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A. GENERAL PART 

(LITERATURE REVIEW) 



 

 

 

 

1. INTRODUCTION 
 

Asthma is the commonest respiratory disease and one of unceasingly 

increasing prevalence and burden. As such, asthma has attracted a major share of 

scientific interest and clinical attention. For the various clinical and 

pathophysiological aspects of asthma having been extensively investigated, the 

specific association between asthma and physical activity in daily life remains 

underappreciated and insufficiently explored. Asthma impacts adversely on physical 

activity; likewise, poor physical activity may lead to worse asthma outcomes. This 

concise literature 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 physical activity in daily life 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 

 

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 [1]. 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. 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 [2], and is becoming of increasing research and clinical 

interest. Definite evidence confirms that physical activity confers a dose-dependent 

benefit for all-cause mortality, cardiovascular disease mortality, incident 

hypertension, incident type 2 diabetes, incident site-specific cancers, mental health 

(anxiety and depression), cognitive health, sleep and obesity [3-5], but also for health-

related quality of life in both health [6, 7] and disease [9,10], across all ages [8]. 

 

Physical activity can be described by dimensions of intensity, frequency, 

duration, mode and context. For the purpose of improving health outcomes, the 

intensity, frequency and duration of physical activity must be collectively considered 

[9].  Intensity refers to the rate at which work is being performed or the magnitude 

of the effort required to perform an activity or exercise and it can be expressed either 

in absolute or relative terms [10]. For aerobic physical activity, measured or 

estimated measures of absolute intensity include caloric expenditure 

(kilocalories(kcal)·min−1), absolute oxygen uptake (ml·min−1), metabolic equivalents, 

or physiological response to the intensity (e.g., heart rate). For resistance activity, 
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intensity is frequently expressed as the amount of weight lifted or moved. These 

absolute measures can result in misclassification of the intensity of physical activity 

(e.g., moderate, vigorous) because they do not consider individual factors such as 

age, body weight, sex, and fitness level accounting for the physiological capacity of 

the individual [7]. The misclassification error is greater when using estimated rather 

than directly measured absolute energy expenditure, and under free-living compared 

with laboratory conditions, especially for older and deconditioned persons [11]. 

 

Relative intensity takes into account or adjusts to an individual’s maximal 

exercise capacity. For aerobic physical activity, relative intensity is expressed as a 

percentage of maximal oxygen uptake (V˙O2max) or V˙O2max reserve, a percentage of 

an individual’s measured or estimated maximum heart rate, or heart rate reserve. It 

also can be expressed as an index of how hard an individual feels during performing 

a certain physical activity (e.g., on a 0–10 scale) [10]. 

 

Most epidemiologic and several laboratory studies on physical activity classify 

the intensity of physical activity using estimates of absolute energy expenditure in 

terms of metabolic equivalents (METs). The MET concept represents a simple, 

practical, and easily understood procedure for expressing the energy expenditure of 

physical activities as a multiple of the resting metabolic rate. One metabolic 

equivalent is defined as the amount of oxygen consumed while sitting at rest, 

assumed to be equal to 3.5 ml O2.kg−1.min−1, which corresponds to an energy 

expenditure of 1 kcal.kg−1.hour−1. The energy cost of an activity in METs can be 

therefore determined by dividing the relative oxygen cost of the activity (ml 

O2.kg−1.min−1) by 3.5 [12]. Physical activity may then be classified by its intensity, 
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using the MET value as a reference. For people of all ages weighing ∼68-91 kg, 

physical activity is considered sedentary when requiring <1.5 METs, light when 

requiring 1.5-2.9 METs, moderate when requiring 3-5.9 METs and vigorous when 

requiring ≥6 METs [3, 11]. Table 1 presents the MET equivalents of common physical 

activities classified as light, moderate or vigorous intensity; for a comprehensive 

listing of MET values see tabulation by Ainsworth and colleagues [13]. The volume 

of physical activity can be expressed in METs per the duration that the activity was 

performed (e.g., in minutes), by the MET minute (MET·min) index. The MET·min 

index therefore quantifies the rate of energy expenditure for the duration an activity 

is performed, standardized for body size and resting metabolism. 

 

 

 

Table 1: MET equivalents of common physical activities classified as light, moderate 
or vigorous intensity (Adapted from [14]). 
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Despite the widespread acceptance that the MET concept has gained, it comes 

with limitations inherent in its assumption which may result in misclassification of 

the intensity of physical activity. For example, the accepted 1-MET value of 3.5 ml 

O2.kg−1.min−1 overestimated the actual resting V˙O2 by 35% and the 1-MET value of 

1 kcal.kg−1.hour−1 overestimated the resting energy expenditure by 20%, unless 

corrected for the measured or predicted resting metabolic rate (a product of the 

body composition, body mass index, age and gender) [15]. Furthermore, older adults 

have been shown to have 1-MET values 31% lower than 3.5 ml O2.kg−1.min−1 [16].  

This means, for example, that an older person working at 6 METs may be exercising 

at a vigorous to maximal intensity, while a younger person working at the same 

absolute intensity will be exercising moderately [11]. Accordingly, age-specific MET 

thresholds have been proposed for the assessment of mortality risk [17]. Also, 

higher thresholds for moderate (4.9 METs) and vigorous (6.8 METs) physical activity 

have been reported to have improved specificity compared to the currently 

recommended thresholds [18].  

 



 

 

 

 

3. PHYSICAL ACTIVITY: RECOMMENDATIONS 
 

In order to improve cardiorespiratory and muscular fitness and gain benefit in 

all-cause and cardiovascular disease mortality, incident cancer and diabetes and 

mental health the World Health Organization (WHO) advices that adults should 

engage in at least 150-300 minutes of moderate-intensity aerobic physical activity 

throughout the week or do at least 75-150 minutes of vigorous-intensity aerobic 

physical activity throughout the week or an equivalent combination of moderate-and 

vigorous-intensity activity (MVPA; ≥3 METs) [3]. Preferably, aerobic activity should 

be spread evenly over 4 to 5 days a week, or every day. When combining moderate 

and vigorous intensity activity to meet the current recommendation, the minimum 

goal should be in the range of 600 to 1,200 MET·min per week (average 100 to 120 

MET·min per day). These values are calculated by assigning an average of 4 METs 

to 150-300 minutes spent in moderate intensity per week (4 × 150 = 600 and 4 × 300 

= 1,200). The same values are calculated by assigning an average of 8 METs to 75-

150 minutes spent in vigorous activities (8 × 75 = 600 and 8 × 150 = 1,200) [19]. 

These recommendations are relevant to all healthy adults aged 18 and older 

(including aged 65 and older), regardless of gender, race, cultural background or 

socioeconomic status and are relevant for people of all abilities. They also apply to 

individuals with chronic noncommunicable medical conditions not related to 

mobility, including asthma and are reproduced in several national guidelines [11, 20-

22]. 

 

The WHO guidelines also advise adults to perform muscle-strengthening 

activities at moderate or greater intensity that involve all major muscle groups on 2 

or more days a week, as these provide additional health benefits [3]. In older adults 
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(65 years and above), physical activity also helps prevent falls and falls-related 

injuries and declines in bone health and functional ability. Therefore, as part of their 

weekly physical activity, older adults should do varied multicomponent physical 

activity that emphasizes functional balance and strength training at moderate or 

greater intensity on 3 or more days a week [3].  

 

The above recommendations refer to the minimal required amount of activity in 

order to achieve substantial benefits over and above the routine light-intensity 

activities of daily living. For additional health benefits, adults should increase their 

moderate-intensity aerobic physical activity to >300 minutes per week or engage in 

>150 minutes of vigorous-intensity aerobic physical activity per week, or an 

equivalent combination of MVPA [3]. Any increase in duration or frequency of MVPA 

associated with a progressively lower risk of all-cause mortality [4, 23, 24] but strong 

evidence suggests that total physical activity needs to be several times higher than 

the recommended minimum level of 600 MET·min per week to achieve significant 

health benefits such as reducing the risk of breast cancer, colon cancer, diabetes, 

ischemic heart disease, and ischemic stroke events [25]. Interestingly, most health 

gains were shown to occur at relatively lower levels of activity (up to 3,000–4,000 

MET·min per week), with diminishing returns at higher levels of activity [25]. 

 

In a United States (U.S) national cohort study of 403,681 adults, both the 

recommended levels of moderate physical activity (MPA) and vigorous physical 

activity (VPA) showed similar associations for all-cause mortality and 

cardiovascular disease but VPA showed a stronger inverse association with cancer 

mortality compared with MPA [26]. Also, among participants performing any MVPA, 
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a higher proportion of VPA to total physical activity was associated with lower all-

cause mortality. The inverse association between proportion of VPA to total physical 

activity and all-cause mortality was consistent across sociodemographic 

characteristics, lifestyle risk factors, and chronic conditions at baseline [26], 

showing that VPA is an indispensable aspect of PADL. 

 

Previous guidelines advised that only activities performed in bouts of 10 minutes 

or more (not interrupted for more than 1 min) could be counted towards the 

recommended goals [27]. However, few activities in contemporary life are 

conducted routinely at a moderate intensity for at least 10 minutes in duration 

without interruptions. Furthermore, updated evidence from population studies 

shows that physical activity of any bout duration is associated in a dose-dependent 

fashion with improved health outcomes, including reduction in all-cause mortality 

[23, 28, 29]. In plain words, it is now widely accepted that there is no minimum 

amount of physical activity required to achieve health benefits; physical activity of 

any bout duration, accumulated over the day and week will also provide benefits. 

Specific targets below the recommended levels can be effective as a behavioral goal 

for people starting from low levels of activity (including disabled adults and those 

with long-term conditions), and as a step on the journey towards meeting the 

recommended levels [21]. 
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Figure 1: Dose-response curve of physical activity and health benefits (From [21]).  

 

The baseline number of steps per day in general populations varies across 

studies but the typical amount is about 5,000 steps a day, although this may actually 

be too high for some older adults and/or special populations [20, 30]. For estimating 

step count over a day, all types of activities during the day may be counted such as 

taking stairs, doing errands by walking, or breaking up sedentary behavior by 

standing and moving during the work day [20].  

 

Classification of physical activity by steps has been suggested [31] (Figure 2) 

but there are currently no evidence-based public health guidelines for the daily step 

count. Although the goal of 10,000 steps per day is widely promoted as being 

optimal for general health, it is not based on evidence, but instead originates from 

an old marketing campaign in Japan [32]. Expert committees from the WHO 2020 

Physical Activity Guidelines and US 2018 Physical Activity Guidelines identified a gap 

in research on the dose–response association between volume and intensity of 

physical activity and health outcomes, including physical activity measured by step 

volume and rate. However, recent robust evidence from the largest meta-analysis of 
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15 studies (sample 47,471 adults) showed that taking more steps per day was 

associated with a progressively lower risk of all-cause mortality, up to a level that 

varied by age [5]. Specifically, taking more steps per day was associated with 

progressively lower mortality risk, with the risk plateauing for older adults (aged ≥60 

years) at approximately 6,000–8,000 steps per day and for younger adults (aged <60 

years) at approximately 8,000–10,000 steps per day [5]. Therefore, mortality 

benefits, particularly for older adults, can occur at levels less than the popular 

reference value of 10,000 steps per day. 

 
 

The curvilinear association between steps per day and all-cause mortality 

(Figure 3) and the 50–60% lower risk in the higher steps per day quartiles than in the 

lowest steps per day quartile is similar to the association and risks observed for time 

spent doing MVPA and mortality, and study-level publications on steps and mortality  

[5]. The steep early slope of the dose–response curve suggests that increasing 

steps might be beneficial in terms of reducing risk of mortality, particularly among 

individuals who have lower step volumes. Eventually, a plateau in risk reduction is 

observed at higher step count, which varies by age group [5]. Notably, it is estimated 

that 80 percent of daily steps among less active people are light intensity [20] but 

evidence remains inconclusive when determining if step intensity has additional 

mortality benefits beyond that associated with total steps [5]. 
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Figure 3: Step-defined activity lifestyle index for adults. MVPA, moderate-to-vigorous 
physical activity (From [31]). 
 
 

 

 

Figure 3: Dose-response association between steps per day and all-cause mortality, 
by age group. Thick lines indicate hazard ratio estimates, with shaded areas showing 
95% CIs. Reference set at the median of the medians in the lowest quartile group 
(age ≥60 years = 3000 steps per day and <60 years = 5000 steps per day). Model is 
adjusted for age, accelerometer wear time, race and ethnicity (if applicable), sex (if 
applicable), education or income, body-mass index, and study-specific variables for 
lifestyle, chronic conditions or risk factors, and general health status. (From [5]) 
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Translated to daily step count, the minimum recommended daily amount of 30 

minutes of MVPA, accumulated in addition to habitual daily activities (collectively 

taken in the course of free-living and not necessarily of at least moderate intensity), 

was estimated to correspond to 7,000-8,000 daily steps in younger adults and to 

7,000-10,000 daily steps in older (>65 years of age) adults [21, 30, 33] (Figure 4). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Steps/day scale schematic 
linked to time spent in moderate-to- 
vigorous physical activity (From [33]). 
 

 



 

 

 

 

Physical activity should not be considered interchangeably with exercise. 

Exercise is a subcategory of physical activity that is planned, structured, and 

repetitive with a final or an intermediate objective the improvement or maintenance 

of one or more components of physical fitness [1]. 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 [34]. 

However, maximal exercise performance assessed by standardized exercise 

protocols does not correlate sufficiently with PADL in patient populations [35, 36]. 

Functional exercise capacity as assessed by walking tests also does not always 

identify with PADL. Self-paced 6-minute walk test, for example, assesses the 

submaximal level of functional capacity and because most activities of daily living 

are performed at submaximal levels of exertion, the 6-minute walk distance (6MWD) 

has been thought to reflect PADL [37]. However, several reports fail to confirm a 

sufficient correlation between PADL and functional exercise capacity [38, 39]. 

 



 

 

 

 

4. MEASURING PHYSICAL ACTIVITY 

 

Physical activity is a complex behavior and challenging to measure. Several 

methods exist to measure physical activity including behavioral observations, 

questionnaires, diaries, motion sensors such as pedometers (measuring number of 

steps over a given time), accelerometers (measuring both the number of steps and 

intensity of movement over a given time) and heart rate monitors as well as more 

laborious and expensive methods such the calorimetry and the doubly labeled water 

method [40]. 

The most cost-effective and convenient method of measurement of all types of 

physical activity in clinical and research practice is the administration of self-report 

questionnaires. Questionnaires can therefore be used in large-sample/population-

based studies. Questionnaires can cover long time frames and are thus also useful 

in longitudinal studies; however, the bigger the time frame the larger the recall bias 

it introduces. Due to the complex and subjective information collected, 

questionnaires may also over- or under-estimate participants’ physical activity [41, 

42]. Also, older adults are more likely to engage in light- to moderate-intensity 

physical activity, which is the most difficult type of activity to be assessed by 

questionnaires [43]. Finally physical activity questionnaires are applicable to the 

specific clinical and medical conditions for which they have been designed and 

validated for, including the target population, sample size, age group, recall period, 

dimension and intensity of physical activity. Therefore, results from studies aimed 

at evaluating the validity of questionnaires  assessed in a certain population cannot 

be systematically extrapolated to different populations, ethnic groups, geographical 

regions, or different dimensions of physical activity [44]. 
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In the modern era, accelerometers provide ecologically valid and objective 

measures of everyday physical activity in a free-living environment. Accelerometers 

are wearable monitor devices that measure multiaxial (vertical, horizontal and 

perpendicular) 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) per unit of time (most commonly, 

minutes). The activity counts are then converted by device-specific algorithms into 

kilocalories and/or METs. Furthermore, the amount of physical 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 [45]. Methods to estimate these variables from raw 

acceleration signals (gravity units) instead of activity counts have also been 

developed [45]. 

 

Accelerometers also have limitations. In order to make the data comparable 

across types of accelerometers or types of physical activity measurement, each 

accelerometer model has its own algorithm to convert accelerometer counts into 

kilocalories and/or METs. This may lead to different output values depending on the 

model used so that one cannot directly compare data from different models [40]. 

Depending on the attachment site, single accelerometers are not able to detect all 

body movements (e.g., upper/lower body or stationary movement) or capture the 

context in which the measured activities take place (e.g., leisure time or work). 

Accelerometers require a logistically more complex administration than 

questionnaires and are battery-dependent. Repeated administration of 
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accelerometers is therefore required in order to assess seasonal or other kinds of 

variation in physical activity and their use is impractical in large-sample or long-term 

studies. Finally, accelerometers may misclassify an individual’s physical activity 

profile because most are not waterproof and must be removed during aquatic 

activities [40]. 

 



 

 

 

 

5. PHYSICAL ACTIVITY IN DAILY LIFE IN ASTHMA. 

 

Population-based evidence collectively suggests that individuals with asthma 

are less likely to engage in regular 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 [46-50]. 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 [51]. 

 

The first ever data on PADL in adults with asthma, derived from objective 

accelerometer measurements were published only in 2013 [52]. A subsequent, meta-

analysis of 7 studies published by 2017 (asthma sample = 526) reporting on 

accelerometer-counted daily steps revealed a mean of 8,390 daily steps (95% CI 

7,361–9,419) among steps patients with mild, moderate or severe asthma [51]. The 

latter suggests that patients with asthma fall into the “somewhat active” category of 

a step-defined ladder of physical activity [31, 53]. However, this estimate may be 

over-optimistic for specific subgroups in the asthma population which are both 

under-represented and at risk for lower physical activity, such as those with severe 

asthma (see below) or obesity and the elderly [51]. Importantly, patients with asthma 

often fail to reach the thresholds of 8,000–10,000 steps per day for people aged <60 

years, or 6,000–8,000 steps per day for people aged ≥60 years for reduction in risk 

of all-cause mortality [5]. In four studies that compared the volume and/or intensity 

of PADL (including time in MVPA, METs count and energy expenditure) using activity 
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monitors, people with asthma tend to accumulate less physical activity than healthy 

controls [51]. 

 

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 [54, 55]. 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 [55]. 

Patients with severe asthma experience a heavy burden of symptoms, increased rate 

of frightening or unpredictable exacerbations, hospitalizations, and medication side-

effects, which interfere with day-to-day living [54, 56]. Severe asthma often affects 

physical activity, interferes with family, social and working life, limits career choices 

and vacation options, affects sleep, emotional and mental health [56, 57], leading to 

poor quality of life (QOL) and impaired lifestyle as compared with patients with well-

controlled disease [56]. 

 

Studies in severe asthma are consistent in that patients with severe asthma 

present with considerably low levels of physical activity. Cordova‐Rivera and 

colleagues [58] reported as low as 5362 (median 3999–7817) daily steps and 21.9 

(12.8–37.9) minutes of MVPA per day in 61 patients with severe asthma. Compared 

with controls, individuals with severe asthma accumulated 31.4% (2232) less steps 

per day and engaged in 47.5% less time per day in MVPA (p < 0.001 for both). Time 
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spent in MVPA has been positively associated with disease control  [51, 59] and a 

25-minute increase in MVPA was associated with a clinically significant 

improvement in Asthma Control Questionnaire score of 0.52 units [51] 

 

More recently, Neale et al. [59] reported on significantly lower levels of physical 

activity in 43 adults with severe asthma compared to 48 healthy controls including 

daily step count (5,183 ± 2,935 versus 7,755 ± 3,383), time spent doing ≥10 min bouts 

of MVPA (12 ± 21 versus 36 ± 38) and total time in MVPA (44 ± 46 versus 91 ± 80). 

After adjusting for body mass index (BMI) and wear-time, adults with severe asthma 

completed fewer steps and spent less time spent doing sustained (≥10 min bouts) 

MVPA, but the difference in total MVPA became non-significant. Daily steps were 

positively associated with disease-specific HRQoL as measured with EuroQol 

questionnaire, Asthma Quality of Life Questionnaire (AQLQ), and Chronic Respiratory 

Questionnaire (CRQ), after adjusting for wear-time, age, forced expiratory volume in 

1 second (FEV1) and BMI. Time spent doing ≥10 min bouts of MVPA and total MVPA 

were also positively associated with AQLQ and CRQ scores [59].  

 

Bahmer et al. [60] reported 6,174 (4,822–9,277) 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. In a cohort of 23 patients with severe 

asthma studied by Hennegrave at al. [61], daily steps were 6,560 ± 3,915, daily time 

in MVPA 120 ± 54 but did not differ significantly from patients with mild-to-moderate 

asthma. Finally, another cohort of 62 patients with severe asthma presented with 
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5,385 (3,941–7,844) daily step count and 22.3 (13.3–35) minutes in MVPA [62]. A 

summary of the available evidence on PADL in patients with severe asthma is 

provided in Special Part II, Table 6 (page 92). 

 

Data on sedentary time in severe asthma are scarce [51]. In cross-sectional 

studies examining sedentary time with activity monitors, engagement in sedentary 

behavior was similar between severe asthmatics and controls but both groups were 

sedentary [58, 59]; stationary time was not associated with HRQoL [59]. 

 



 

 

 

 

6. CAUSES OF LOW DAILY PHYSICAL ACTIVITY IN ASTHMA. 

 

Compared to healthy controls, young asthmatic patients were found to have 

similar maximum heart rate but reduced V˙O2max, anaerobic threshold and oxygen 

pulse, suggesting suboptimal fitness [63]. However, reduced fitness in asthmatic 

patients could not be attributed directly due to airflow obstruction. Lung function 

(FEV1) in asthmatics did not correlate with V˙O2max, anaerobic threshold, or oxygen 

pulse either before or after bronchodilator, and asthmaticς had sufficient ventilatory 

reserve to allow toleration of exercise workload adequate to enhance cardiovascular 

fitness [63]. Accordingly, nebulized bronchodilator therapy with salbutamol before 

exercise, albeit convincingly improved FEV1, had little effect on cardiorespiratory 

responses such as maximal workload, oxygen uptake, heart rate, and ventilation 

during progressive maximal exercise in patients with mild asthma [64]. Also, 

although salbutamol administration increased tidal volume at maximal exercise, it 

did not change the perception of exertional breathlessness in asthmatic subjects 

[64]. 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 [65]. 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. 

[65]. 

 

Direct evidence on the association between lung function and PADL in asthma 

remains limited and inconclusive. Weak but significant associations between 
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physical activity and lung function in general asthma populations have been reported 

by several cross-sectional studies, as summarized elsewhere [51]. Notably, most of 

these studies evaluated PADL with questionnaires and activity diaries rather than 

with objective activity monitors [51]. In a study by van’t Hul et al. [66], there were no 

correlations between accelerometer-derived parameters of PADL and spirometric 

measures. In another study by Hennegrave et al.  [61], although FEV1 correlated with 

daily steps (r = 0.41), it was not independently retained in multivariable linear 

regression analysis for daily steps. Bahmer at al. [60] also did not detect 

associations between gold-standard airflow limitation measured by FEV1 and peak 

expiratory flow rate (PEFR) and daily steps in severe asthmatics. However, daily 

steps were associated with impulse oscillometric airway resistance and small 

airway dysfunction [60]. This is important because peripheral airway involvement is 

highly relevant to the pathophysiology of asthma and it might indicate that impulse 

oscillometric assessment in a tidal breathing maneuver might enhance our 

understanding of the consequences of the disease for everyday life, irrespective of 

the current concept of disease severity in asthma [60]. 

 

Physical activity per se is a potent stimulus for asthma symptoms and vigorous 

physical activity is particularly associated with more asthma symptoms [67-69]. 

Emerging or worsening asthma symptoms during exercise may result in reduced 

exercise tolerance whereas, fear of experiencing such symptoms may lead many 

people with asthma to intuitively, or preemptively avoid physical activity. Asthma is 

associated with adverse, 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 
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of the airways during or immediately after cessation of exercise, or strenuous 

physical activity [70]. 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 dyspnea, chest tightness, wheezing, 

or cough and may result in exercise avoidance. EIB may also occur less frequently 

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 be 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 [70]. 

 

The status of clinical asthma control is another determinant of physical activity 

in asthmatic patients. In national representative studies in the United Kingdom [71] 

and the U.S [72] in patients with moderate-to-severe asthma, those with uncontrolled 

asthma were at higher risk for limitations in overall physical activity, outdoors 

activity and daily activity compared with patients with controlled asthma. Elsewhere, 

parameters of PADL (daily step count, and time in vigorous activity, physical activity 

level (PAL)) decreased with loss of asthma control [66, 73].  

 

Further research is needed on the effect of asthma severity on PADL. In  a small 

study by Bruno et al. [74], 12 patients with untreated intermittent asthma had lower 

daily moving time, step count, active energy expenditure (EE) and METs compared 

to 12 patients with moderate treated asthma.  However, Hennegrave et al [61], did 

not find significant differences between 23 patients with severe asthma and 28 
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matched patients with mild/moderate asthma in terms of daily steps (6,560 ± 3,915 

vs 8,546 ± 3,431), time spent in MVPA (120 ± 54 vs 121 ± 32 min/day), EE in MVPA 

(620 ± 360 vs 660 ± 140 kcal/day), or total EE (2,606 ± 570 vs 2,666 ± 551 kcal/day); 

and PADL was not influenced by asthma control per se. However, it is possible that 

the underpowered nature of the study accounts for some of these findings [61]. 

 

Demographic factors may account for low activity in asthmatic patients. The 

impact of obesity and the aging on physical activity should be considered for the 

large populations of obese [75] and elderly [76] 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 [75]. Also, the decrease in activity tends to be more pronounced, or 

even exclusive, in older people with asthma than their younger counterparts [51]. 

Plausible biological decline in lung and systemic function, chronicity of asthma and 

airway inflammation, chronic smoking, accumulating comorbidities as well as older 

beliefs on physical activity and asthma, may all synergistically render older 

asthmatics less active. Aging and asthma duration also increase the risk of severe 

asthma [77].  Finally, physical activity in asthma seems to be influenced by sex with 

several studies reporting lower physical activity in females with asthma compared 

to males [51]. This observation follows the trend in physical activity in the general 

population but may also reflect the fact that female asthmatics are more likely to 

have severe asthma than males [78, 79]. 

 

Frequent comorbidities in asthma including allergic dermatitis, chronic 

rhinosinusitis, arthritis, gastroesophageal reflux disease, diabetes and 
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hypercholesterolemia have also been associated with activity limitation in large-

scale studies [72]. Also, co-diagnosis of chronic obstructive pulmonary disease 

(COPD), coronary artery disease, diabetes and depression associated with asthma-

related hospitalizations and emergency department visits in asthmatics older than 

65 years [80]. Psychological distress, anxiety or depression and decreased feelings 

of control which are common in asthma patients, are significantly associated with 

physical health status and activity [81, 82] [72]. 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 and self-conceptions, 

lifestyle aspects, health behaviors as well as illness cognition, perception and 

response including adherence to medication and avoidance of triggers [83]. 

Accordingly, some atypical causes of exertional dyspnea are more common in 

asthma, including psychogenic hyperventilation [84] dysfunctional breathing [85] 

and vocal cord dysfunction [86]. Vocal cord dysfunction is in fact recognized to be 

present in up to half of patients with severe asthma [82]. 

 

Studies show that approximately 20% of asthmatics currently smoke, a 

prevalence comparable to that found in the general population. Cigarette smoking 

in asthma patients is associated with several factors that would be expected to 

result in lower levels of physical inactivity including worse asthma control and 

severe symptoms, poorer lung function and accelerated lung function decline, worse 

asthma-related quality of life, increased healthcare use and costs (unscheduled 

doctor visits and frequent hospital admissions) and higher rate of exacerbations 

requiring systemic corticosteroids [87, 88]. 
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Eventually, multifactorial restriction of physical activity may lead to the 

establishment of a vicious circle of physical inactivity, deconditioning, asthma 

symptoms and obesity among patients with asthma across all ages [89-91]. Obesity 

has been identified as a risk factor for childhood asthma and wheeze, especially in 

girls [92] and gain in BMI predisposes to new asthma diagnosis in female young 

adults [93]. Obesity has also been shown to be more common among asthmatics 

than non-asthmatics and extremely common in patients with severe asthma, 

whereas asthma is more common in obese than lean subjects [94, 95]. Obesity and 

asthma are therefore considered associated diseases and obesity-related asthma is 

considered a distinct asthma phenotype with more prominent respiratory 

symptoms, reduced responsiveness to inhaled corticosteroids, worsened asthma 

severity, more frequent exacerbations and health care use, and generally, more 

difficult to control [54, 96-99]. This may be due to different type of airway 

inflammation, low-grade systemic inflammation due to adiposity, contributory 

comorbidities such as obstructive sleep apnea and gastroesophageal reflux 

disease, lack of fitness or mechanical factors (e.g. reduction in lung volume due to 

abdominal fat) contributing to dyspnea [54]. Notably, systemic interleukin (IL)-6 

inflammation and clinical features of metabolic dysfunction, which occur most 

commonly in the subset of obese asthma patients, are associated strongly with 

more severe asthma [100].  

 

Obesity has been identified as a risk factor for insufficient physical activity in 

asthma [101]. Conversely, physical activity in asthma has been found to be an 

independent predictor of fat mass, muscle mass, symptom control and disease 
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severity [73, 74] whereas, weight loss by exercise reduced medication needs as well 

as improved lung function, asthma control and asthma-related quality of life [102]. 

Also, asthmatic patients who were both physically inactive and obese had increased 

risk for health care use than active and normal weight patients [103]. Thus, it is 

possible that lower levels of physical activity represent both a cause and 

consequence of obesity as well as a mediator between obesity and worse asthma 

outcomes. 



 

 

 

 

7. THE EFFECT OF PHYSICAL ACTIVITY AND EXERCISE ON ASTHMA. 

 

7.1   CLINICAL EFFECT 

 

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 the cross-sectional design of most of 

the studies and 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 2022 systematic meta-analysis of 4 longitudinal studies with a 

considerable total accrued number of subjects (n = 84,319) and duration (5 to 10 

years) concluded that patients with high-level physical activity had a lower risk of 

developing asthma compared with patient with low-level physical activity (odds ratio 

(OR) = 0.87, 95% credible interval (CrI): 0.78 to 0.95 [104]. A previous systematic 

review of 5 longitudinal studies  (n =  85,117, duration 5 to 11 years) also indicated that 

physical activity is a possible protective factor against development of asthma (OR 

for incident asthma 0.88, 95% CI 0.77 to 1.01) [105]. However, it must be noted that 

these results were not adjusted for potential confounding factors such as age, sex, 

body mass index, smoking status, education, socioeconomic status, and 

comorbidities that could be associated with both low habitual physical activity and 

development of asthma [104, 105]. 
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Large national (n = 18,894 Norwegians adults; duration 11 years) [106] and 

multinational longitudinal studies (n = 3,503 adults from 25 countries in Europe and 

Australia; duration 10 years) [107] that checked for potential confounding factors 

did not find evidence that overall physical activity [106] or vigorous physical activity 

during leisure [107] reduced the risk of asthma developing in adults. A pediatric 

longitudinal study in the Netherlands that checked for confounding factors, also did 

not find an association between accelerometer-measured physical activity and 

development of wheezing or shortness of breath in 347 pre-school children [108].  

 

Nonetheless, robust evidence links physical activity to significant clinical 

outcomes in asthma. A study of 2,818 U.S. women with asthma has shown higher 

levels of regular physical activity to reduce the risk of asthma exacerbations and 

hospital admission, independent of asthma severity and other covariates [109]. 

Conversely, physical inactivity in U.S. and Canadian populations was associated with 

more frequent asthma symptoms, medication use, medical consultations, 

emergency hospital visits, overnight hospital stay and poor sleep quality [88, 103, 

110]. Multiple logistic regression models in a U.S. population-based study (n = 

12,111 with current asthma), identified physical activity as a significant determinant 

of measures of quality of life in asthma such as poor or fair health, number of 

physically unhealthy days, number of mentally unhealthy days, and number of 

activity limitation days [111]. 

 

These robust findings support the recommendation of regular physical activity 

in individuals with asthma. In addition to their known cardiometabolic and other 

health benefits, increasing PADL via low-cost, accessible means (e.g., walking) or 
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pursuing more frequent and longer breaks of sedentary behavior may be disease-

specific beneficial interventions for many individuals with asthma [51, 89]. 



 

 

 

 

8.1 PHYSIOLOGICAL EFFECT 

 

Physical activity and exercise may have protective properties against asthma via 

mechanical stimulation of airway epithelial cells [112]. The latter causes apical release of 

ATP and elevation of intracellular calcium, which increases ciliary beat frequency and 

speeds up mucociliary clearance [113]. Also, deep inspiration and increased sigh rate 

during physical activity are thought to stretch the airway smooth muscles and help 

maintain a normal tone and bronchiole patency [112]. 

 

Longitudinal studies provide evidence for a beneficial effect of physical activity 

on lung function of patients with asthma. In a population-based cohort of 1329 

adults with asthma in Norway [114], there was 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 [114]. In another 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 decline (−41.4 ml vs. −58.8 

ml, p < 0.001) and FVC decline (−29.3 ml vs. −43.6 ml, p < 0.018), compared with 

those with low physical activity [115]. Also, the high physical activity group had 

higher FEV1 values at follow-up, and higher FEV1/FVC ratios at diagnosis and follow-

up [115]. 

 



 

 

 

 

8.1 BIOLOGICAL EFFECT 

 

Physical activity and exercise impact on immune and metabolomic pathways in 

asthma. Airway inflammation is a principal feature of asthma that is associated with 

increased disease severity and increased risk of exacerbation, whereas exercise has 

systemic and airway anti-inflammatory effects [58, 116-118]. Animal and human 

studies in asthma have identified several exercise-induced anti-inflammatory 

molecular effects including reduction in serum T helper 2 proinflammatory cytokines 

(IL-4–6 and IL-13–16), monocyte chemoattractant protein 1 and keratinocyte 

chemoattractant protein (murine homologue to human IL-8), inhibition of nuclear 

factor kappa B activation, as well as increases in circulating regulatory T cells and 

anti-inflammatory factors including IL-10, interferon-gamma and IL‐1 receptor 

antagonist [119-127]. 

 

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 reduction in eosinophil count in bronchoalveolar lavage 

fluid, airway walls and sputum, as well as reduction in peribronchial inflammatory 

cell count, mucus synthesis, smooth muscle thickness, airway resistance and 

elastance [122-124, 128, 129]. Although not a constant finding among asthmatic 

patients, exercise may also reduce the airway inflammation as measured by exhaled 

nitric oxide (FeNO) as well as the nasal inflammation as measured by eosinophilic 

cell count resulting in sustainable improvements in allergic symptoms [119, 129-

131]. 
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Physical activity and exercise are also beneficial for reducing C-reactive protein 

(CRP) in asthmatic individuals [132]. CRP is a systemic inflammatory marker; in 

absence of any other systemic inflammatory disease, reduction in CRP could 

presumably be due only to a reduction in airway inflammation [132]. In patients with 

severe asthma, increased PADL was associated with lower systemic inflammation 

(for every increase of 1,000 steps per day, high sensitivity-CRP was reduced by 13%) 

after adjustment for confounders, albeit no associations were found with measures 

of eosinophilic airway inflammation [58]. 

 

Metabolomics is the study of the metabolite composition (ie, the metabolome) 

of a cell type, tissue, organ, or organism. The metabolome is the collection of 

endogenous small molecules that mark specific fingerprints of cellular 

biochemistry. Metabolomics measures global sets of low-molecular-weight 

metabolites (including amino acids, organic acids, sugars, fatty acids, lipids, 

steroids, small peptides, and vitamins), providing a snapshot of relevant biological 

processes. It provides a readout of metabolic activity status in relation to genetic 

variations, gene expression, or external stimuli. Such external stimuli include 

infections and allergens, in which a specific metabolomic profile marks interaction 

between the environmental agent and the host molecules (i.e., gene-environment 

interactions; DNA, RNA, proteins, lipids, and other enzymes). Metabolites, in addition 

to being produced directly by the host organism, can be derived by host microbiota, 

as well as transformed from xenobiotic, dietary, and other exogenous sources [133]. 

Several individual metabolites and metabolomic profiles measured in exhaled 

breath condensate, urine, plasma, and serum could identify people with asthma and 

asthma phenotypes with high discriminatory ability [134]. 
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Most of the literature to date concludes that varying degrees of physical activity 

or exercise induce, or are associated with, quantifiable alterations in the 

metabolome mainly in fatty acid metabolism, mobilization and lipolysis, the 

tricarboxylic acid cycle, glycolysis, amino acid metabolism, carnitine metabolism, 

purine metabolism, cholesterol metabolism and insulin sensitivity among others 

[135]. The evidence points to a multifactorial dose response relationship between 

physical activity/exercise and its effect on the metabolome, incorporating intensity, 

bout length, frequency and time frame of exposure (hours, days, weeks, years) [135]. 

The microbiome profile of cardiorespiratory fit individuals specifically appears to 

favor gut production of butyrate, a short-chain fatty acid (SCFA) and a common 

indicator of gut health, independent of diet [136]. SCFAs have been shown to 

promote dendritic cell hematopoiesis, impair the promotion of Th2 effector cells, 

thus inhibiting allergic inflammation in animals; they also decrease allergic effector 

T cell responses, promote formation of T regulatory cells and reduce nuclear factor 

kappa B activation in macrophages [89]. These findings link physical activity to 

SCFAs and altered innate and adaptive immune responses and may suggest a 

metabolomic link between physical activity and asthma [89]. Physical activity has 

also been shown to reverse the effects of a high fat diet on gut microbiome in animal 

models [137-139].



 

 

 

 

8. INTERVENTIONS TARGETING PHYSICAL ACTIVITY IN ASTHMA 

 

8.1 EXERCISE TRAINING AND PULMONARY REHABILITATION 

 

To date, more than 20 randomized controlled trials (RCT) 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 [119, 140-148]. 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 and 

reduced shortness of breath [141]. The effect of intervention on improving asthma 

control was 23% (risk reduction = 0.23, 95% CI 0.027–0.438) and 30.1% for 

shortness of breath (risk reduction = 0.301, 95% CI 0.109–0.49). Qualitative findings 

of systematic review of the RCTs also suggest that exercise training can improve 

asthma control, lung function, and health care related quality of life [149, 150], with 

only a small minority of studies reporting no improvements in any of these 

outcomes. None of the studies found worsening of asthma control during the 

physical activity interventions. 

 

A systematic review and meta-analysis of 18 RCTs in adult patients (n = 1,073) 

found that exercise training was effective in improving HRQoL and asthma control 

(standard mean difference =−0.80, 95% CrI −1.30 to −0.31), FEV1%predicted 

(weighted mean difference (MD) = 0.47 , 95% CrI 0.03 to 0.90), and V˙O2max (weighted 

MD = 1.18 mL.kg-1.min-1, 95% CrI: 0.87 to 1.48) [104]. A meta-analysis of 17 RCTs 

including 599 children and adult asthmatics, also reported that exercise training led 
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to a significant improvement in days without asthma symptoms (MD 8.90 symptom-

free days, 95 % CI 8.18–9.61) [151]. These findings are promising although they stem 

from relatively small individual cohorts attending structured training sessions at 

well-resourced, designated centers or led by physiotherapists, which are not 

generalizable to many real-world settings [89]. The heterogeneity in the type, 

frequency, and duration of exercise protocols among the studies (including various 

types of land-based exercise methods such as walking, running, jogging, cycling, 

strength training, or a combination of these at both low and high-altitude settings, 

for variable duration between 3 to 24 weeks) reflects the knowledge gap on the 

optimal exercise regime and the absence of relevant guidelines and preclude a 

collective review of the evidence [151]. 

 

From a physiological scope, exercise training may enable weight loss [127] and 

evidently improve cardiopulmonary fitness [9], 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 V˙O2max with land-based 

exercise training (MD 4.92 mL.kg-1.min-1; 95% CI 3.98–5.87; 8 studies, 267 

participants) without significant effects in other measures of pulmonary function 

such as FEV1, FVC, minute ventilation at maximal exercise or PEFR [9]. The 

improvement in cardiopulmonary fitness is important because it may independently 

reduce the risk of dyspnea due to deconditioning and other conditions unrelated to 

airflow limitation that may mistakenly attributed to asthma [9]. This would 

essentially enable a better effort-benefit ratio, leaving more breathing reserves for 

activities of daily life [141]. Also, collective evidence suggests that physical training 

may have positive effects on asthma symptoms and health-related quality of life, 
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with the majority of studies producing a statistically and clinically significant benefit 

[9, 152]. A meta-analysis in children and adult asthmatics also showed that exercise 

training led to a significant improvement in exercise capacity (MD 4.06 mL.kg-1.min-

1, 95 % CI 3.02–5.10 for V˙O2max; MD 24.03 W, 95 % CI 20.15–27.9 for Wmax; 

standardized MD 0.81, 95 % CI 0.13–1.48, for exercise endurance) [151] 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 in lung function, along with changes in BHR, 

contributed significantly to the observed improvement in the quality of life [151]. 

Nonetheless, the magnitude of the effect of exercise training on lung function may 

have been hampered by the limited time frame of these interventions. 

 

Exercise training has been shown to have a beneficial effect in reduction of BHR. 

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 

following exercise training [119]. In that study, patients with higher airway 

inflammation (baseline FeNO ≥ 26 ppb and ≥ 3% sputum eosinophils) and worse 

asthma control also experienced reduction in sputum eosinophils and FeNO [119]. 

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 
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and exercise capacity [151]. Animal studies suggest that aerobic exercise training 

attenuates BHR via a mechanism that involves β2-adrenergic receptors [153]. 

 

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 [154], although some concerns exist about chlorine exposure with 

indoor pools [54]. In a systematic review of 8 studies (n = 262) of children and 

adolescents with asthma, swimming programs have been shown to increase 

cardiopulmonary fitness (mean V˙O2max increase 9.67 mL.kg-1.min-1, 95% CI 5.84–

13.51 (2 studies; n = 32) and improve lung function (FEV1; 0.1 L higher, 95% CI 0–0.2 

(4 studies; n = 113) in a clinically meaningful fashion compared to usual care. [154]. 

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 

[154]. Water-based exercises in adults have been less researched. A Cochrane 

systematic review of 3 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 [155]. 

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 [156]. 
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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 [157, 158]. Decreased air density at altitude also reduces airway 

resistance, which might increase exercise capacity [157]. A RCT found that high- and 

low-altitude-rehabilitation programs with endurance exercise training for 3 weeks 

were similarly highly effective in improving asthma control in patients with poorly 

controlled asthma  —a benefit which was preserved after 3 months [145]. High-

altitude training led to better improvement in PEFR-variability, exercise capacity and 

airway inflammation as assessed by FeNO compared to low-altitude training [145]. 

 

Athletes with asthma represent a distinct 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 [159, 

160]. 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 [161]. The development 

of BHR, EIB and asthma in athletes is thought to be due to the high frequency of 

repeated physical strain and excessive ventilation occurring during training and 

competitions as well as the ensuing overexposure to environmental factors, 

allergens and irritants such as cold and dry air, air pollution and organic chlorine 



 

 48 

compounds. Accordingly, BHR, EIB and asthma are more common in endurance 

sports, particularly winter sports and swimming [159, 162, 163]. 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 to use by 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 in their 

bronchoprotective effect during exercise [159]. 

 

A RCT by Toennesen et al. [147] showed that 2-month high-intensity interval 

training (spinning) combined with high protein/low glycemic index diet improved 

asthma control and asthma-related quality of life in nonobese adults with asthma, 

although these effects were proven non-sustainable at 1-year follow-up [164]. This 

is of interest because dietary habits have been associated with levels of systemic 

inflammation, which is relevant to asthma. Epidemiological evidence suggests that 

a high-fruit and vegetable diet (high in antioxidants) is associated with lower risk of 

asthma and lung function decline [54]. In contrast, a low-fruit/low-vegetable diet (low 

in antioxidants) has been associated with increased circulating CRP and increased 

risk of asthma exacerbations [165]. Consumption of pro-inflammatory foods (e.g., 

saturated and trans fatty acids) was associated with reductions in low-grade 

systemic inflammation (plasma IL-6 concentrations) and FEV1 [166]. This line of 

evidence sets the scientific rationale for further research on multicomponent 
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interventions targeting physical activity, diet and weight management in patients 

with asthma. 

 

Few small RCTs have studied the effect of structured exercise training on PADL. 

In a trial by Coelho et al. [167],  20 patients with moderate-to-severe asthma showed 

a significant increase in daily steps and 6MWD compared to controls (average 

adjusted difference of 2488 steps and 21.9 m, respectively) at 12 weeks of an 

unsupervised pedometer-based exercise programme. However, the differences 

became not significant 24-28 weeks after randomization [167]. Turk et al. [148] 

showed that a 3-month pulmonary rehabilitation program incorporating supervised 

high-intensity interval training, when combined with an internet-based self-

management program increased daily steps by 3097 from baseline in 9 obese 

patients with BMI ≥ 30 kg·m-2 and poorly controlled asthma. In the same study, 14 

patients who attended pulmonary rehabilitation alone (without the internet-based 

self-management program) showed no difference in daily steps and PAL compared 

to control patients who received usual care but they showed 3200 more daily steps 

than the controls after 12 months of follow up [148]. Evaristo et al. [168] also found 

no significant difference in daily steps in 29 patients with moderate-to-severe 

asthma who completed a 12-week supervised aerobic exercise program and 25 

patients who were randomised for breathing exercises. However, both groups 

increased daily step count by approximately 2,000 steps after the interventions. 

Finally, in a trial by Freitas et al. [98], an exercise training program combined with a 

weight loss program improved PADL in 55 grade II obese adults with asthma 

compared to weight loss alone. In this study, exercise training included supervised 

aerobic and resistance exercises twice weekly for 3 months plus recommendations 
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for increasing PADL; the weight loss program included 12 individual hypocaloric diet 

counseling sessions and was supported by behavioral techniques based on the 

transtheoretical model. After 3 months, patients who attended both exercise training 

and a weight loss program group presented a significant increase in daily step 

counts (3,068 ± 2,325 vs 729 ± 1,118 steps), time spent in MVPA (18.2 ± 17.9 vs 7.9 

± 13.8 min/day), time spent in light-intensity physical activity as well as 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 [98].  

 

A random-effects meta-analysis of 3 of the above studies [98, 167, 168], showed 

an overall significant mean difference of 1588 (95% CI 399 to 2778; n = 142) daily 

steps post-intervention between groups in favor of physical activity interventions 

[150]. The magnitude of effect, however, differed by intervention type, ranging from 

small to large (Figure 5) [150]. 

 

 

Figure 5: Meta-analysis of randomized controlled trials examining the effect of 
physical activity interventions versus control on steps per day (post-intervention). 
D1: Bias arising from the randomisation process; D2: Bias due to deviations from the 
intended intervention; D3: Bias due to missing outcome data; D4: Bias in 
measurement of the outcome; D5: Bias in the selection of the reported result (From 
[150]). 
 



 

 

 

 

Based on the available evidence and clinical experience, current guidelines 

recommend exercise as supplementary to medication therapy and support the 

inclusion of individuals with asthma in pulmonary rehabilitation programs [169, 170]. 

However, evidence to date remains insufficient to recommend one form of exercise 

training over another [54]. Preexercise bronchodilators and gradual warm-up are 

indicated to prevent or minimize EIB [54, 169]. 

 

Nonetheless, the long-term effect of exercise interventions on PADL in asthma 

deserves more research and understanding. This important knowledge gap cannot 

be bridged by extrapolations from the acute effect of training on exercise capacity 

and other asthma-specific outcomes. PADL reflects complex behavioral patterns 

that may not be easily reformed by short-term or singular interventions and 

paradigm from patients with COPD suggests that changing physical activity 

behavior needs a long-lasting interdisciplinary approach, bringing together 

respiratory medicine, rehabilitation sciences, social sciences, and behavioral 

sciences and best taken within the frame of pulmonary rehabilitation [171].



 

 

 

 

8.2 PHARMACOLOGICAL INTERVENTIONS 

 

At this time, evidence on the potential effect of available therapies on physical 

activity in asthma is scarce. 

 

Biologic therapies in the form of monoclonal antibodies target specific 

pathways and molecules which are important in the pathogenesis of asthma and are 

increasingly used in patients with severe asthma. In a pilot study of patients with 

severe asthma, Carpagnano et al. [172] investigated and compared the effect of 

biologic therapy (30 patients who received either omalizumab or mepolizumab) 

versus traditional treatment (20 patients) on accelerometer-assessed PADL. At 6 

months of therapy, all subjects improved their daily step count and energy 

expenditure levels but the gain with biologic therapy as a whole was significantly 

greater than with traditional therapy at 1, 3, and 6 months of follow up. Notably, 

patients in the biologic therapy arm almost doubled their daily step count (from 

3,806 ± 421 to 6,545 ± 844 steps) at 6 months [172].  There was no difference in 

outcomes between patients on omalizumab and mepolizumab. These are promising 

findings that leave scope for further research in the relationship between biologic 

therapies and PADL in asthma.



 

 

 

 

8.3 BEHAVIORAL INTERVENTIONS 

 

Increasing engagement in PADL requires lifestyle and behavior modifications 

through targeted interventions [173]. Behavior change interventions aim to increase 

participant’s confidence and self-efficacy to demonstrate the desired behavior 

through education, motivation, action planning and support. Individual behavior 

change techniques include goal setting, behavior contract, monitoring, feedback, 

avoidance strategies, and problem solving/coping planning [174]. In asthma, the 

appropriate choice of the inhaler device based on patient characteristics, inhaler-

technique training and counseling on the importance of adherence to therapy are 

also key elements for successful outcomes [175]. 

 

In a randomized trial of 252 adults with stable, mild-to-moderate asthma, a 

multicomponent protocol of asthma education, self-monitoring with pedometer, 

behavior contract plus additional positive affect and self-affirmation components, 

resulted in clinically important increases in PADL [176]. Energy expenditure 

increased to 4 months and was sustained through closeout at 12 months. These 

gains were achieved without exacerbating asthma, and in most cases asthma 

improved [176]. In another RCT of 51 adults with moderate-to-severe asthma, a 

comprehensive behavior change intervention on top of usual care and disease-

specific education, increased daily step count by 3,605 (1,937 to 8,867) steps and 

produced improvements in asthma clinical control, sedentary time, sleep quality, and 

anxiety symptoms [177]. The behavioral intervention included counseling on 

physical activity combined with a monitoring-and-feedback tool aiming to increase 

physical activity levels and it was delivered over 8 weekly, face-to-face goal-setting 

consultations, each lasting 40 minutes [177]. 
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A conceptual model for the interrelationship between asthma, physical activity 

and targeted interventions is presented in Figure 6. 

 

 

Figure 6: Conceptual model for the interrelationship between asthma, physical 
activity and targeted interventions. EIB: exercise-induced bronchoconstriction; 
HRQoL: health-related quality of life; BHR: bronchial hyperresponsiveness (Adapted 
from [178]).



 

 

 

 

9.   CONCLUSIONS 

The relationship between asthma and physical activity is bidirectional and 

multifaceted. The ultimate goals of contemporary 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 competitive sports. Likewise, higher adherence to physical activity, 

beyond its general health benefits, is emerging as a key factor for favorable 

outcomes in asthma including improved lung function, disease control, exacerbation 

rate, and healthcare use. 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 but evidence shows that PADL in asthma remains low, 

especially in the severe form, and PADL represents a challenging area for 

interventions in that it reflects well-established behavioral patterns. In the modern 

era of patient-centered healthcare, further reversal of this adverse situation to a 

virtuous cycle of enhanced physical activity and improved asthma outcomes 

represents a meaningful and achievable goal. To this goal, further research is 

needed on the interrelationship between physical activity, airway inflammation and 

hyperresponsiveness, lung function and clinical outcomes as well as for the 

identification and clinical implementation of beneficial interventions for PADL in 

asthmatic patients.  
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ABSTRACT 

 

Background: For the various asthma-specific beneficial effects of physical activity, 

physical activity in daily life (PADL) and the potential of asthma therapies on PADL 

require better characterisation. Hence, we aimed to determine a) PADL of asthma 

patients, and b) the effect of add-on mepolizumab on PADL of severe asthma 

patients. 

 

Methods: Adult outpatients with mild-to-moderate or severe asthma had 

accelerometer assessment of PADL. Severe asthma patients who were 

commenced on mepolizumab had their PADL reassessed after 12 months. 

 

Results: For the total cohort (n = 36), daily step count, time in moderate-to-vigorous 

physical activity (MVAP), MVPA volume and Movement Intensity (MI) were 7,806 ± 

3,823 steps, 123 (interquartile range, 63) min, 657 ± 255 MET·min and 1.96 (0.45) 

m/s2, respectively. All patients met at least one recommendation for PADL but less 

than half met recommendations for vigorous PADL. Patients on mepolizumab 

therapy increased daily step count (646 steps; 9%), time in MVPA (20 min; 21%), 

MVPA volume (87 MET·min; 17%) and MI (0.11 m/s2; 6%) for the same amount of 

moving time; lung function, asthma control and health-related quality of life also 

improved. 

 

Conclusion: Analysis of the first national data on PADL in asthma and novel 

comparison against current applicable guidelines and other identified beneficial 

thresholds, showed borderline levels of PADL with room for improvement especially 
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for severe asthma patients. In a non-sedentary cohort of severe asthma patients, 

mepolizumab conferred significant and meaningful improvements in PADL.  

 

ClinicalTrials.gov Identifier: NCT03739320 

 

Keywords: asthma; severe asthma; daily physical activity; step count; moderate-to-

vigorous physical activity (MVPA); vigorous physical activity; movement intensity; 

guidelines; accelerometer; mepolizumab. 



 

 

 

 

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 limitation [54]. With a prevalence of 1-18% in different countries, asthma 

is affecting millions of people across all ages and continues to carry substantial 

morbidity, mortality and socioeconomic burden globally [54, 179, 180].  

 

Following the modern paradigm of other chronic conditions, physical activity is 

becoming of increasing interest in asthma. Increasing insight in the nature of 

asthma and effective management have allowed for a paradigm shift towards active 

lifestyle. Enhancing and achieving normal levels of physical activity in daily life 

(PADL) is increasingly considered an important element for successful management 

and outcomes in asthma. Beyond benefiting all-cause mortality, risk of cancer and 

chronic disease, health-related quality of life (HRQoL) and other important aspects 

of general health, physical activity exerts asthma-specific effects. Consistent 

evidence links higher levels of physical activity with favorable pathophysiological 

and clinical effects in asthma including improved airway inflammation and 

hyperresponsiveness, lung function, asthma control, exacerbation rate, and 

healthcare use [178]. However, evidence also shows that patients with asthma, 

especially the type of severe asthma, often engage in sedentary levels of physical 

activity and at lower levels than controls [51, 58]. This line of evidence sets the 

scientific rationale for further study of the levels and patterns of physical activity in 

asthma but also, effective interventions to promote the physical activity of patients 

with asthma.  
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Biologic therapies are rapidly transforming the management and outcomes of 

patients with severe asthma. Although severe asthma has a low estimated 

prevalence of 3–10% in the total asthma population, it represents the most 

challenging and important type of asthma by disproportionately affecting high on 

morbidity and mortality and accounting for a major share of healthcare utilization 

and cost as well as socioeconomic cost in asthma [54, 55]. In the eosinophilic 

phenotype of severe asthma, mepolizumab, an anti-interleukin(IL)-5 biological 

therapy, reduces asthma exacerbation rates and corticosteroid use and improves 

asthma control and HRQoL [181-183]. However, the potential effect of mepolizumab 

—or other biological therapies— on PADL in patients with severe asthma is 

insufficiently explored. 

 

Therefore, this study aims to determine both a) the levels of PADL in patients 

with mild-to-moderate and severe asthma and cross-reference them with current 

guideline recommendations and b) whether mepolizumab add-on therapy improves 

PADL in patients with severe eosinophilic asthma.



 

 

 

 

2.  MATERIALS AND METHODS 

 

2.1 PATIENTS 
 

The study was conducted in a prospective, observational design.  It consisted of 

2 arms of parallel design: 1) the physical activity arm, and 2) the mepolizumab arm. 

For the physical activity arm, consecutive patients above 18 years old with 

adequately established and documented asthma of any severity who attended the 

Asthma Outpatient Clinic, “Sotiria” Chest Diseases Hospital were eligible. Eligible 

patients for the mepolizumab arm, were those who additionally met the definition of 

severe asthma [55] and predetermined criteria for mepolizumab therapy [184]. The 

decision-making for add-on mepolizumab therapy in eligible patients was based 

exclusively on clinical criteria. Patients were administered 100 mg of mepolizumab 

(Nucala; GlaxoSmithKline, London, UK) once every 4 weeks for 12 months by 

subcutaneous injection into the upper arm. Included asthma patients were allowed 

to be smokers, to avoid significant selection bias [60]. Patients identified as smokers 

(i.e., either current smokers or former smokers with ⩾10 pack-years) were accurately 

screened for features distinguishing asthma from COPD, and excluded from the 

study if features of COPD currently prevailed [185]. Exclusion criteria for both study 

arms included current or recent (within 4 weeks prior to the study entry) severe 

exacerbation [55] and comorbidities interfering with physical activity such as 

musculoskeletal and neurological conditions. 

 

Severe asthma, according to European Respiratory Society (ERS)/American 

Thoracic Society (ATS) guidelines is defined as asthma that requires treatment with 

high dose inhaled corticosteroids plus a second controller and/or systemic 
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corticosteroids (GINA 4–5 level of medications) to prevent it from becoming 

uncontrolled or that remains uncontrolled despite this therapy [55]. Any one of the 

following four criteria qualifies a patient as having uncontrolled asthma: a) poor 

symptom control (i.e., Asthma Control Questionnaire (ACQ) score consistently ≥1.5 

or Asthma Control Test (ACT) score <20); b) frequent severe exacerbations, defined 

as two or more exacerbations requiring bursts of systemic corticosteroids (≥3 days 

each) in the previous year; c) serious exacerbations, defined as at least one 

hospitalization, intensive care unit stay or mechanical ventilation in the previous 

year; 4) airflow limitation, i.e., forced expiratory volume in 1 s (FEV1) <80% predicted 

(in the presence of reduced FEV1/forced vital capacity (FVC) defined as less than 

the lower limit of normal) following a withhold of both short- and long-acting 

bronchodilators [54]. Patients who do not meet the criteria for uncontrolled asthma, 

but whose asthma worsens on tapering of corticosteroids (or additional biologics), 

will also meet the definition of severe asthma. These definitions require patients to 

be evaluated and managed by an asthma specialist for more than 3 months and 

relevant modifiable factors such as inhaler technique, adherence, smoking and 

comorbidities have been addressed. 

 

We followed the recommended criteria for mepolizumab therapy including blood 

eosinophil count ≥300/µL within the 12 months prior to screening or ≥150/µL at 

screening (within 6 weeks of dosing) [184]. 

 



 

 

 

 

2.2 CLINICAL ASSESSMENT 
 

At the study entry point, the most recent values of FEV1, FVC and eosinophil 

blood count were retrieved from the medical record. All subjects also completed the 

ACT questionnaire and the “past 4 weeks” version of St. George's Respiratory 

Questionnaire (SGRQ). Patients on mepolizumab arm also completed the Global 

Rating of Activity Limitation questionnaire (GRALQ) before and after therapy, and the 

Global Impression of Change in Activity Limitation questionnaire (GICALQ) after 

therapy. 

 

The ACT questionnaire consists of 5 items, with 4-week recall and assesses the 

frequency of shortness of breath and general asthma symptoms, use of rescue 

medications, the effect of asthma on daily functioning, and overall self-assessment 

of asthma control [186]. Scores range from 5 (poor asthma control) to 25 (complete 

control of asthma), higher scores reflect greater asthma control. ACT score > 19 

indicates well-controlled asthma. The minimally important difference of the ACT has 

been found to be 3 points between two groups or for changes over time [187]. 

 

The SGRQ is a disease-specific instrument designed to measure impact on 

overall health, daily life, and perceived well-being in patients with obstructive airways 

disease [188]. It consists of a 50-item questionnaire with 76 weighted responses 

split in 2 parts (3 components) and it takes 8-15 minutes to complete. Part 1 

assesses symptoms (frequency & severity) with a 1, 3 or 12-month recall (best 

performance with 3- and 12-month recall); Part 2: Activities that cause or are limited 

by breathlessness; Impact components (social functioning, psychological 

disturbances resulting from airways disease) refer to current state as the recall. The 
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scoring ranges from 0 to 100 for each component, where a higher number is 

indicative of poorer health. A total score is also calculated from all items, providing 

a global estimation of the patient’s respiratory health [188]. The SGRQ has good 

discriminative and evaluative properties and is responsive to therapeutic trials. It 

was developed and validated in both asthma and COPD, although it has also been 

validated for use in bronchiectasis and has been applied to patients with 

sarcoidosis. There is a large literature concerning the use of the questionnaire in 

many settings, including normal values. Based on empirical data and interviews with 

patients, a mean score change of 4 units in SGRQ is considered for slightly 

efficacious treatment, 8 units for moderately efficacious treatment and 12 units for 

very efficacious treatment [189]. For the calculation of the final score we used a 

commercially free application [190] available at http://sgrq.github.io/. For the 

purposes of the current study, we used the official Greek translation of the “past 4 

weeks” version of SGRQ, which was provided to us free of charge, upon request by 

the St. George's University of London Medical School. 

 

For the GRALQ, patients were asked to rate their impression of activity limitation 

in a 4-point scale (please rate your activity limitation). For the GICALQ, patients were 

asked to rate their activity limitation in a 7-point Likert scale, ranging through much, 

better, better, slightly better, no change, slightly, worse, worse, and much worse; thus, 

providing a brief, stand-alone assessment of their perception for their global 

functioning prior to and after initiating therapy. Both GRALQ and GICALQ have been 

used in a randomized, double‐blind, placebo‐controlled efficacy study for 

mepolizumab therapy  [182]. Analysis of the GRALQ scores after 24 weeks of 

mepolizumab therapy, showed an extra 10% increase from the baseline of the 

http://sgrq.github.io/
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proportion of patients rating their activity as “not” or “slightly” limited with 

mepolizumab versus placebo. GICALQ scores showed that 76% (versus 54% of 

patients in the placebo arm) rated their activity as “much better,” “better,” or “slightly 

better” since the start of the study with mepolizumab.  [191]. 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 
Figure 1: Activity limitation with mepolizumab versus placebo, as measured in (A) 
the Global Rating of Activity Limitation questionnaire at baseline and Week 24 of the 
MUSCA study, and (B) the Global Impression of Change in Activity Limitation 
questionnaire from the start of the study to Week 24 for 532 (269 in the 
mepolizumab arm; 263 in the placebo arm) patients who completed the MUSCA 
study (From [191]). 
 

 



 

 

 

 

2.3  MONITORING of PHYSICAL ACTIVITY in DAILY LIFE 
 

Physical activity was captured using a commercially available triaxial trunk 

accelerometer (DynaPort MoveMonitor; McRoberts B.V., The Hague, The 

Netherlands; FDA registered and CE marked). Specific software (DynaportManager, 

McRoberts B.V.)-generated reports were used to read the collected data (Figure 3 

and 4). The MoveMonitor device has been extensively validated and used for activity 

detection and energy expenditure estimation in younger as well as older healthy 

populations and in chronic obstructive pulmonary disease (COPD), in both ordinary 

and sedentary conditions [192-197].  

 

The MoveMonitor has a sample frequency of 100 samples/s and a range of -6 g 

to + 6 g. In general, this algorithm first determines whether the accelerometer was 

worn based on threshold and frequency analysis of the raw signal, and subsequently 

differentiates between inactive (lying and sitting), static (standing and shuffling) and 

moving (walking, stair walking and cycling) activities. As summarized elsewhere 

[198], validation studies report accuracies of 88% for non-wearing and accuracies of 

86–99% for walking, 89% for cycling, 88–97% for standing, 91–99% for sitting, and 

97% for lying. 

 

The subjects were trained in the use of and equipped with accelerometers to 

record the intensity of their PADL. The accelerometers were attached to an elastic 

strap and mounted on the subjects’ back, at the level of the L2 vertebra (an 

approximation of the body’s center of mass) to wear for seven consecutive days. 

The subjects were advised to wear the accelerometer at all times (including sleep) 

for seven consecutive days excluding only aquatic activities such as showering, 
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bathing and swimming since this would damage the device. Data of days on which 

the accelerometer was worn more than 75% of the time (≥18 hours), were averaged 

to determine habitual type of daily activity; a minimum of 5 valid wearing days was 

required for a participant’s data to be included in the analysis [199]. 

 

 
 
Figure 2: DynaPort MoveMonitor; McRoberts B.V., The Hague, The Netherlands 

(106.6x58x11.5mm, 55 grams; range  6 g, sampling frequency: 100Hz) and its 
positioning at the level of the L2 vertebra. 
 

 



 

 

 

 

2.4  MEASURED PARAMETERS of PHYSICAL ACTIVITY 
 

The studied parameters of PADL included daily step count, daily time spent in 

moderate-to-vigorous physical activity (MVPA; ≥3 METs) (min), daily MVPA volume 

(MET·min), daily Movement Intensity (MI; m/s2; 9.81m/s2 = 1 unit of gravitational 

acceleration g) and moving time (min), as provided by the algorithm for all whole-

body moving activities (walking, stair walking and cycling). We calculated the daily 

time spent in MVPA by summing the time in moderate physical activity (3-5.9 METs) 

and the time in vigorous physical activity (≥6 METs) [3, 11]. In order to compare 

against guidelines for physical activity [3], we calculated the weekly time in moderate 

activity, weekly time in vigorous activity and weekly MET·min count from the daily 

data. In light of new evidence and guidelines [3, 23, 28, 29], bouts of any duration 

were considered for all the activities. 

 

Steps are a basic unit of locomotion and as such, provide an intuitive, easy-to-

understand and easy-to-measure metric of human ambulation and a crude 

representation of the overall physical activity. Steps can be at light-, moderate-, and 

vigorous-intensity levels, providing a range of exertion choice to promote walking at 

all ages and for all levels of fitness in the context of physical activity monitoring and 

prescription [20, 200]. Steps are also motivational and they facilitate behavior 

change. For these reasons, the measure of steps per day has the potential to 

improve the translation of research findings into public health recommendations, 

policies, and programs [200]. Daily step count has also strong associations with 

physical health variables. In severe asthma, daily step count has been associated 

with dyspnea, 6MWD, FEV1, sputum eosinophils%, high-sensitivity CRP [62], and 

HRQoL [59]. However, patients with asthma do not always achieve satisfactory 
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levels of steps per day, have lower steps per day than healthy subjects and have 

declining daily step count with worsening disease status [58, 60, 73, 186]. 

 

The intensity with which subjects carry out physical activity is an important 

aspect of physical activity behavior that people adopt in daily living and a 

fundamental part of recommendations for health maintenance [3]. In this study, the 

daily intensity of bodily movement was measured in units of gravitational 

acceleration (g), expressed in meters per square second (m/s2; 1g = 9.81m/s2) and 

metabolic equivalents (METs). Using predefined METs criteria [11], the 

accelerometer algorithm classified physical activity into sedentary (<1.5 METs), light 

(1.5-2.9 METs), moderate (3-5.9 METs) and vigorous (≥6 METs). Moderate and 

vigorous physical activity were collectively considered as moderate-to-vigorous 

physical activity (MVPA; ≥3 METs). By combining the MET value of the activity with 

the activity duration (in minutes) the algorithm quantified MVPA in MET·min counts. 

 

In asthma, time in MVPA was positively associated with disease control and 

disease-specific HRQoL  [51, 59] and a 25-minute increase in MVPA was associated 

with a clinically significant improvement in ACQ score of 0.52 units [51]. However, 

the overall evidence is inconsistent as the raw values of time spent in MVPA by both 

asthma and healthy populations varies substantially between studies [201].  Also, 

time spent in MVPA was not significantly different between asthma and healthy 

subjects, once adjusting for confounding factors such age, sex, obesity and smoking 

[60]. 
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The intensity of movement activity in m/s2 represents a direct measure of the 

power of the movements. As such, it has been extensively investigated in COPD 

where it was shown to be an important aspect of PADL [202]. The movement 

intensity in patients with COPD has been reported in the range of 1.5 to 1.9 m/s2, 

depending on the disease severity and study population [202-205]. Movement 

activity in m/s2 has also been shown to be responsive to both pharmacological and 

exercise training interventions for promoting physical activity in people with COPD 

[206]. However, this measure of PADL has not been used in asthmatic patients to 

date. 
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Figure 3: MoveMonitor report template for the extraction of information on 
physical activity. 
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Figure 4: MoveMonitor report template for comparison of physical activity against 
recommendations.



 

 

 

 

 
2.5 PHYSICAL ACTIVITY GUIDELINES 
 

The updated guidelines by the World Health Organization advise that adults 

should engage in at least 150-300 minutes of moderate-intensity (3-5.9 METs) 

aerobic physical activity throughout the week or do at least 75-150 minutes of 

vigorous-intensity (≥6 METs) aerobic physical activity throughout the week or an 

equivalent combination of moderate-and vigorous-intensity activity (MVPA; ≥3 

METs), preferably spread evenly over 4 to 5 days a week, or every day [3]. When 

combining moderate and vigorous intensity activity to meet the current 

recommendation, the minimum goal should be in the range of 600 to 1200 MET·min 

per week [3, 19]. In light of new evidence [23, 28, 29], the updated guidelines take into 

consideration activity of any bout duration [3]. These recommendations are relevant 

to all healthy adults aged 18 and older (including aged 65 and older), irrespective of 

gender, race, cultural background or socioeconomic status. They are also relevant 

to people of all abilities including people with chronic non communicable medical 

conditions not related to mobility and are therefore applicable to patients with 

asthma. For a complete review of the guidelines please refer to the General Part I, 

page 14. 

 



 

 

 

 

2.6  MEPOLIZUMAB BIOLOGIC THERAPY 
 

Biologic medicines, produced by or derived from living organisms or their 

products, have revolutionized the practice of medicines that treat cancer, 

autoimmune and inflammatory diseases. In asthma, recent years have seen a surge 

in the study and use of therapeutic monoclonal antibodies; a new generation 

targeted biological medicines that selectively block pro-inflammatory antibodies, 

molecules, or cell receptors thus disrupting inflammatory pathways implicated in the 

pathogenesis of asthma. In 2018, biologic therapies had been included in the step-

by-step medication scheme of the Global Initiative for Asthma (GINA) guidelines and 

are becoming the new standard of care for patients with severe uncontrolled asthma 

due to their effectiveness in reduction in asthma exacerbation rates and use of oral 

corticosteroids (OCS) [207]. 

 

In 2005, Omalizumab, a recombinant humanized anti-IgE monoclonal antibody 

that targets IgE by using antibodies that block IgE from binding to its high-affinity 

receptor, became the first, and for a long time the only available biologic therapy for 

severe allergic asthma. Since 2015, five additional biologic therapies that target 

specific cytokines of the T2-high pathway have been approved for asthma for use in 

patients with severe eosinophilic asthma: mepolizumab (IL-5 inhibitor, approved 

2015), benralizumab (IL-5 receptor antagonist; approved 2017), reslizumab (IL-5 

antagonists; approved 2016), Tezepelumab (thymic stromal lymphopoietin blocker; 

approved 2021) and dupilumab (IL-4 inhibitor; approved 2018). More biologic 

therapies for asthma are in the pipeline. 
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Mepolizumab was first approved by the US Food and Drug Administration (FDA) 

and the European Commission (EC) for severe asthma in 2015. It is the first-in-class 

humanized, monoclonal antibody (IgG1 kappa) that targets IL-5 with high affinity and 

specificity. It is believed to work by preventing IL-5 from binding to its receptor 

mainly on the surface of eosinophils. By targeting IL-5, the major cytokine 

responsible for the growth and differentiation, recruitment, activation, and survival 

of eosinophils, mepolizumab reduces blood eosinophils without completely 

depleting them. It is currently approved as add-on maintenance treatment of adult 

and pediatric patients aged 6 years and older with severe asthma and with an 

eosinophilic phenotype. It has been studied in over 3,000 patients in 21 clinical trials 

across a number of eosinophilic indications and is the only biologic with about 7 

years of safety and efficacy data in severe eosinophilic asthma.  

 

 

 

 

Figure 5: Mode of action of mepolizumab. 
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Mepolizumab therapy has been shown to lead to meaningful improvements in 

the use of OCS and asthma exacerbations but also, in asthma control and health-

related quality of life. In phase-III trials, subcutaneous mepolizumab showed a 

significant 61%-68% reduction in rate of exacerbations requiring 

hospitalization/emergency department visits versus placebo [182, 208]. 

Confirmatory efficacy and safety data show a significant 50% reduction in median 

daily OCS dose during weeks 20-24 from baseline dose in patients treated with 

mepolizumab, compared to 0% reduction in patients treated with placebo (p = 0.007) 

[209]. Despite receiving a reduced glucocorticoid dose, patients in the mepolizumab 

group, as compared with those in the placebo group, had a relative reduction of 32% 

in the annualized rate of all exacerbations (1.44 versus 2.12) [209]. The beneficial 

effect of mepolizumab is maintained over time as evidenced by an up to 88% 

reduction in median OCS dose versus baseline at approximately 2.5 years (OCS dose 

at baseline, 11.3 mg/day versus 1.3 mg/day at week 128) [210] and 80% reduction 

in exacerbations at 3.6 years with mepolizumab versus pre-treatment (absolute 

rate/year reduction 4.04, n = 95) [210].  

 

Mepolizumab has been additionally approved for the treatment for other 

diseases that are driven by eosinophilic inflammation and may coexist with asthma, 

including chronic rhinosinusitis with nasal polyps, eosinophilic granulomatosis with 

polyangiitis and hypereosinophilic syndrome. A post hoc meta-analysis suggests 

that mepolizumab led to an 80% reduction of exacerbations for patients with severe 

eosinophilic asthma and comorbid nasal polyps (rate ratio 0.2, 95% CI 0.11-0.35, n = 

166) [211]. 
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The magnitude to the mepolizumab effect in lung function appears less 

impressive. Historically, a minimal clinically important difference (MCID) of 100 mL 

has been proposed for FEV1, although little evidence exists to support this value. 

However, in a study of 281 adult asthmatic patients, a minimal patient perceivable 

improvement for FEV1, as determined by comparing the average baseline FEV1 

scores with patient global ratings of change in asthma, was 230 mL, or 10.38% 

change from baseline [212]. In phase-III trials the mean difference between 

mepolizumab and placebo for the change from baseline in pre-bronchodilator FEV1 

was 114 mL (95% CI, −42 to 271) at week 24  [209] and 98 mL (95% CI 11 to 184) at 

week 32 [208]. A phase-III trial also showed a treatment difference in FEV1 of 120 

mL (95% CI 47 –92) after 24 weeks of mepolizumab therapy compared with placebo 

[182]. A post hoc meta-analysis of two phase-III trials [182, 208], confirmed an 

increase from baseline in FEV1 with mepolizumab therapy (n = 449) compared with 

placebo (n = 438) after 24 or 32 weeks (treatment difference 111 mL; 95% CI 55 –

166) [213].  Mepolizumab was also associated with attenuated lung function decline 

over the course of 12 months in severe eosinophilic asthma patients from the 

Belgian Severe Asthma Registry [214]. Finally, a retrospective observational real-life 

study of adult patients (n = 105) showed improvements in small airway function after 

18 months of mepolizumab therapy, as evidenced by a highly significant, gradual 

and persistent increase in FEF 25-75% values (from 32.7 ± 18.2% at baseline to 48.6 

± 18.4%) [215]. 

 

Evidence shows meaningful improvements with mepolizumab compared to 

placebo in asthma control/symptom burden (mean difference in ACQ-5 score of 
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0.52 points (95% CI, −0.87 to −0.17) and HRQoL (mean difference in SGRQ total 

score ranging -7.4; 95% CI -9.5 to -5.3; [213] to −5.8; 95% CI, −10.6 to −1.0 [209]). The 

proportions of patients achieving the MCID from baseline in SGRQ total score as well 

as ACQ-5 score were also higher with mepolizumab compared with placebo (58% 

versus 41% [209], 72% versus 55% [213] and 71% versus 55% [214] for SGRQ total 

score; and 58% versus 44% for ACQ-5 score [213]). 

 

The patients in the mepolizumab arm of the current study received the 

recommended dose 100 mg of mepolizumab (Nucala; GlaxoSmithKline, London, UK) 

administered once every four weeks for 12 months by subcutaneous injection into 

the upper arm. The patients had their therapy prepared and administered by a 

respiratory physician in a hospital environment. We used Nucala for injection 

supplied in the form of sterile, preservative-free, white to off-white, lyophilized 

powder in 100-mg single-dose vials with a flip-off seal in cartons of 1. As per the 

explicit dosing and administration instructions [216]. Nucala was reconstituted in 

the vial with 1.2 mL of Sterile Water for Injection, using a 2- or 3-mL syringe and a 

21-gauge needle. The stream of Sterile Water for Injection was directed vertically 

onto the center of the lyophilized powder. The vial was gently swirled for 10 seconds 

with a circular motion at 15-second intervals until the powder was dissolved. 

Reconstitution was typically completed within 5 minutes after the Sterile Water for 

Injection was added. The reconstituted solution contained a concentration of 100 

mg/mL mepolizumab. Before injection, the reconstituted solution was visually 

inspected for particulate matter and clarity before use. 
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Figure 6: Nucala vial. 

 

 

The safety of Nucala was evaluated in numerous studies, including a 4.5-year 

open-label study [217]. In 3 clinical trials, the percentages of subjects who 

experienced systemic (allergic and nonallergic) reactions were 3% for Nucala and 

5% for placebo. The most common side effects of Nucala include headache, 

injection site reactions (pain, redness, swelling, itching, or a burning feeling at the 

injection site), back pain, and fatigue. A majority of the systemic reactions were 

experienced on the day of dosing. Approximately 2% of patients receiving Nucala vs 

3% receiving placebo withdrew due to adverse events [218]. Across clinical trials in 

patients aged ≥6 years receiving Nucala, 6% developed anti-mepolizumab antibodies 

and 1 patient had neutralizing antibodies detected. The clinical relevance of anti-

mepolizumab antibodies is not known [218].  

 

In the current study, patients were monitored for 15 minutes after administration 

of the biologic agents for any immediate allergic (hypersensitivity) reactions, 

including anaphylaxis and provided with guidance in the event of late allergic 

relations. Patients were also monitored for adverse effects throughout the study.



 

 

 

 

2.7 STATISTICAL ANALYSIS 
 

Data were analyzed using the SPSS statistical package v28.0. Normal 

distribution of the data was checked using the Shapiro-Wilk test. Data are expressed 

as mean ± standard deviation or median (interquartile range) for continuous 

outcomes, and as counts and percentages for categorical variables. Independent 

samples t-tests or Mann–Whitney U-tests were used for comparisons of differences 

in clinical characteristics and PADL parameters (daily step count, time in MVPA, 

MVPA volume, MI and moving time) between patients with mild-to-moderate asthma 

and patients with severe asthma. Chi-square tests were used for detection of 

between-group differences in compliance with guideline recommendations. 

Associations of PADL parameters with FEV1, ACT score and SGRQ score as well as 

associations between all of the PADL parameters were examined using Pearson’s 

or Spearman’s correlation coefficient, depending on the distribution of the data. 

Paired samples t-tests or Wilcoxon signed rank tests were used to examine for 

changes with therapy in PADL parameters, FEV1, ACT score, SGRQ score and 

eosinophil count. The level of significance was set at p < 0.05.



 

 

 

 

3. RESULTS 

 

3.1 STUDY FLOW 
 

A total of 38 patients were enrolled between January 2018 and March 2020. The 

study was prematurely concluded due to the advent and persistence of the 

coronavirus disease 2019 (COVID-19) pandemic in Greece. The decision was made 

for health and safety reasons but also due to the prolonged public mobility 

restrictions and lockdowns imposed at a national and global level, which could 

introduce a systematic error (bias). Two patients (6%) with mild-to-moderate asthma 

were excluded due to poor wearing compliance. Thirty-six patients were therefore 

considered in the analysis for the physical activity arm of the study of whom, 15 had 

mild-to-moderate asthma and 21 had severe asthma. Sixteen of the patients with 

severe asthma had eosinophilic asthma and commenced on mepolizumab therapy. 

Twelve patients completed successfully 12-month therapy and included in the 

analysis for the mepolizumab study arm; 2 patients dropped out due to worsening 

of asthma symptoms and 2 patients were excluded for not following the instructed 

medication. The study entry PADL data of the 4 excluded patients from the 

mepolizumab arm, were still used for the physical activity arm. The study flow is 

shown in Figure 7. 



 

 82 

 

Figure 7: Study flowchart. PADL: physical activity in daily life. 

 

The outcome in the present study is not dissimilar from a real-world study of 368 

patients with severe asthma [219], where 19% of patients discontinued 

mepolizumab therapy during 1 year of treatment, the most common reasons being 

participant decision (7%) and patient-reported lack of efficacy (4%) [219]. Treatment-

emergent adverse events occurred in 14% of patients, and they led to 

discontinuation of therapy in 2%; serious but not-fatal adverse events occurred in < 

1% of patients [219]. 

 

Of note, sporadic, paradoxical worsening of asthma symptoms and lung 

function with mepolizumab therapy has been reported [220, 221]. It is hypothesized 

to be due to local autoimmune reactions with anti-IL-5 monoclonal antibodies 

forming immune complexes with IL-5 cytokines, which prevents degradation of IL-5 

and leads to further excessive airway inflammation [221]. This mechanism may be 

mediating the increase in IL-5 after the initiation of mepolizumab treatment 
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compared with the baseline values that has been observed in several studies; other 

possible causes include increased IL-5 receptor expression, and/or increased T 

helper cells that produce intracellular IL-5 [222]. 

 



 

 

 

 

3.2 PATIENT CHARACTERISTICS 
 

Patients were 29 females (81%) and 7 (19%) males with mean age 49.8 ± 14.8 years, 

body mass index (BMI) 29.2 ± 6.8 kg/m2, FEV1 83.4 ± 26.4% predicted, FEV1 to FVC 

ratio 0.74 ± 0.15. All of the patients were on regular therapy with at least a 

combination of inhaled corticosteroid and long-acting beta agonist.  ACT score was 

19.1 ± 5.4, and SGRQ score 36.8 ± 25.5. There was no difference in age, sex, and BMI 

between patients with mild-to-moderate asthma and severe asthma but patients 

with severe asthma had lower FEV1 (p = 0.001), ACT score (p<0.001) and SGRQ 

score (p<0.001). The patients’ complete characteristics are shown in Table 1. 

 

 
All 

(n = 36) 

Mild-to-Moderate 
Asthma 
(n = 15) 

Severe 
Asthma 
(n = 21) 

p 

Sex, F/M 29/7 11/4 18/3 0.362 
Age 49.8 ± 14.8 45.1 ± 16.5 53.1 ± 12.8 0.172 
BMI (Kg/m2) 29.3 ± 6.8 27.7 ± 4.6 30.3 ± 7.9 0.238 
FEV1 (L) 2.4 ± 1.1 3.1 ± 1.17 1.9 ± 0.8 <0.001 
FEV1% predicted 83.4 ± 26.4 96.1 ± 19.2 73.9 ± 27.4 0.006 
FEV1/FVC ratio 0.74 ± 1.5 0.79 ± 0.1 0.70 ± 0.2 0.084 
Therapy     

ICS/LABA 36 15 21 N/A 
LAMA 20 1 19 N/A 
Montelukast 22 7 15 N/A 
OCS 2 0 2 N/A 
Omalizumab 2 0 2 N/A 

ACT score 20 (9) 25 (4) 15 (5) <0.001 
SGRQ score 30.8 (44.1) 58.8 (34.5) 12.6 (10.8) <0.001 

 
 
Table 1. Patient characteristics. Data are presented as the mean ± SD, median 
(interquartile range) or counts. FEV1: prebronchodilator forced expiratory volume in 
1 second; FVC: prebronchodilator forced vital capacity; ICS: inhaled corticosteroids, 
OCS: oral corticosteroids; LABA: long-acting beta agonist; LAMA: long-acting 
muscarinic agonist; ACT: Asthma Control Test; SGRQ: St George Respiratory 
Questionnaire; N/A: not applicable or not assessed. 
 

 



 

 

 

 

3.3 PHYSICAL ACTIVITY in DAILY LIFE 
 
 

For the whole cohort, daily step count was 7,806 ± 3,823 steps; time in MVPA 

123 (interquartile range, 63) min, MVPA volume 576 ± 256 MET·min, MI 1.96 (0.45) 

m/s2 and moving time 94 ± 43 min. As shown in Table 2, despite large mean 

differences (MD) in favor of the patients with mild-to-moderate asthma compared 

to the patients with severe asthma, the between-group differences were not 

statistically significant. 

 

For the whole patient cohort, there were significant associations between PADL 

and FEV1 (r for step count = 0.40, p = 0.018; r for time in MVPA time = 0.36, p = 0.036; 

r for MVPA volume = 0.42, p = 0.012; r for MI = 0.44, p = 0.008). Daily MI (but not any 

of the other PADL parameters) associated with ACT score (r= 0.37, p = 0.027). There 

were no associations between any PADL parameter and SGRQ score (r= 0.30–0.33, 

p = 0.052–0.090 for all). There were strong associations between daily step count, 

time in MVPA, MVPA volume and MI and moving time (r = 0.50–0.96, p = 0.003-0.001 

for all). 

 



 

 

 

 

 All 

(n = 36) 

Mild-to-

moderate 

asthma 

(n = 15) 

Severe 

asthma 

(n = 21) 

p 

Daily step count 7806 ± 

3823 

8209 ± 3815 7518 ± 3896 0.558 

Daily Movement Intensity 

(m/s2) 

 

1.96 (0.45) 2.09 (0.46) 1.72 (0.50) 0.083 

Daily time in MVPA (min) 

 

123 (63) 133 (64) 97 (70) 0.505 

Daily MVPA volume 

(MET·min) 

 

657 ± 255 618 ± 244 547 ± 266 0.553 

Daily moving time (min) 

 

94 ± 43 98 ± 44 91 ± 43 0.630 

Patients met 

recommendations for 

weekly time in moderate 

activity [min/week] [3]. 

36; 100% 

[745 (392)] 

 

15; 100% 

[742 (357)] 

 

 

21; 100% 

[777 (389)] 

 

 

1 

Patients met 

recommendations for 

weekly time in vigorous 

activity [min/week] [3]. 

 

15; 41% 

[70 (137)] 

 

8; 53% 

[126 (168)] 

 

8; 38% 

[28 (112)] 

0.464 

Patients met 

recommendations 

for weekly MVPA volume 

[MET·min] [3, 19]. 

36; 100% 

[4034 ± 

1791] 

 

15; 100% 

[4323 ± 1707] 

21; 100% 

[3828 ± 

2651] 

1 

 

 
 
Table 2: Physical activity in daily life and comparison against current guidelines. 
Data are presented as the mean ± SD, median (interquartile range) or counts and 
percentages. MVPA: moderate-to-vigorous physical activity; MET: metabolic 
equivalent. 
 
 



 

 

 

 

3.4  COMPLIANCE with PHYSICAL ACTIVITY GUIDELINES 
 

The percentage of all patients who met current recommendations for moderate, 

vigorous or combined moderate and vigorous daily physical activity, was 100%, 42% 

and 100%, respectively. Only 38% of patients with severe asthma met the 

recommendations for weekly time in vigorous activity. There were no significant 

between-group differences (Table 2). 

 



 

 

 

 

3.5  THE EFFECT OF MEPOLIZUMAB THERAPY 
 

After 12-month therapy, the 12 patients (10 female; age 57.4 ± 8.7 years; BMI 

29.8 ± 3.5 Kg/m2, FEV1% pred. 68.6 ± 26.5; ACT score 15 (5); SGRQ score 58.8 (34.5) 

on the mepolizumab arm showed significant improvement in all the aspects of 

PADL. Daily step count increased from 7,233 ± 3,994 to 7,879 ± 3,892 steps (MD 646; 

9%), p = 0.009), daily time in MVPA increased from 97 (70) to 117 (64) min (MD 20; 

21%), p =0.003), daily MVPA volume increased from 519 ± 164 to 606 ± 269 MET·min 

(MD 87; 17%), p<0.001) and MI increased from 1.72 (0.50) to 1.83 (0.48) m/s2 (MD 

0.11; 6%), p = 0.003) (Figure 8). There was no change in daily moving time before 

and after therapy (87 ± 43 versus 89 ± 34 min; p = 0.906). 

 

Patients also exhibited meaningful improvement in FEV1 (from 1.74 ± 0.8 to 1.88 

± 0.8, p = 0.004), ACT score (from 15.73 ± 4. to 21.1 ± 4.8, p = 0.003) [190] and SGRQ 

score (from 52.3 ± 20.7 to 30.6 ± 21.9, p = 0.004) [189]. There was no association 

between mean changes in the four PADL parameters and mean change in FEV1 

(p>0.1 for all). Finally, there was significant change in the self-reported GICALQ with 

all the patients rating their physical activity as “much better (25%)”, “better (50%)” or 

“slightly better (25%)” than prior to therapy. In GRALQ, the proportion of patients 

rating their activity as “not limited” or “slightly limited” increased from 25% to 75% 

(Figure 9). The individual responses in GRALQ and GICALQ are shown in Table 4 and 

5, respectively. As expected, after 12 months of mepolizumab therapy, the 

eosinophil count was reduced (from to 5.6 ± 2.6 to 1.2 ± 0.6, p < 0.001), but not 

eliminated. 

 



 

 

 

 

 PRE-therapy 

(n = 12) 

POST-therapy 

(n = 12) 

p 

Daily moving time (min) 87.4 ± 42.8 88.6 ± 34.4 0.906 

Daily steps 7233 ± 3994 7879 ± 3892 0.009 

Moving Intensity (m/s2) 1.91 ± 0.35 2.1 ± 0.36 0.002 

Daily time in MVPA (min) 109 ± 50.3 125.8 ± 50.7 0.002 

Daily MVPA volume 

(3≥MET·min) 

519 ± 164 606 ± 269 <0.001 

FEV1 1.74 ± 0.8 1.88 ± 0.8 0.004 

FEV1% predicted 67.8 ± 27.8 76.1 ± 26.9 <0.001 

GRAL score 1.91 ± 0.9 0.91 ± 0.8 0.002 

ACT score 15.73 ± 4.3 21.1 ± 4.8 0.003 

SGRQ score 52.3 ± 20.7 30.6 ± 21.9 0.004 

Eosinophil count 428.1 ± 179.5 104 ± 54.5 <0.001 

Eosinophils% 5.6 ± 2.6 1.2 ± 0.6 <0.001 

 
Table 3 : The effect of mepolizumab therapy. Data are presented as the mean ± SD 
or median (interquartile range). MVPA: moderate-to-vigorous physical activity; MET: 
metabolic equivalent. 
 
 

 

Figure 8: Changes in physical activity in daily life with mepolizumab therapy. Data 
are presented as the mean ± SD or median (interquartile range). MVPA:  moderate-
to-vigorous physical activity; MET: metabolic equivalent. 
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Figure 9: a) Global Rating of Activity Limitation before and after mepolizumab 
therapy; b) Global Impression of Change in Activity Limitation after mepolizumab 
therapy. 
 
  

 

 



 

 

 

 

Patients Not limited  Slightly 
limited 

Limited  Very limited  

1 X X   
2  X X  
3  X X  
4   X X 
5   X X 
6 X   X 
7  X X  
8  X X  
9  X X  

10 X X    
11   X X  
12 X X   

 
Table 4: Individual responses in Global Rating of Activity Limitation questionnaire 
before and after mepolizumab therapy. X: Pre-mepolizumab therapy; X: Post-12-
month mepolizumab therapy. 
 
 

 

Patients Much 
worse 

Worse Slightly 
worse 

No 
change 

Slightly 
better 

Better Much 
better 

1      X  
2       X 
3      X  
4     X   
5     X   
6       X 
7      X  
8      X  
9      X  

10     X   
11      X  
12       X 

 
Table 5: Individual responses in the Global Impression of Change in Activity 
Limitation questionnaire after 12-month mepolizumab therapy. 



 

 

 

 

4. DISCUSSION 
 

In this study of patients with moderate-to-severe and severe asthma, the levels 

of PADL are deemed borderline satisfactory. All the patients met at least one 

recommendation for PADL but less than half met recommendations for vigorous 

PADL and there was space for improvement in all the aspects of PADL, especially 

for patients with severe asthma. Importantly, in a non-sedentary cohort of older 

patients with severe asthma, mepolizumab increased meaningfully daily step count 

by 646 steps (9%), time in MVPA by 20 min (20%), MVPA volume by 87 MET·min 

(17%) and MI by 0.11 m/s2 (6%). This accelerometer-derived improvement matched 

self-reported improvement in PADL. Clinically significant improvements also 

occurred for lung function, asthma control and HRQoL. 

 

Individually, all the patients met at least one of the recommended thresholds for 

moderate activity, vigorous activity or an equivalent combination of MVPA [3]. 

However, the absolute compliance with recommendations was driven by 

performance in moderate-intensity physical activity rather than in vigorous physical 

activity (VPA). VPA compliance for all patients, mild-to-moderate asthmatics and 

severe asthmatics was 41%, 53% and 38%, respectively with some individuals 

showing negligible or absent VPA. This is important since VPA is an indispensable 

aspect of PADL. In a national cohort study of 403,681 adults, VPA showed a stronger 

inverse association with cancer mortality compared with moderate physical activity. 

Also, among participants performing any MVPA, a higher proportion of VPA to total 

physical activity was associated with lower all-cause mortality, across 

sociodemographic characteristics, lifestyle risk factors, and chronic conditions at 

baseline [26]. 
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In terms of the weekly MVPA volume, the performance of our patients (3828 ± 

2651 MET·min/week for severe asthmatics and 4323 ± 1707 MET·min/week for 

moderate-to-severe asthmatics) may seem in excess in relation to the 

recommended range of 600 to 1,200 MET·min/week [3, 19]. However, 

recommendations refer merely to the minimal required amount of activity in order to 

achieve substantial benefits over and above the routine light-intensity activities of 

daily living. Strong evidence suggests that total physical activity needs to be several 

times higher (≥ 3,000—4,000 MET·min/week), than the recommended minimum level 

to achieve significant health benefits such as reducing the risk of breast cancer, 

colon cancer, diabetes, ischemic heart disease, and ischemic stroke events [25]. 

 

The daily step count was 7,806 ± 3,823 steps for the total cohort, 8,209 ± 3,815 

steps for patients with mild-to-moderate asthma, and 7518 ± 3896 steps for patients 

with severe asthma. There are still no evidence-based public health guidelines 

recommending a range for steps per day for health benefits to cross-reference our 

data against. However, the patients with severe asthma only reached the threshold 

of the “somewhat active” category (7,500–9,999 steps per day) in a widely endorsed 

step-defined ladder of physical activity [31, 53]. Crucially, most of the patients were 

not shown to gain full potential of benefit from their daily step count [5]. Robust 

evidence shows that increasing daily step count is associated with progressively 

lower mortality risk, with the risk plateauing for older adults (aged ≥60 years) at 

approximately 6,000–8,000 steps per day and for younger adults (aged <60 years) 

at approximately 8,000–10,000 steps per day [5], but only 55% of our study 

population walked within these ranges. 
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The observed increase in PADL with mepolizumab therapy is meaningful as it 

translates directly to clinical benefits and helps the patients to achieve beneficial 

goals for physical activity. Strong evidence shows that increments in daily step 

count as well as duration or frequency of MVPA are associated with a progressively 

lower risk of all-cause mortality [4, 23, 24, 223] and current recommendations are 

that additional physical activity of any bout duration and intensity, accumulated over 

the day and week, is beneficial [3, 21]. Importantly, the achieved mean increase of 

646 steps per day with mepolizumab therapy matched the minimal important 

difference for first hospital admission in COPD patients due to an exacerbation after 

3-month multidisciplinary pulmonary rehabilitation, estimated to be 600–1,000 

steps per day  [224]. It also surpassed the threshold of 500-step increment of steps 

per day shown to lower the risk of cardiovascular disease by 6%, and approached 

the 1,000-step increment of steps per day that was associated with a 23% decreased 

risk of all-cause mortality [223]. Interestingly, there was no concurrent change in 

daily moving time with mepolizumab, which means that patients achieved higher 

levels of PADL via increasing the intensity rather than the duration of their activities. 

 

To our knowledge, the present is the second study to investigate the effect of 

any asthma therapy on PADL. Carpagnano et al. [172] found significant 

improvements in daily step count and energy expenditure in 30 patients treated with 

biological therapy (omalizumab or mepolizumab) for six months compared to 

patients on traditional therapy. The magnitude of improvement with biologic therapy 

was notably larger than in our study, as the patients almost doubled their daily steps 

(from 3,806 ± 421 to 6,545 ± 844) [39]. However, those patients were highly 
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sedentary compared to our patient cohort, which certainly allowed a larger space for 

improvement. 

 

Herein, we provide the first data on MI in asthma expressed in acceleration units, 

being 1.96 (0.45) m/s2 for the total cohort. The MI in m/s2 represents a direct 

measure of the absolute power of movement. It has been extensively investigated 

in COPD, where it was shown to be an important aspect of PADL, ranging 1.5 to 1.9 

m/s2 depending on the disease severity and study population [202-204] and 

responsive to pharmacological and exercise interventions [206]. With a mean MI of 

1.72 (0.50) m/s2, our patients with severe asthma showed similar performance to 

generally older patients with at least moderate COPD. 

 

Finally, we observed modest associations of PADL with FEV1. This is in line with 

the finding by Hennegrave et al. [61] that FEV1 is associated modestly with daily step 

count in asthmatic patients. van’t Hul et al. [66] and Bahmer at al. [60] found no 

associations between accelerometer-derived parameters of PADL and spirometric 

measures or peak expiratory flow rates in asthma, but daily step count was 

associated with impulse oscillometric airway resistance and small airway 

dysfunction [60]. 

 

A review of previous available studies on PADL in severe asthma patients is 

provided in Table 3. Notably, there is considerable variation in the levels of PADL 

among the studies, ranging from low sedentary to acceptably active. Possible 

causes include variations in cultural and behavioral patterns, seasonality as well as 

disparities in methodology and the way that data are presented. The type of the 
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device, wear location, speed and duration of movement can all affect the accuracy 

of measures obtained from different devices; counts obtained from different devices 

are highly correlated but can vary significantly [5]. Compared to four studies that 

used an arm-positioned accelerometer and two studies that used an above hip-

positioned accelerometer, we used an accelerometer that is positioned on the back, 

at the level of the L2 vertebra, an approximation of the body’s center of mass. 

 

Study n Accelerometer 

(position) 

DSC 

 

Daily 

time in 

MVPA 

DSC 

associations 

Bahmer 
et al. [60] 

63 SenseWear Pro 
Armband 

(upper arm) 

6174 

(4822–

9277) 

125 

(68–172) 

Impulse 
oscillometric 

airway 
resistance/ 

small airway 
dysfunction 

Cordova‐
Rivera et al. 
[58] 

61 ActiGraph 
wGT3X-BT 

(dominant hip) 

5362 

(3999–

7817) 

22  

(13–38) 

6MWD, 
ACT score, 

FEV1, 
hs-CRP 

Cordova-
Rivera et al. 
[62] 

62 ActiGraph 
wGT3X-BT 

(dominant hip) 

5385 

(3941–

7844) 

22 

(13–35) 

6MWD, 
FEV1% pred., 

dyspnea, 
hs-CRP, 

eosinophils% 
Carpagnano 
et al. [172] 
 

40 SenseWear Pro 
Armband 

(upper arm) 

3806 ± 

421 

N/A N/A 

Hennegrave 
et al. [61] 

23 SenseWear Pro 
Armband 

(upper arm) 

6560 ± 

3915 

120 ± 54 Age,  
anxiety, 

FEV1 
Neale 
et al. [59] 

48 SenseWear Pro3 
Armband 

(upper arm) 

5183 ± 

2935 

12 ± 21 EQ-5D-3L, 
AQLQ score, 
CRQ score 

 

Table 6. Studies on physical activity in daily life in severe asthma. Data are presented 
as Mean ± SD or median (interquartile range). DSC: daily step count; MVPA: 
moderate-to-vigorous physical activity; 6MWD: 6-minute walk distance; ACT: Asthma 
Control Test; FEV1: forced expiratory volume in 1 second; hs-CRP: high-sensitivity C-
reactive protein; AQLQ: Asthma Quality of Life Questionnaire; CRQ: Chronic 
Respiratory Disease Questionnaire. 
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The main limitation of the current study is the small sample size, which reduces 

the generalizability of results. As suggested by the large mean differences, 

significant between-group differences in PADL as well as significant associations of 

PADL may have been overlooked due to the inadequate statistical power. Another 

limitation is the absence of a control group for the mepolizumab arm to strengthen 

the results of the study. Our data is from a single center, but our patients are 

considered representative of a public referral center for asthma and severe asthma 

in Greece. Finally, the authors would like to acknowledge the negative impact of the 

COVID-19 pandemic, leading to the premature termination of the study as the public 

physical activity remains limited compared to the pre-pandemic era. Ongoing 

recommendations for physical distancing, quarantine measures for people with 

COVID-19, individual precautionary behaviors and fear of disease are leading to the 

adaptation of new habits that continue to bear a strong negative impact on day-to-

day life physical activity and sedentary behavior worldwide [225, 226]. This is an 

unfortunate, important consideration for any current or future study in physical 

activity.



 

 

 

 

5.  CONCLUSIONS 

 

By showing meaningful improvements in several parameters of the PADL of patients 

with severe asthma with mepolizumab therapy, this study adds to the limited 

available evidence on the effect of biologic therapy on physical activity in asthma. 

Larger, multicenter studies are needed to validate our preliminary results, but the 

potential of a single, add-on intervention on improving such an important patient-

centered and challenging outcome is appealing. For the multiple, significant general 

health and asthma-specific benefits of physical activity, PADL reflects long-

established behavioral patterns that are often difficult to amend even when the 

disease severity and control improve. Longer-lasting interdisciplinary approaches 

targeting beyond asthma-specific endpoints may therefore be required to help 

patients meet recommendations and achieve their maximum potential in PADL and 

lifestyle pursuits. This is an important consideration not only for patients with severe 

asthma who plausibly draw the major share of interest, but for all the patients with 

asthma, who often present suboptimal levels of physical activity. 
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