 104, 471–477. [CrossRef]

52. Bonini, M.; Palange, P. Exercise-Induced bronchoconstriction: New evidence in pathogenesis, diagnosis and
treatment. Asthma Res. Pract. 2015, 1, 2. [CrossRef]

53. Ritz, T.; Kullowatz, A.; Bobb, C.; Dahme, B.; Magnussen, H.; Kanniess, F.; Steptoe, A. Psychological triggers
and hyperventilation symptoms in asthma. Ann. Allergy Asthma Immunol. 2008, 100, 426–432. [CrossRef]

54. Agache, I.; Ciobanu, C.; Paul, G.; Rogozea, L. Dysfunctional breathing phenotype in adults with
asthma—Incidence and risk factors. Clin. Transl. Allergy 2012, 2, 18. [CrossRef]

55. Low, K.; Ruane, L.; Uddin, N.; Finlay, P.; Lau, K.K.; Hamza, K.; Holmes, P.W.; Hamilton, G.; Bardin, P.G.
Abnormal vocal cord movement in patients with and without airway obstruction and asthma symptoms.
Clin. Exp. Allergy 2017, 47, 200–207. [CrossRef]

56. Hull, J.H.; Walsted, E.S.; Pavitt, M.J.; Menzies-Gow, A.; Backer, V.; Sandhu, G. High prevalence of laryngeal
obstruction during exercise in severe asthma. Am. J. Respir. Crit. Care Med. 2019, 199, 538–542. [CrossRef]
[PubMed]

57. Boulet, L.P. Asthma and obesity. Clin. Exp. Allergy 2013, 43, 8–21. [CrossRef] [PubMed]
58. Battaglia, S.; Benfante, A.; Spatafora, M.; Scichilone, N. Asthma in the elderly: A different disease? Breathe

2016, 12, 18–28. [CrossRef] [PubMed]
59. Freitas, P.D.; Silva, A.G.; Ferreira, P.G.; da Silva, A.; Salge, J.M.; Carvalho-Pinto, R.M.; Cukier, A.; Brito, C.M.;

Mancini, M.C.; Carvalho, C.R.F. Exercise improves physical activity and comorbidities in obese adults with
asthma. Med. Sci. Sports Exerc. 2018, 50, 1367–1376. [CrossRef]

60. Hsu, J.; Chen, J.; Mirabelli, M.C. Asthma morbidity, comorbidities, and modifiable factors among older
adults. J. Allergy Clin. Immunol. Pract. 2018, 6, 236–243. [CrossRef]

61. Adams, R.J.; Wilson, D.H.; Taylor, A.W.; Daly, A.; Tursan d’Espaignet, E.; Dal Grande, E.; Ruffin, R.E.
Psychological factors and asthma quality of life: A population based study. Thorax 2004, 59, 930–935.
[CrossRef]

62. Ritz, T.; Meuret, A.E.; Trueba, A.F.; Fritzsche, A.; von Leupoldt, A. Psychosocial factors and behavioral
medicine interventions in asthma. J. Consult. Clin. Psychol. 2013, 81, 231–250. [CrossRef]

63. Shim, Y.M.; Burnette, A.; Lucas, S.; Herring, R.C.; Weltman, J.; Patrie, J.T.; Weltman, A.L.; Platts-Mills, T.A.
Physical deconditioning as a cause of breathlessness among obese adolescents with a diagnosis of asthma.
PLoS ONE 2013, 8, e61022. [CrossRef]

64. Eijkemans, M.; Mommers, M.; Draaisma, J.M.; Thijs, C.; Prins, M.H. Physical activity and asthma: A systematic
review and meta-analysis. PLoS ONE 2012, 7, e50775. [CrossRef]

65. Huovinen, E.; Kaprio, J.; Koskenvuo, M. Factors associated to lifestyle and risk of adult onset asthma.
Respir. Med. 2003, 97, 273–280. [CrossRef]

66. Beckett, W.S.; Jacobs, D.R., Jr.; Yu, X.; Iribarren, C.; Williams, O.D. Asthma is associated with weight gain in
females but not males, independent of physical activity. Am. J. Respir. Crit. Care Med. 2001, 164, 2045–2050.
[CrossRef] [PubMed]

67. Benet, M.; Varraso, R.; Kauffmann, F.; Romieu, I.; Anto, J.M.; Clavel-Chapelon, F.; Garcia-Aymerich, J.
The effects of regular physical activity on adult-onset asthma incidence in women. Respir. Med. 2011, 105,
1104–1107. [CrossRef] [PubMed]

68. Brumpton, B.M.; Langhammer, A.; Ferreira, M.A.; Chen, Y.; Mai, X.M. Physical activity and incident asthma
in adults: The HUNT study, Norway. BMJ Open 2016, 6, e013856. [CrossRef] [PubMed]

69. Driessen, L.M.; Kiefte-de Jong, J.C.; Jaddoe, V.W.; Hofman, A.; Raat, H.; de Jongste, J.C.; Moll, H.A.
Physical activity and respiratory symptoms in children: The generation R study. Pediatr. Pulmonol. 2014, 49,
36–42. [CrossRef] [PubMed]

70. Rasmussen, F.; Lambrechtsen, J.; Siersted, H.C.; Hansen, H.S.; Hansen, N.C. Low physical fitness in
childhood is associated with the development of asthma in young adulthood: The Odense schoolchild study.
Eur. Respir. J. 2000, 16, 866–870. [CrossRef] [PubMed]

71. Garcia-Aymerich, J.; Varraso, R.; Anto, J.M.; Camargo, C.A., Jr. Prospective study of physical activity and
risk of asthma exacerbations in older women. Am. J. Respir. Crit. Care Med. 2009, 179, 999–1003. [CrossRef]

72. Dogra, S.; Baker, J.; Ardern, C.I. The role of physical activity and body mass index in the health care use of
adults with asthma. Ann. Allergy Asthma Immunol. 2009, 102, 462–468. [CrossRef]

http://dx.doi.org/10.1016/j.anai.2010.04.006
http://dx.doi.org/10.1186/s40733-015-0004-4
http://dx.doi.org/10.1016/S1081-1206(10)60466-8
http://dx.doi.org/10.1186/2045-7022-2-18
http://dx.doi.org/10.1111/cea.12828
http://dx.doi.org/10.1164/rccm.201809-1734LE
http://www.ncbi.nlm.nih.gov/pubmed/30570393
http://dx.doi.org/10.1111/j.1365-2222.2012.04040.x
http://www.ncbi.nlm.nih.gov/pubmed/23278876
http://dx.doi.org/10.1183/20734735.002816
http://www.ncbi.nlm.nih.gov/pubmed/27064568
http://dx.doi.org/10.1249/MSS.0000000000001574
http://dx.doi.org/10.1016/j.jaip.2017.06.007
http://dx.doi.org/10.1136/thx.2003.010256
http://dx.doi.org/10.1037/a0030187
http://dx.doi.org/10.1371/journal.pone.0061022
http://dx.doi.org/10.1371/journal.pone.0050775
http://dx.doi.org/10.1053/rmed.2003.1419
http://dx.doi.org/10.1164/ajrccm.164.11.2004235
http://www.ncbi.nlm.nih.gov/pubmed/11739133
http://dx.doi.org/10.1016/j.rmed.2011.03.016
http://www.ncbi.nlm.nih.gov/pubmed/21493054
http://dx.doi.org/10.1136/bmjopen-2016-013856
http://www.ncbi.nlm.nih.gov/pubmed/27864254
http://dx.doi.org/10.1002/ppul.22839
http://www.ncbi.nlm.nih.gov/pubmed/23843308
http://dx.doi.org/10.1183/09031936.00.16586600
http://www.ncbi.nlm.nih.gov/pubmed/11153585
http://dx.doi.org/10.1164/rccm.200812-1929OC
http://dx.doi.org/10.1016/S1081-1206(10)60118-4


J. Clin. Med. 2020, 9, 706 16 of 19

73. Doggett, N.; Dogra, S. Physical inactivity and television-viewing time among Aboriginal adults with asthma:
A cross-sectional analysis of the Aboriginal peoples survey. Health Promot. Chronic Dis. Prev. Can. 2015, 35,
54–61. [CrossRef]

74. Garcia-Aymerich, J.; Lange, P.; Benet, M.; Schnohr, P.; Anto, J.M. Regular physical activity modifies
smoking-related lung function decline and reduces risk of chronic obstructive pulmonary disease:
A population-based cohort study. Am. J. Respir. Crit. Care Med. 2007, 175, 458–463. [CrossRef]

75. Brumpton, B.M.; Langhammer, A.; Henriksen, A.H.; Camargo, C.A., Jr.; Chen, Y.; Romundstad, P.R.; Mai, X.M.
Physical activity and lung function decline in adults with asthma: The HUNT study. Respirology 2017, 22,
278–283. [CrossRef]

76. Loponen, J.; Ilmarinen, P.; Tuomisto, L.E.; Niemela, O.; Tommola, M.; Nieminen, P.; Lehtimaki, L.;
Kankaanranta, H. Daily physical activity and lung function decline in adult-onset asthma: A 12-year
follow-up study. Eur. Clin. Respir. J. 2018, 5, 1533753. [CrossRef] [PubMed]

77. Turner, S.; Eastwood, P.; Cook, A.; Jenkins, S. Improvements in symptoms and quality of life following
exercise training in older adults with moderate/severe persistent asthma. Respir. Int. Rev. Thorac. Dis. 2011,
81, 302–310. [CrossRef] [PubMed]

78. Jaakkola, J.J.K.; Aalto, S.A.M.; Hernberg, S.; Kiihamaki, S.P.; Jaakkola, M.S. Regular exercise improves asthma
control in adults: A randomized controlled trial. Sci. Rep. 2019, 9, 12088. [CrossRef] [PubMed]

79. Dogra, S.; Kuk, J.L.; Baker, J.; Jamnik, V. Exercise is associated with improved asthma control in adults.
Eur. Respir. J. 2011, 37, 318–323. [CrossRef]

80. Mendes, F.A.; Goncalves, R.C.; Nunes, M.P.; Saraiva-Romanholo, B.M.; Cukier, A.; Stelmach, R.;
Jacob-Filho, W.; Martins, M.A.; Carvalho, C.R. Effects of aerobic training on psychosocial morbidity
and symptoms in patients with asthma: A randomized clinical trial. Chest 2010, 138, 331–337. [CrossRef]

81. Emtner, M.; Finne, M.; Stalenheim, G. A 3-year follow-up of asthmatic patients participating in a 10-week
rehabilitation program with emphasis on physical training. Arch. Phys. Med. Rehabil. 1998, 79, 539–544.
[CrossRef]

82. Boyd, A.; Yang, C.T.; Estell, K.; Ms, C.T.; Gerald, L.B.; Dransfield, M.; Bamman, M.; Bonner, J.; Atkinson, T.P.;
Schwiebert, L.M. Feasibility of exercising adults with asthma: A randomized pilot study. Allergy Asthma
Clin. Immunol. 2012, 8, 13. [CrossRef]

83. Saxer, S.; Schneider, S.R.; Appenzeller, P.; Bader, P.R.; Lichtblau, M.; Furian, M.; Sheraliev, U.; Estebesova, B.;
Emilov, B.; Sooronbaev, T.; et al. Asthma rehabilitation at high vs. low altitude: Randomized parallel-group
trial. BMC Pulm. Med. 2019, 19, 134. [CrossRef]

84. Franca-Pinto, A.; Mendes, F.A.; de Carvalho-Pinto, R.M.; Agondi, R.C.; Cukier, A.; Stelmach, R.;
Saraiva-Romanholo, B.M.; Kalil, J.; Martins, M.A.; Giavina-Bianchi, P.; et al. Aerobic training decreases
bronchial hyperresponsiveness and systemic inflammation in patients with moderate or severe asthma:
A randomised controlled trial. Thorax 2015, 70, 732–739. [CrossRef]

85. Toennesen, L.L.; Meteran, H.; Hostrup, M.; Wium Geiker, N.R.; Jensen, C.B.; Porsbjerg, C.; Astrup, A.;
Bangsbo, J.; Parker, D.; Backer, V. Effects of exercise and diet in nonobese asthma patients: A randomized
controlled trial. J. Allergy Clin. Immunol. Pract. 2018, 6, 803–811. [CrossRef]

86. Freitas, P.D.; Ferreira, P.G.; Silva, A.G.; Stelmach, R.; Carvalho-Pinto, R.M.; Fernandes, F.L.; Mancini, M.C.;
Sato, M.N.; Martins, M.A.; Carvalho, C.R. The role of exercise in a weight-loss program on clinical control in
obese adults with asthma: A randomized controlled trial. Am. J. Respir. Crit. Care Med. 2017, 195, 32–42.
[CrossRef]

87. Eichenberger, P.A.; Diener, S.N.; Kofmehl, R.; Spengler, C.M. Effects of exercise training on airway
hyperreactivity in asthma: A systematic review and meta-analysis. Sports Med. 2013, 43, 1157–1170.
[CrossRef] [PubMed]

88. Meyer, A.; Gunther, S.; Volmer, T.; Taube, K.; Baumann, H.J. A 12-month, moderate-intensity exercise training
program improves fitness and quality of life in adults with asthma: A controlled trial. BMC Pulm. Med. 2015,
15, 56. [CrossRef] [PubMed]

89. Geiger, K.R.; Henschke, N. Swimming for children and adolescents with asthma. Br. J. Sports Med. 2015, 49,
835–836. [CrossRef] [PubMed]

90. Grande, A.J.; Silva, V.; Andriolo, B.N.; Riera, R.; Parra, S.A.; Peccin, M.S. Water-Based exercise for adults
with asthma. Cochrane Database Syst. Rev. 2014. [CrossRef] [PubMed]

http://dx.doi.org/10.24095/hpcdp.35.3.02
http://dx.doi.org/10.1164/rccm.200607-896OC
http://dx.doi.org/10.1111/resp.12884
http://dx.doi.org/10.1080/20018525.2018.1533753
http://www.ncbi.nlm.nih.gov/pubmed/30370021
http://dx.doi.org/10.1159/000315142
http://www.ncbi.nlm.nih.gov/pubmed/20501982
http://dx.doi.org/10.1038/s41598-019-48484-8
http://www.ncbi.nlm.nih.gov/pubmed/31427628
http://dx.doi.org/10.1183/09031936.00182209
http://dx.doi.org/10.1378/chest.09-2389
http://dx.doi.org/10.1016/S0003-9993(98)90070-3
http://dx.doi.org/10.1186/1710-1492-8-13
http://dx.doi.org/10.1186/s12890-019-0890-y
http://dx.doi.org/10.1136/thoraxjnl-2014-206070
http://dx.doi.org/10.1016/j.jaip.2017.09.028
http://dx.doi.org/10.1164/rccm.201603-0446OC
http://dx.doi.org/10.1007/s40279-013-0077-2
http://www.ncbi.nlm.nih.gov/pubmed/23846823
http://dx.doi.org/10.1186/s12890-015-0053-8
http://www.ncbi.nlm.nih.gov/pubmed/25947010
http://dx.doi.org/10.1136/bjsports-2013-093397
http://www.ncbi.nlm.nih.gov/pubmed/24550207
http://dx.doi.org/10.1002/14651858.CD010456.pub2
http://www.ncbi.nlm.nih.gov/pubmed/25032820


J. Clin. Med. 2020, 9, 706 17 of 19

91. Arandelovic, M.; Stankovic, I.; Nikolic, M. Swimming and persons with mild persistant asthma. Sci. World J.
2007, 7, 1182–1188. [CrossRef] [PubMed]

92. Hewitt, M.; Estell, K.; Davis, I.C.; Schwiebert, L.M. Repeated bouts of moderate-intensity aerobic exercise
reduce airway reactivity in a murine asthma model. Am. J. Respir. Cell Mol. Biol. 2010, 42, 243–249. [CrossRef]

93. Boulet, L.P.; O’Byrne, P.M. Asthma and exercise-induced bronchoconstriction in athletes. N. Engl. J. Med.
2015, 372, 641–648. [CrossRef]

94. Arie, S. What can we learn from asthma in elite athletes? BMJ 2012, 344, e2556. [CrossRef]
95. Couto, M.; Stang, J.; Horta, L.; Stensrud, T.; Severo, M.; Mowinckel, P.; Silva, D.; Delgado, L.; Moreira, A.;

Carlsen, K.H. Two distinct phenotypes of asthma in elite athletes identified by latent class analysis. J. Asthma
2015, 52, 897–904. [CrossRef]

96. Burns, J.; Mason, C.; Mueller, N.; Ohlander, J.; Zock, J.P.; Drobnic, F.; Wolfarth, B.; Heinrich, J.; Omenaas, E.;
Stensrud, T.; et al. Asthma prevalence in Olympic summer athletes and the general population: An analysis
of three European countries. Respir. Med. 2015, 109, 813–820. [CrossRef] [PubMed]

97. Gawlik, R.; Kurowski, M.; Kowalski, M.; Zietkowski, Z.; Pokrywka, A.; Krysztofiak, H.; Krzywanski, J.;
Bugajski, A.; Bartuzi, Z. Asthma and exercise-induced respiratory disorders in athletes. The position paper
of the Polish Society of Allergology and Polish Society of Sports Medicine. Postep. Dermatol. Alergol. 2019,
36, 1–10. [CrossRef] [PubMed]

98. Rijssenbeek-Nouwens, L.H.; Fieten, K.B.; Bron, A.O.; Hashimoto, S.; Bel, E.H.; Weersink, E.J.
High-Altitude treatment in atopic and nonatopic patients with severe asthma. Eur. Respir. J. 2012,
40, 1374–1380. [CrossRef] [PubMed]

99. Grootendorst, D.C.; Dahlen, S.E.; Van Den Bos, J.W.; Duiverman, E.J.; Veselic-Charvat, M.; Vrijlandt, E.J.;
O’Sullivan, S.; Kumlin, M.; Sterk, P.J.; Roldaan, A.C. Benefits of high altitude allergen avoidance in atopic
adolescents with moderate to severe asthma, over and above treatment with high dose inhaled steroids.
Clin. Exp. Allergy 2001, 31, 400–408. [CrossRef]

100. Spruit, M.A.; Singh, S.J.; Garvey, C.; Zuwallack, R.; Nici, L.; Rochester, C.; Hill, K.; Holland, A.E.; Lareau, S.C.;
Man, W.D.; et al. An official American Thoracic Society/European Respiratory Society statement: Key
concepts and advances in pulmonary rehabilitation. Am. J. Respir. Crit. Care Med. 2013, 188, e13–e64.
[CrossRef] [PubMed]

101. Rochester, C.L.; Vogiatzis, I.; Holland, A.E.; Lareau, S.C.; Marciniuk, D.D.; Puhan, M.A.; Spruit, M.A.;
Masefield, S.; Casaburi, R.; Clini, E.M.; et al. An official American Thoracic Society/European Respiratory
Society policy statement: Enhancing implementation, use, and delivery of pulmonary rehabilitation. Am. J.
Respir. Crit. Care Med. 2015, 192, 1373–1386. [CrossRef]

102. Spruit, M.A.; Pitta, F.; McAuley, E.; ZuWallack, R.L.; Nici, L. Pulmonary rehabilitation and physical activity
in patients with chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 2015, 192, 924–933.
[CrossRef]

103. Qian, F.H.; Zhang, Q.; Zhou, L.F.; Liu, H.; Huang, M.; Zhang, X.L.; Yin, K.S. High-Sensitivity C-reactive
protein: A predicative marker in severe asthma. Respirology 2008, 13, 664–669. [CrossRef]

104. Petersen, A.M.; Pedersen, B.K. The anti-inflammatory effect of exercise. J. Appl. Physiol. 2005, 98, 1154–1162.
[CrossRef]

105. Gleeson, M.; Bishop, N.C.; Stensel, D.J.; Lindley, M.R.; Mastana, S.S.; Nimmo, M.A. The anti-inflammatory
effects of exercise: Mechanisms and implications for the prevention and treatment of disease.
Nat. Rev. Immunol. 2011, 11, 607–615. [CrossRef]

106. Silva, R.A.; Almeida, F.M.; Olivo, C.R.; Saraiva-Romanholo, B.M.; Martins, M.A.; Carvalho, C.R. Exercise
reverses OVA-induced inhibition of glucocorticoid receptor and increases anti-inflammatory cytokines in
asthma. Scand. J. Med. Sci. Sports 2016, 26, 82–92. [CrossRef] [PubMed]

107. Handzlik, M.K.; Shaw, A.J.; Dungey, M.; Bishop, N.C.; Gleeson, M. The influence of exercise training status
on antigen-stimulated IL-10 production in whole blood culture and numbers of circulating regulatory T cells.
Eur. J. Appl. Physiol. 2013, 113, 1839–1848. [CrossRef] [PubMed]

108. Olivo, C.R.; Vieira, R.P.; Arantes-Costa, F.M.; Perini, A.; Martins, M.A.; Carvalho, C.R. Effects of aerobic
exercise on chronic allergic airway inflammation and remodeling in guinea pigs. Respir. Physiol. Neurobiol.
2012, 182, 81–87. [CrossRef] [PubMed]

109. Pastva, A.; Estell, K.; Schoeb, T.R.; Atkinson, T.P.; Schwiebert, L.M. Aerobic exercise attenuates airway
inflammatory responses in a mouse model of atopic asthma. J. Immunol. 2004, 172, 4520–4526. [CrossRef]

http://dx.doi.org/10.1100/tsw.2007.221
http://www.ncbi.nlm.nih.gov/pubmed/17704850
http://dx.doi.org/10.1165/rcmb.2009-0038OC
http://dx.doi.org/10.1056/NEJMra1407552
http://dx.doi.org/10.1136/bmj.e2556
http://dx.doi.org/10.3109/02770903.2015.1067321
http://dx.doi.org/10.1016/j.rmed.2015.05.002
http://www.ncbi.nlm.nih.gov/pubmed/26013359
http://dx.doi.org/10.5114/ada.2019.82820
http://www.ncbi.nlm.nih.gov/pubmed/30858772
http://dx.doi.org/10.1183/09031936.00195211
http://www.ncbi.nlm.nih.gov/pubmed/22441741
http://dx.doi.org/10.1046/j.1365-2222.2001.01022.x
http://dx.doi.org/10.1164/rccm.201309-1634ST
http://www.ncbi.nlm.nih.gov/pubmed/24127811
http://dx.doi.org/10.1164/rccm.201510-1966ST
http://dx.doi.org/10.1164/rccm.201505-0929CI
http://dx.doi.org/10.1111/j.1440-1843.2008.01314.x
http://dx.doi.org/10.1152/japplphysiol.00164.2004
http://dx.doi.org/10.1038/nri3041
http://dx.doi.org/10.1111/sms.12411
http://www.ncbi.nlm.nih.gov/pubmed/25652754
http://dx.doi.org/10.1007/s00421-013-2614-y
http://www.ncbi.nlm.nih.gov/pubmed/23435500
http://dx.doi.org/10.1016/j.resp.2012.05.004
http://www.ncbi.nlm.nih.gov/pubmed/22633937
http://dx.doi.org/10.4049/jimmunol.172.7.4520


J. Clin. Med. 2020, 9, 706 18 of 19

110. Vieira, R.P.; Claudino, R.C.; Duarte, A.C.; Santos, A.B.; Perini, A.; Faria Neto, H.C.; Mauad, T.; Martins, M.A.;
Dolhnikoff, M.; Carvalho, C.R. Aerobic exercise decreases chronic allergic lung inflammation and airway
remodeling in mice. Am. J. Respir. Crit. Care Med. 2007, 176, 871–877. [CrossRef]

111. Silva, R.A.; Vieira, R.P.; Duarte, A.C.; Lopes, F.D.; Perini, A.; Mauad, T.; Martins, M.A.; Carvalho, C.R.
Aerobic training reverses airway inflammation and remodelling in an asthma murine model. Eur. Respir. J.
2010, 35, 994–1002. [CrossRef]

112. Scott, H.A.; Latham, J.R.; Callister, R.; Pretto, J.J.; Baines, K.; Saltos, N.; Upham, J.W.; Wood, L.G.
Acute exercise is associated with reduced exhaled nitric oxide in physically inactive adults with asthma.
Ann. Allergy Asthma Immunol. 2015, 114, 470–479. [CrossRef]

113. Lucas, S.R.; Platts-Mills, T.A. Physical activity and exercise in asthma: Relevance to etiology and treatment.
J. Allergy Clin. Immunol. 2005, 115, 928–934. [CrossRef]

114. Prossegger, J.; Huber, D.; Grafetstatter, C.; Pichler, C.; Braunschmid, H.; Weisbock-Erdheim, R.; Hartl, A.
Winter exercise reduces allergic airway inflammation: A randomized controlled study. Int. J. Environ. Res.
Public Health 2019, 16, 2040. [CrossRef]

115. Estaki, M.; Pither, J.; Baumeister, P.; Little, J.P.; Gill, S.K.; Ghosh, S.; Ahmadi-Vand, Z.; Marsden, K.R.;
Gibson, D.L. Cardiorespiratory fitness as a predictor of intestinal microbial diversity and distinct metagenomic
functions. Microbiome 2016, 4, 42. [CrossRef]

116. Welly, R.J.; Liu, T.W.; Zidon, T.M.; Rowles, J.L., III; Park, Y.M.; Smith, T.N.; Swanson, K.S.; Padilla, J.;
Vieira-Potter, V.J. Comparison of diet versus exercise on metabolic function and gut microbiota in obese rats.
Med. Sci. Sports Exerc. 2016, 48, 1688–1698. [CrossRef] [PubMed]

117. Denou, E.; Marcinko, K.; Surette, M.G.; Steinberg, G.R.; Schertzer, J.D. High-Intensity exercise training
increases the diversity and metabolic capacity of the mouse distal gut microbiota during diet-induced obesity.
Am. J. Physiol. Endocrinol. Metab. 2016, 310, E982–E993. [CrossRef] [PubMed]

118. Campbell, S.C.; Wisniewski, P.J.; Noji, M.; McGuinness, L.R.; Haggblom, M.M.; Lightfoot, S.A.; Joseph, L.B.;
Kerkhof, L.J. The effect of diet and exercise on intestinal integrity and microbial diversity in mice. PLoS ONE
2016, 11, e0150502. [CrossRef] [PubMed]

119. Jerning, C.; Martinander, E.; Bjerg, A.; Ekerljung, L.; Franklin, K.A.; Jarvholm, B.; Larsson, K.; Malinovschi, A.;
Middelveld, R.; Emtner, M.; et al. Asthma and physical activity—A population based study results from the
Swedish GA(2)LEN survey. Respir. Med. 2013, 107, 1651–1658. [CrossRef]

120. Tashiro, H.; Shore, S.A. Obesity and severe asthma. Allergol. Int. 2019, 68, 135–142. [CrossRef]
121. Teng, Y.K.; Huang, J.L.; Yeh, K.W.; Fu, L.S.; Lin, C.H.; Ma, W.F.; Lee, S.D.; Chiang, L.C. Influential factors

of insufficient physical activity among adolescents with asthma in Taiwan. PLoS ONE 2014, 9, e116417.
[CrossRef]

122. Peters, U.; Dixon, A.E.; Forno, E. Obesity and asthma. J. Allergy Clin. Immunol. 2018, 141, 1169–1179.
[CrossRef]

123. Wood, L.G.; Shivappa, N.; Berthon, B.S.; Gibson, P.G.; Hebert, J.R. Dietary inflammatory index is related
to asthma risk, lung function and systemic inflammation in asthma. Clin. Exp. Allergy 2015, 45, 177–183.
[CrossRef]

124. Wood, L.G.; Garg, M.L.; Smart, J.M.; Scott, H.A.; Barker, D.; Gibson, P.G. Manipulating antioxidant intake in
asthma: A randomized controlled trial. Am. J. Clin. Nutr. 2012, 96, 534–543. [CrossRef]

125. Bentzon, A.K.; Loehde, L.W.; Backer, V.; Toennesen, L. The long-term effect of an exercise and diet intervention
in asthma patients: A 1-year follow-up on a randomised controlled trial. ERJ Open Res. 2019, 5. [CrossRef]

126. Chupp, G.L.; Bradford, E.S.; Albers, F.C.; Bratton, D.J.; Wang-Jairaj, J.; Nelsen, L.M.; Trevor, J.L.; Magnan, A.;
Ten Brinke, A. Efficacy of mepolizumab add-on therapy on health-related quality of life and markers of
asthma control in severe eosinophilic asthma (MUSCA): A randomised, double-blind, placebo-controlled,
parallel-group, multicentre, phase 3b trial. Lancet Respir. Med. 2017, 5, 390–400. [CrossRef]

127. Bermejo, I.; Stevenson, M.; Cooper, K.; Harnan, S.; Hamilton, J.; Clowes, M.; Carroll, C.; Harrison, T.; Saha, S.
Mepolizumab for treating severe eosinophilic asthma: An evidence review group perspective of a NICE
single technology appraisal. Pharmacoeconomics 2018, 36, 131–144. [CrossRef] [PubMed]

128. Santus, P.; Saad, M.; Damiani, G.; Patella, V.; Radovanovic, D. Current aninducedd future targeted therapies
for severe asthma: Managing treatment with biologics based on phenotypes and biomarkers. Pharmacol. Res.
2019, 146, 104296. [CrossRef] [PubMed]

http://dx.doi.org/10.1164/rccm.200610-1567OC
http://dx.doi.org/10.1183/09031936.00049509
http://dx.doi.org/10.1016/j.anai.2015.04.002
http://dx.doi.org/10.1016/j.jaci.2005.01.033
http://dx.doi.org/10.3390/ijerph16112040
http://dx.doi.org/10.1186/s40168-016-0189-7
http://dx.doi.org/10.1249/MSS.0000000000000964
http://www.ncbi.nlm.nih.gov/pubmed/27128671
http://dx.doi.org/10.1152/ajpendo.00537.2015
http://www.ncbi.nlm.nih.gov/pubmed/27117007
http://dx.doi.org/10.1371/journal.pone.0150502
http://www.ncbi.nlm.nih.gov/pubmed/26954359
http://dx.doi.org/10.1016/j.rmed.2013.08.040
http://dx.doi.org/10.1016/j.alit.2018.10.004
http://dx.doi.org/10.1371/journal.pone.0116417
http://dx.doi.org/10.1016/j.jaci.2018.02.004
http://dx.doi.org/10.1111/cea.12323
http://dx.doi.org/10.3945/ajcn.111.032623
http://dx.doi.org/10.1183/23120541.00032-2019
http://dx.doi.org/10.1016/S2213-2600(17)30125-X
http://dx.doi.org/10.1007/s40273-017-0571-8
http://www.ncbi.nlm.nih.gov/pubmed/28933002
http://dx.doi.org/10.1016/j.phrs.2019.104296
http://www.ncbi.nlm.nih.gov/pubmed/31173886


J. Clin. Med. 2020, 9, 706 19 of 19

129. Demeyer, H.; Burtin, C.; Hornikx, M.; Camillo, C.A.; Van Remoortel, H.; Langer, D.; Janssens, W.; Troosters, T.
The minimal important difference in physical activity in patients with COPD. PLoS ONE 2016, 11, e0154587.
[CrossRef] [PubMed]

130. King, A.C.; Blair, S.N.; Bild, D.E.; Dishman, R.K.; Dubbert, P.M.; Marcus, B.H.; Oldridge, N.B.;
Paffenbarger, R.S., Jr.; Powell, K.E.; Yeager, K.K. Determinants of physical activity and interventions
in adults. Med. Sci. Sports Exerc. 1992, 24, S221–S236. [CrossRef] [PubMed]

131. Freitas, P.D.; Xavier, R.F.; Passos, N.F.P.; Carvalho-Pinto, R.M.; Cukier, A.; Martins, M.A.; Cavalheri, V.;
Hill, K.; Stelmach, R.; Carvalho, C.R.F. Effects of a behaviour change intervention aimed at increasing
physical activity on clinical control of adults with asthma: Study protocol for a randomised controlled trial.
BMC Sports Sci. Med. Rehabil. 2019, 11, 16. [CrossRef] [PubMed]

132. Scichilone, N.; Benfante, A.; Bocchino, M.; Braido, F.; Paggiaro, P.; Papi, A.; Santus, P.; Sanduzzi, A.
Which factors affect the choice of the inhaler in chronic obstructive respiratory diseases? Pulm. Pharmacol. Ther.
2015, 31, 63–67. [CrossRef]

133. Mancuso, C.A.; Choi, T.N.; Westermann, H.; Wenderoth, S.; Hollenberg, J.P.; Wells, M.T.; Isen, A.M.; Jobe, J.B.;
Allegrante, J.P.; Charlson, M.E. Increasing physical activity in patients with asthma through positive affect
and self-affirmation: A randomized trial. Arch. Intern. Med. 2012, 172, 337–343. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1371/journal.pone.0154587
http://www.ncbi.nlm.nih.gov/pubmed/27124297
http://dx.doi.org/10.1249/00005768-199206001-00005
http://www.ncbi.nlm.nih.gov/pubmed/1625548
http://dx.doi.org/10.1186/s13102-019-0128-6
http://www.ncbi.nlm.nih.gov/pubmed/31428433
http://dx.doi.org/10.1016/j.pupt.2015.02.006
http://dx.doi.org/10.1001/archinternmed.2011.1316
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Physical Activity Nomenclature and Recommendations 
	Physical Activity in Asthma 
	Causes for Low Physical Activity in Asthma 
	The Effect of Physical Activity in Asthma 
	The Effect of Exercise Training in Asthma 
	Additional Mechanisms of Benefit 
	Interventions Targeting Physical Activity in Asthma 
	Combined Exercise Training and Diet/Weight Loss Interventions 
	Pharmacological Interventions 
	Behavioral Interventions 

	Conclusions 
	References

