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 LIST OF ABBREVIATIONS AND ACRONYMS 
 

ABPA: Allergic bronchopulmonary aspergillosis 

ACQ: Asthma control questionnaire 

ACT: Asthma control test 

AFL: Airflow limitation 

AOR: Adjusted odds ratio 

ATS: American Thoracic Society 

AQLQ: Asthma quality of life questionnaire 

AusDiab: Australian Diabetes, Obesity and Lifestyle 

BMI:  Body mass index 

CAT: COPD Assessment Test 

CI: Confidence interval 

COPD: Chronic obstructive pulmonary disease 

CPM: Count per minutes 

ERS: European Respiratory Society 

FeNO: Fractional exhaled nitric oxide levels 

FER: Forced expiratory ratio (FEV1/ FVC) 

FEV1: Forced expiratory volume in the first second 

FVC: Forced vital capacity 
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GINA: Global Initiative for Asthma 

GOLD: Global Initiative for Chronic Obstructive Lung Disease 

GORD: Gastroesophageal reflux disease 

HRCT: High resolution computed tomography 

HRQoL: Health-related quality of life 

Hs-CRP: High sensitivity C-reactive protein 

ICS: Inhaled corticosteroids 

ICU: Intensive Care Unit 

IFN γ: Interferon gamma 

IgE: Immunoglobulin E 

IL: Interleukin 

ILC2: Innate lymphoid cells type 2 

IQR: Interquartile range 

Kcal: Kilocalories 

Kg: Kilogram 

Mcg: Micrograms 

METs: Metabolic equivalent of task 

Ml: Millilitre 

Mg: Milligram 
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mMRC: Medical Research Council 

MVPA: Moderate and vigorous physical activity 

NAEPP: National Asthma Education and Prevention Program 

NHANES: National Health and Nutrition Examination Survey 

LABA: Long-acting β2-agonist 

LAMA: Long-acting anti muscarinic antagonists 

OAD: Obstructive airway diseases 

OR: Odds ratio 

OSA: obstructive sleep apnoea 

PA: Physical activity 

SABA: Short acting β2 agonist 

SD: Standard deviation 

SGRQ: Saint George Respiratory Questionnaire 

TGF-β: Transforming growth factor beta  

TH2: Type 2 helper  

TNF-α: Tumour necrosis alpha 

WHO: World Health Organisation 

6MWD: six-minute walked distance 

6MWT: six-minute walk test 
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ABSTRACT AND SYNOPSIS 
 

Severe asthma, chronic obstructive pulmonary disease (COPD) and bronchiectasis are well-

recognised public health priorities by the World Health Organisation. People affected by 

these obstructive airway diseases (OAD) can suffer from considerable impairment in their 

quality of life due to the high burden of symptoms, exacerbations/lung attacks, and 

associated morbidity. All of these shared characteristics may also be detrimental to the 

person’s ability to carry out activities of daily life, and are likely to lead to a vicious circle of 

physical activity reduction and deconditioning that will impair health-related quality of life. 

In the general population, engaging in healthy levels of physical activity and reducing 

sedentary time have been regarded as highly beneficial in the prevention and treatment of 

several chronic diseases. In COPD, the impairment in these behaviours has been widely 

characterised and the importance of addressing them as part of disease management is 

recognised and accepted. However, in severe asthma and bronchiectasis, the 

characterisation of physical activity and sedentary time and the role of optimising these 

behaviours in disease management is largely under-researched.  

In this Thesis, I characterise the degree of physical activity levels and sedentary time in a 

severe asthma population and examined whether the activity levels were comparable to that 

found in moderate to severe COPD and bronchiectasis. I also investigated the associations 

between physical activity levels, pulmonary and extrapulmonary characteristics, and health-

related quality of life in these diseases. In my studies I found that compared to people 

without respiratory diseases, people with severe asthma engage in lower levels of moderate 

and vigorous intensity physical activity but similar levels of sedentary time. Better 

parameters in both behaviours were associated with better disease features, including 

exercise capacity, asthma control, and systemic inflammation. When comparing these results 
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with bronchiectasis and moderate to severe COPD populations, I found that lower levels of 

physical activity is a shared behavioural characteristic of people with OAD, albeit to a lesser 

degree in severe asthma and bronchiectasis. Shared pulmonary characteristics differed 

between diseases but nevertheless, exercise capacity and airflow limitation explain an 

important proportion of physical activity levels in OAD. Finally, I demonstrate that physical 

activity and other extrapulmonary characteristics including skeletal muscle strength and 

comorbidities, are statistically and clinically associated with health-related quality of life in 

bronchiectasis and severe asthma. The associations were stronger for the activity and impact 

domain and suggest that health-related quality of life in these diseases could be improved by 

addressing these extrapulmonary characteristics.  

The findings of this Thesis have extended our knowledge of the characterisation of physical 

activity and sedentary time in severe asthma and bronchiectasis. Lower levels of physical 

activity are a prevalent feature in OAD populations and should be considered as a treatable 

extrapulmonary risk factor for the management of several disease outcomes not only in 

COPD, but also in severe asthma and bronchiectasis populations. 
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1. Chapter 1: Obstructive Airway Diseases and Activity 
Behaviours: Background 

In Part 1 of this chapter, I present a description of the diseases of severe asthma, COPD and 

bronchiectasis in terms of definitions, prevalence, burden of the disease, pathogenesis, 

diagnosis and treatment; followed by an overview of why the assessment of physical activity 

may be important in these diseases. In part 2 of this chapter, I will provide a thorough 

description of the movement behaviours physical activity and sedentary time, and the 

current state of research of the characterisation of these behaviours in COPD and 

bronchiectasis. A published literature review of these behaviours in asthma is included in 

Chapter 2. 

Part one 

1.1. Obstructive Airway Diseases 

Definition of the term obstructive airway diseases 

The term obstructive airway disease (OAD) is related to chronic respiratory conditions that 

affects the lower respiratory airway. The present thesis will focus on the common obstructive 

airway diseases of severe asthma, COPD and bronchiectasis.  

The cardinal feature of OAD is airflow limitation during exhalation, which may or may not be 

reversible, either spontaneously or with the use of bronchodilator medication. In healthy 

people, after a maximal inhalation, more than 70% of the inspired air can be exhaled in the 

first second of exhalation. In the case of OAD, the air is trapped within the lungs, exhalation 

time is prolonged, and less than 70% of exhaled air can be exhaled in the first second. This 

results in an increased work of breathing and clinical symptoms of OAD. In clinical practice, 

spirometry is the most widely used and reproducible lung function test to diagnose and 

monitor OAD. The spirometry findings for OAD are defined as a forced expiratory volume in 
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the first second (FEV1) below 80% of the predicted for matched healthy population (FEV1 < 

80%), and a FEV1/forced vital capacity (FEV1/FVC) ratio below 0.71, 2. In asthma, especially in 

mild and moderate asthma, the airway obstruction is reversible either spontaneously or after 

therapy. Reversibility of these parameters is defined as an increase equal to or greater than 

200ml and 12% in FEV1, post administration of 200-400 mcg of short acting β2 agonist (SABA), 

such as Salbutamol1, 3. 

In addition to the obstructive pulmonary findings, the aforementioned OAD share several 

clinical, functional and biological features. Symptoms such as cough, dyspnoea, sputum 

production, impaired exercise tolerance, and activity limitation are common characteristics 

among people with OAD4. Exacerbations are also common in these populations, impacting 

prognosis1, 2, 5 and potentially leading to a more pronounced lung function decline6-9. 

Biological characteristics such as systemic and airway inflammation are also common and 

impact comorbidities and treatment responsiveness10-13. These pulmonary and 

extrapulmonary characteristics have a high negative toll on the health status of people with 

OAD, affecting their physical, mental, emotional and social spheres, and therefore impairing 

their quality of life14-16. 

Overlap among asthma, COPD and bronchiectasis has been widely described. Physician-

diagnosed concurrence of asthma and COPD has been estimated to range between 15 and 

20% of patients17. This coexistence is associated with more frequent exacerbations and 

higher health care use, poorer quality of life, and an accelerated decline in lung function17-19. 

Bronchiectasis also frequently overlaps with severe asthma and COPD5, 20-24, but its 

consequences are less well studied. A recent review found that the overlap with moderate-

severe COPD ranges from 4% to 72%, and around 20% and 30% in severe or uncontrolled 

asthma15. 
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Severe asthma, COPD and bronchiectasis are well recognised as public health priorities by 

the World Health Organization (WHO)25. In Australia, asthma is one of the nine National 

Health Priority Areas since 199926. According to the Australian Burden of Disease Study 2011, 

respiratory conditions were ranked as the sixth leading contributor to total burden of disease 

and injury. COPD and asthma were the highest contributors for this burden (46% and 29% of 

the total burden of all respiratory conditions, respectively)27. The definitions, pathogenesis, 

treatments, and burden of these diseases will be individually discussed through this chapter. 

Since these diseases share many common features, which may relate to the common 

defining characteristic of expiratory airflow limitation, in section 1.1.1.4 I will explore the 

proposed label-free approach to OAD management and focus on the question whether 

physical activity may be a treatable trait in OAD.
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1.2. Asthma and Severe Asthma 

1.2.1. Definition, prevalence, and disease burden.  

Asthma definit ion 

The Global Initiative for Asthma (GINA) has described asthma as “a heterogeneous disease, 

usually characterised by chronic airway inflammation. It is defined by the history of 

respiratory symptoms such as wheeze, shortness of breath, chest tightness and cough that 

vary over time and in intensity, together with variable expiratory airflow limitation”1.   

Symptoms are often worse at night or on waking, and can be also triggered by exercise, 

exposure to irritants or allergens, weather changes or viral respiratory infections. These 

symptoms may vary in intensity, and they are usually reversible, either spontaneously or with 

the use of medication. Asthma is frequently associated with atopy, and can develop in both 

childhood and throughout the lifespan1. 

Asthma prevalence 

It has been estimated that asthma affects as many as 334 million people worldwide28. The 

incidence and prevalence of the disease varies between geographical regions (Figure 1-A). 

According to the World Health Survey 2002-2003, the highest prevalence of asthma 

symptoms in adults was observed in Australia, Northern and Western Europe and Brazil29.  
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Extracted from (29): To et al. Global asthma prevalence in adults: findings from the cross-sectional world health 
survey. BMC Public Health. 2012. Figure 1, page 6. http://creativecommons.org/licenses/by/2.0. No changes made 

 

In Australia, it has been estimated that in 2015, 2.4 million people (9.9% of the population) 

had a diagnosis of asthma, and that by 2020 this figure will increase to three million people30.  

Asthma burden 

Mortality and health-related costs 

A study analysing the WHO Mortality Database (1993-2012 period) from 46 countries, 

reported that the mortality rates in the age group 5-34 years old have plateaued since 200631. 

According to the Australian Bureau of Statistics, the number of deaths in Australia due to 

asthma as an underlying cause was 421 and 455 people in 2015 and 2016, respectively. About 

76.1% of those deaths occurred in people aged 65 years and older. Additionally, it was 

reported that in 2016, 69% of those deaths occurred in females (312 asthma-related deaths 

in females compared to 143 in males). Females aged 75 and over were three times more 

Figure 1-A: Worldwide prevalence of clinical asthma. 

http://creativecommons.org/licenses/by/2.0
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likely to die from asthma than their males counterparts32. The total government costs for 

2016-2019 are projected to be $4.0 billion30. 

Comorbidities 

Asthma has been associated with the presence of several comorbidities, including mental 

health conditions (i.e. anxiety, depression), allergic rhinitis, rhinosinusitis, food allergies and 

anaphylaxis, gastro-oesophageal reflux disease (GORD), obstructive sleep apnoea (OSA) and 

obesity1. The concurrent management of this comorbidities is recommended in order to 

avoid further disease burden, with the consequent impairment in quality of life1.  

Severe asthma definit ion 

Severe asthma is a subset of difficult-to-treat asthma, which is defined as asthma that 

remains uncontrolled despite treatment with high-dose inhaled glucocorticoids or other 

controllers, or that requires such treatment in order to be controlled. Patients with "difficult-

to-treat-asthma" are regarded as having severe asthma when issues such as inhalation 

technique, adherence to treatment, and management of conditions and triggers that may be 

impacting on asthma control have been addressed, and therefore have been excluded as a 

contributing factor of symptoms33. 

The current definition of severe asthma, proposed by The “International European 

Respiratory Society/American Thoracic Society (ERS/ATS) Taskforce on definition, evaluation 

and treatment of severe asthma” defines severe asthma as “asthma which requires 

treatment with guideline suggested medications for GINA steps 4–5 asthma (high dose 

inhaled corticosteroids (ICS) and long-acting β2-agonist (LABA) or leukotriene 

modifier/theophylline) for the previous year or systemic corticosteroids for ≥50% of the 

previous year to prevent it from becoming ‘‘uncontrolled’’ or which remains ‘‘uncontrolled‘‘ 
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despite this therapy’’33 Synonyms of this definition include severe refractory asthma or 

severe treatment-resistant (or refractory) asthma. 

Asthma control relates to the extent to which certain characteristics are present in a patient. 

This includes an interrelationship between the presence, frequency and intensity of asthma 

symptoms, the presence (or risk of occurrence) of exacerbations that worsen prognosis, 

and/or the degree of lung function impairment34.  

The ERS/ATS taskforce guideline defines uncontrolled asthma with the presence of at least 

one of the following criteria33:  

• Poor symptom control: scores in the Asthma Control Questionnaire35 (ACQ) or 

Asthma Control Test (ACT)36 >1.5 or <20, respectively. Alternatively, scoring as “not 

well controlled” in the National Asthma Education and Prevention Program 

(NAEPP)/GINA guideline. An example of a person with score higher that 1.5 in the 

ACQ would be someone that during the past week was: woken up at night a few 

times by asthma symptoms, woken up in the morning with mild symptoms, was 

limited slightly in daily activities due to symptoms, experienced a little shortness of 

breath and wheeze, had on average a least 1-2 puffs of SABA each day35. 

• Frequent severe exacerbation: defined as having two or more bursts of systemic 

corticosteroids (>3 days each) in the last 12 months. 

• A serious exacerbation: defined as having at least one hospitalisation, Intensive Care 

Unit (ICU) stay or mechanical ventilation in the previous year. 

• Airflow limitation: defined as FEV1 < 80% after appropriate bronchodilator withhold 

and in the presence of a FEV1/FVC below normal parameters. 

• Controlled asthma that worsens with the reduction of the high doses of inhaled 

corticosteroids or systemic corticosteroids (or additional biologics). 
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Severe asthma shares some common features with milder forms of the diseases, including 

symptoms (breathlessness, wheezing, cough, chest tightness), and daily variability of these 

symptoms (worse at night and early in the morning). However, in people with severe asthma 

symptoms may be ongoing and more intense (e.g. unable to sleep due to asthma symptoms 

versus hardly ever waking up at night due to asthma). The variability of the symptoms during 

the day can also change towards a more persistent pattern due to the development of 

incomplete reversibility of airflow limitation. As such, in people with severe asthma 

breathlessness thorough exercise can be a more prominent feature than the exercise-

induced bronchoconstriction observed in milder and moderate disease. The intensity and 

frequency of these symptoms contributes to the fact that exacerbations or lung attacks are 

common in people with severe asthma. These exacerbations or attacks can vary from having 

a mild increase in the normal frequency/intensity of symptoms, to that which requires 

medication with oral corticosteroids, hospitalisation or even treatment in intensive care 

units. As such, self-management education that promotes prompt recognition of worsening 

of symptoms and timely treatment is important. After an exacerbation or attack, it is also 

important that the patient’s asthma management plan is reviewed by the treating physician. 

This would help to identify possible triggers and would guide the adjustment of treatment, 

and adoption of preventive measures. 

 

Severe asthma prevalence 

The prevalence of the disease has been estimated as 3.6 to 8.1% of the total asthma 

population according to studies carried out in The Netherlands37 and Denmark38, respectively 

(Figure 1-B). It is currently unknown what is the prevalence of severe asthma in Australia39, 

but there are estimates of the prevalence of uncontrolled asthma. In a cohort of 2868 people 
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with current asthma aged 16 years old or older (57.1% female; median age group, 40-49 

years), 22.7 and 23% of people respectively were categorised as having either “not well 

controlled” or “very poorly controlled” asthma, according to the ACT score 40.  

 

Severe asthma burden 

Mortality and health-related cost 

Mortality rates in people with severe asthma have not been widely addressed. Data from a 

long-term severe asthma cohort on long-term oral corticosteroid treatment (20 years follow-

up; n=52; 37.5% female; aged [mean ± standard deviation [SD] 49.9±18.9 years) showed that 

from the 26 deaths observed, 38% were attributable to a fatal asthma attack. The authors 

also reported that the median (interquartile range [IQR]) time in years until death was 9 (3-

13) years, and that mortality predictors were baseline poor asthma control and the number 

Figure 1-B: Pictogram of severe asthma prevalence according to Hekking et al.37 

High intensity treatment (orange + green + blue icons): 23.5% of all asthma patients; difficult to treat asthma 
(green + blue icons) (poor asthma control + high intensity treatment): 17.4% of all asthma patients; severe 
(refractory) asthma (blue icons = poor asthma control + high intensity treatment + good adherence + correct 
inhaler technique): 3.7% of all asthma patients. Purple icons: those asthma patients not on high intensity 
treatment (76.5%) Adapted from Severe Asthma Toolkit website: https://toolkit.severeasthma.org.au/ Used 
with permission. 

https://toolkit.severeasthma.org.au/
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of exacerbations during the first year of follow-up41. Similarly, in a longitudinal study from 

the USA (2-years average follow-up) higher severity of asthma scores and poorer perceived 

asthma control scores were both significantly associated with an increased risk of mortality 

in adults with severe atshma42. In Australia, a case-series analyses from 2013 also identified 

as risk factors for asthma death living in rural and remote location, history of psychosocial 

issues (social disengagement, mental illness, living alone, being unemployed), history of 

smoking, drug and alcohol dependence, allergies, respiratory tract infections, inadequate 

treatment and delayed treatment43. Lastly, and as previously stated in this section, according 

to the 2016 Australian report on asthma-related mortality, females between 55 and 74 years 

old were almost twice as likely (1.8) to die from asthma than males of the same age, while 

women aged 75 and older were three times (3.05) more likely to die from asthma than their 

males counterparts*32. While the higher prevalence of asthma in women from adolescence44 

is a phenomenon that has been attributed to hormonal changes45, 46, environmental and 

lifestyle (e.g. smoking, obesity) factors46, it remains unclear why this mortality trend in 

females compared to males exists47. 

An important proportion of the cost and resources required to effectively manage asthma 

are expended upon these 3 to 8.1% of people with severe disease, whose poor control 

persists despite treatment with high doses of inhaled corticosteroids and additional 

controllers. It has been estimated that severe asthma accounts for 60% of the healthcare 

costs due to asthma, and that the cost per severe asthma patient is ten times higher than in 

those with mild disease48. 

                                                           
 

* Data from the “Australian Bureau of Statistics (ABS) Customised Report 2016” 
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Health Status in Severe Asthma 

Compared to the general asthma population, the prevalence of comorbidities in severe 

asthma is even higher49, 50. For instance, in a study carried out by Shaw and colleagues where 

patients from 11 European countries were included (n=421 severe asthma),the proportion 

of people suffering from GORD in the non-smoking severe asthma, smoking severe asthma 

and moderate-mild asthma groups were 47%, 64% and 21%, respectively49. Similarly, the 

scores in the anxiety and depression symptoms questionnaire in people with severe asthma 

were almost twice as high compared to participant with milder disease49. The increased 

burden that severe asthma has on patients, compared to milder forms of the disease, has 

been recently characterised by McDonald and colleagues using the treatable treat approach. 

This approach characterises patients with chronic airway diseases based on the presence of 

measurable and potentially treatable characteristics that have an impact on patients’ 

prognosis (this approach will be further discussed in section 1.6)51. Using data from The 

Australasian Severe Asthma Web-based Database, McDonald and colleagues concluded that 

people with severe asthma presented a statistically significantly higher prevalence of 

treatable traits than people with non-severe disease, including being more prone to: 

exacerbations, obesity, OSA, depression, systemic inflammation, and GORD. The study also 

found that several of these traits were significantly associated with an increased risk of 

exacerbation, with depression, OSA, and previous exacerbation some of the better predictors 

of future exacerbations52. The risk of severe exacerbations is also higher in people with 

severe asthma. In the described study, 24% of participants with severe asthma had an 

emergency visit due to exacerbation in the last year compared to the non-severe group that 

had 3.9%, and 22.1% of patients with severe asthma had a hospitalisation compared to 2% 

in the milder group52. Similarly, Shaw and colleagues reported that people with severe 
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asthma and people with mild/moderate asthma had a mean of 2.5 and 0.4 exacerbations, 

respectively49.  

As a result of this high pulmonary and extrapulmonary morbidity burden, which includes 

associated comorbidities and symptoms, patients with severe asthma experience important 

impairments in their health-related quality of life (HRQoL) in comparison with less severe 

forms of the disease14, 49. Literature on patients' perspectives of the disease supports the 

findings of clinical research on health status, and extends this knowledge beyond the 

characterisation of clinical characteristics, highlighting the impact that the disease has on 

patients’ lives, on their relatives and on their close community53. A systematic review 

evaluating patient’s perspectives concluded that severe asthma was disempowering for 

patients and a threat to their identity and life roles54. The high personal toll also includes 

other spheres of their life including their employment performance55, functional and activity 

limitations56, and the burden of treatment (mostly associated with the frequent consumption 

of oral corticosteroids)53, 54. Regarding this last issue, it is important to note that in addition 

to the burden associated with the dependency on several medications for the control of their 

symptoms, people with severe asthma are at risk of developing several health complications 

related to the use of systemic corticosteroids. These can include metabolic disorders, 

depression, and bone density abnormalities57. 

1.2.2. Pathogenesis of severe asthma 

Variable airflow limitation is one of the critical features of asthma, and results in the 

characteristic symptoms of wheezing, shortness of breath, coughing and chest tightness. The 

narrowing of the airway is the result of a complex interaction between key pathobiological 

features such as airway inflammation, airway hyper-responsiveness, airway remodelling and 

mucus hypersecretion. Asthma is a complex and heterogeneous condition, since the clinical 
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spectrum of patients and their responsiveness to medication varies according to the degree 

of the presence of the mentioned pathophysiological features1.  

Severe asthma presents the same pathophysiological mechanisms described in asthma: 

airway inflammation, airway hyperresponsiveness and airway remodelling. The severity of 

the symptoms and non-response to traditional pharmacological measures are due to a more 

persistent, heterogeneous and intricate combination of inflammatory mechanisms and to 

the pathophysiological features resulting from these, including airway remodelling with its 

consequent incomplete reversibility of airflow limitation58.  

Inflammation 

The characterisation of the inflammatory phenotypes in severe asthma has been recognised 

as a clinically relevant issue, since these will determine the response to different treatments, 

including corticosteroids and biological agents, and the possible effects on physiological 

characteristics (e.g. mucus production and remodelling). Recognised inflammatory 

phenotypes are: 

• Persistent type-2 inflammation: The type-2 inflammation is characterised by the 

presence of cytokines (interleukin (IL)-4, -5 and -13) produced by type 2 helper T (TH2) 

cells or innate lymphoid cells type 2 (ILC2) as an immunologic response to allergens 

and non-allergic agents, including infectious agents and irritants. IL-13 plays a role in 

promoting hyper-responsiveness, remodelling and mucus production. IL-4 and -5 

drive the production of Immunoglobulin E (IgE) and eosinophils, respectively. These 

cytokines are also involved in the activation of mast cells, which also induce airway 

smooth-muscle contraction, remodelling, mucus secretion and an amplification of 

the inflammatory process34. There is usually an allergic component associated with 

this inflammatory type. Nevertheless, unlike in milder types of asthma, in severe 
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asthma the mechanisms driving the type-2 inflammatory process may not be 

necessarily related to IgE production nor allergy59. Type-2 inflammation is also 

associated with airway eosinophilia (≥3% of eosinophils in sputum sample60), which 

is considered a marker of greater disease severity61, including poorer lung function 

and near-fatal asthma attacks59.                                                                                         

The type-2 inflammatory pattern is the most prevalent inflammatory mechanism in 

asthma and in severe asthma59. A clearer clinical difference between asthma 

severities in regards of this phenotype, is that in milder types of asthma people with 

the type-2 inflammatory phenotype are responsive to the use of 

glucocorticosteroids, and therefore the inflammatory process resolves after 

treatment34. In severe asthma, however, the persistence of this inflammatory 

pattern (i.e. sputum eosinophilia) indicates a suboptimal response to 

glucocorticosteroids, which may be due to the impairment of the mechanisms that 

regulate the inflammatory reaction58. The clinical importance of this inflammatory 

pattern in relation to treatment with monoclonal antibodies will be discussed in the 

treatment section (Section 1.2.4). 

• Neutrophilic inflammation (Non-type 2 inflammation): this type of inflammation is 

less well characterised in asthma both in terms of its mechanism and its clinical 

implications. However, it is an inflammatory pattern that has been associated with 

more severe disease62, less response to corticosteroids and lower lung function34. It 

has been proposed that relevant mechanisms driving this inflammation are Type-1 

TH1 cells which produce interferon gamma (IFN)γ, or IL-17-producing TH17 cells. 

Sputum neutrophilia is defined as the presence of ≥60% neutrophils in induced 

sputum samples63. 
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• Mixed inflammation: this is a less common type of inflammation, and it is defined by 

the persistence of a combination of eosinophilia and neutrophilia in sputum. This 

inflammatory pattern has been associated with higher disease burden and airflow 

limitation. The cytokines involved are IL-6 and IL-17, which concurrently promote the 

production of TH2 and TH17 cells resulting in the presence of both inflammatory 

patterns34. 

• Paucigranulocytic (An absence of inflammatory granulocytes): this pattern is defined 

by the absence of eosinophilia and neutrophilia in sputum, and it is also less common 

than the type 2 and non-type 2 inflammatory phenotypes34.  

Airway hyper-responsiveness 

Airway hyper-responsiveness is a hallmark of asthma and defined as an increased reactivity 

of the smooth muscle in the airway wall to different exogenous and endogenous stimulus (e. 

g. allergens, virus or exercise) that results in airway narrowing. These exposures trigger an 

exaggerated release of inflammatory mediators in the airway (mostly type-2 inflammatory 

mediators such as IL-13 and mast cells) which in addition to causing inflammation and airway 

oedema, also act on local nerves and smooth muscle cells of the bronchi prompting 

bronchoconstriction and the consequent airway narrowing64.  

Airway remodelling and mucus hypersecretion  

Airway remodelling and mucus hypersecretion can also be present in a patient’s airways and 

are usually more intense in patients with severe asthma. These structural changes are driven 

by repeated airway insults and chronic inflammation associated with asthma, which may 

alter the normal airway repair process59. Remodelling of the airway wall includes 

subepithelial fibrosis65, increased airway smooth muscle (because of these cells’ hypertrophy 

and hyperplasia which leads to increased thickness of the airway wall), and increased blood 
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vessels in airway walls. These changes, which have been associated with the presence of 

persistent eosinophilic inflammation66, 67, airway hyper-responsiveness68 and 

bronchoconstriction65, may result in incomplete reversibility of the characteristic airway 

obstruction and cause fixed airflow limitation, contributing to the long-term lung function 

decline68. Additionally, the alteration of the mucus secreting mechanisms leads to mucus 

hypersecretion68 and the concomitant build-up of mucus in the airway. This also contributes 

to airflow limitation. 

1.2.3. Diagnosis and classification 

The diagnosis of asthma is achieved after performing a physical assessment and taking a 

thorough history in relation to the presence and patterns of respiratory symptoms. It is 

objectively assessed by the demonstration of variable expiratory airflow limitation, 

ultimately through assessment of pre- and post-bronchodilator spirometry, and by the 

assessment airway hyperresponsiveness through bronchial provocation tests, either using 

direct  bronchoconstriction challenges, such as methacholine, or indirect challenge using 

mannitol or hypertonic saline1. Pre/post bronchodilator spirometry findings consistent with 

asthma in adults are an improvement of baseline values in FEV1 and/or FVC higher than 12% 

and 200mL at least 15 minutes post administration of 200-400 mcg of short acting β2 agonist 

bronchodilator treatment1, 3. 

The ERS/ATS guidelines on severe asthma recommend a systematic approach for the 

diagnosis of the condition33. This approach includes: 

Confirming asthma diagnosis and identify difficult-to-treat asthma: through a thorough 

history of asthma symptoms, triggers (environmental and occupational factors), pulmonary 

function test, and identification and management of contributing factors. Comorbidities 

(such as OSA, GORD, mental health problems), aggravating factors (such as smoking, 
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occupational exposure to irritants, obesity, allergens exposure), and disease management 

issues (such as availability and adherence to treatment, inhaler technique) are contributing 

factors that need to be identified and addressed before considering a severe asthma 

diagnosis.  

Differentiate severe asthma from milder asthma: after contributing factors have been 

addressed, severe asthma is diagnosed in people who have been using high intensity 

treatment in the previous year (high dose inhaled corticosteroids plus either LABA or 

leukotriene modifier/theophylline, or systemic corticosteroids for over 50% of the last year) 

in order to avoid their asthma becoming uncontrolled. 

Is severe asthma controlled or uncontrolled?: Uncontrolled asthma is defined by the presence 

of at least one of the following parameters: ACQ35  or ACT36 scores of >1.5 or <20 respectively, 

or by frequent (≥2) severe exacerbations in the last year with use of oral corticosteroid, or by 

serious exacerbation (hospitalisation, ICU stay or mechanical ventilation) in the last year, or 

by airflow limitation (FEV1 < 80%) after appropriate bronchodilator withhold. People with 

uncontrolled asthma while on high intensity treatment (as described above) and in whom 

aggravating factors have been addressed, or those people with controlled or partially-

controlled asthma whose control worsen at the reduction of corticosteroid treatment, are 

considered as having severe asthma. 

The heterogeneity of severe asthma is demonstrated by its variation in clinical presentations, 

pathobiological, physiological characteristics and outcomes. An example of this was reported 

by authors in the Severe Asthma Research Program, who proposed to classify adult patients 

with asthma into five different clusters of the disease predominantly based on clinical 

characteristics69: 
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• People with early onset atopic: They identified three groups of mild (Cluster 1), 

moderate (Cluster 2) and severe asthma (Cluster 4), according to reductions in lung 

function, medication needs, and frequency of exacerbations. This is the most easily 

recognised asthma phenotype which usually responds well to oral corticosteroids. 

These clusters are associated with type-2 inflammation (mediated by IgE and 

eosinophils). 

• A late-onset, obese and non-atopic cluster (Cluster 3): which is most common in 

older females displaying moderate FEV1 baseline reductions and frequent oral 

corticosteroid use to control exacerbations. This cluster has been associated with 

persistent type-2 eosinophilic inflammation70. 

• Adults with late-onset but long-duration and with very severe asthma symptoms 

(Cluster 5), who are likely non-allergic, and that have features of fixed airflow 

limitation or decreased reversibility.  

Both, Cluster 4 and 5 fulfil the criteria of the severe asthma definition, and they mostly differ 

in their allergic status, and in their baseline lung function parameters and reversibility 

patterns.  

In addition to the reported cluster classification69, asthma can be also classified according to 

its inflammatory phenotype. Some identified phenotypes include71: allergic asthma (driven 

by type-2 inflammation/IgE), eosinophilic asthma (type-2 inflammation/IL5) and non-

eosinophilic asthma. The relevance of this classification lies in the potential ability to predict 

response to asthma treatment, such as corticosteroids, monoclonal antibodies or macrolides. 

The Centre of Excellence in Severe Asthma has recently developed a checklist to aid with the 

characterisation and diagnosis of severe asthma72 (Table 1-1). 
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Table 1-1: Severe asthma checklist: for diagnosis and classification. 

From (69) https://www.severeasthma.org.au/severe-asthma-checklist/. ICS: Inhaled corticosteroids; LABA: long-
acting β2 agonist; OSA: obstructive sleep apnoea; GORD: gastro-oesophageal reflux; FeNO: fractional exhaled 
nitric oxide levels. Extracted from the Severe Asthma Toolkit. Used with permission. 

 

1.2.4. Treatment  

Asthma treatment  

Long-term asthma management focuses on achieving good symptom control, minimising 

future risk of exacerbation, fixed airflow limitation and treatment side-effects. This is 

achieved through the continuous assessment of: treatment prescription and adherence to 

Clinical question Assessment 

Has the diagnosis been 

confirmed? 

Clinical history and objective evidence of variability on 

symptoms and lung function. 

Is it severe? Positive history of: poor control, airflow obstruction, 

frequent exacerbations or life-threatening episodes 

Is treatment optimal? Treatment with: high dose of ICS and LABA or other 

controller, or moderate dose ICS and ≥2 controller 

Are self-management skills 

optimal? 

i.e.: inhaler technique, adherence, monitoring, written 

action plan. 

Are trigger factors 

identified and managed? 

i.e.: allergens, cigarette smoke, emotional stress, respiratory 

viral infection. 

Is co-morbidity identified 

and managed? 

i.e.: sino-nasal disease, dysfunctional breathing, OSA, 

Anxiety and/or Depression, GORD, obesity. 

What is the pattern of 

airway inflammation? 

i.e.: Eosinophilic (sputum assessment, FeNO, blood 

eosinophils), Neutrophilic (sputum assessment).  

What is the optimal 

individualised management 

plan? 

Developed with evidenced based interventions that target 

clinical issues identified during a systematic and 

multidimensional assessment, in partnership with patients 

and clinicians, considering patient preferences. 

https://www.severeasthma.org.au/severe-asthma-checklist/
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therapy, and with appropriate self-management education (including correct use of inhalers 

and written-action plans, self-monitoring of symptoms, and avoidance of triggers) There is 

increasing recognition of the importance of developing a patient-health care provider 

partnership, to achieve better treatment outcomes1. 

Pharmacotherapy is escalated based on symptoms, risk of exacerbations and lung function, 

and back titrated as these outcomes improve (stepped approach). Asthma pharmacotherapy 

includes inhaled corticosteroids  and bronchodilator therapy1. Figure 1-C presents the Global 

Initiative for Asthma stepwise approach for adjusting treatment in adults. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Reproduced from (1): Global Strategy for Asthma Management and Prevention, 2018. Box 3-5, Page 44. Used with 
permission. Information related to children has been omitted. # Low dose ICS/formoterol is the reliever medication 
for patients prescribes low dose budesonide/formoterol or low dose formoterol maintenance and reliever therapy.  

 

 

Figure 1-C: Step-wise approach to control symptoms and minimise future risk. 
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Severe asthma treatment  

The management of severe asthma should involve a multidisciplinary team73, and should 

include the systematic assessment and management of airway, comorbidities and risk 

factors74. Referral to tertiary care and severe asthma clinics are paramount for the 

assessment of symptoms, biological characteristics, exposure to triggers and associated 

comorbidities in severe asthma74 (Refer to Table 1.1 in section 1.2.3).  

In terms of medication targeting the airway, pharmacotherapy moves away from the stepped 

approach, and focuses on more individualised therapy targeted to specific traits identified in 

patients. By definition, patients with severe asthma have already reached maximum 

treatment levels as defined in the step approach. Patients with severe asthma are commonly 

treated with high dose inhaled corticosteroids (≥1000 mcg of beclomethasone or equivalent) 

and LABA (GINA step 4). Add-on therapies (GINA step 5) such as leukotriene receptor 

antagonists, theophylline, long-acting anti muscarinic antagonists (LAMA), and monoclonal 

antibody therapies could be prescribed and reassessed by a respiratory physician if 

required33. The characterisation of the asthma inflammatory phenotype guides the 

prescription of monoclonal antibody therapies75, such as anti-IgE (Omalizumab) for severe 

allergic asthma, and anti-IL5 (Mepolizumab) for eosinophilic severe asthma. Treatments for 

non-eosinophilic asthma may include LABA, LAMA, theophylline or macrolides76 (Figure 1-D). 

Bronchial thermoplasty is a non-pharmacological measure aimed at reducing the bulk of 

airway smooth muscle and thereby reducing the potential for airway constriction. Its use in 

severe asthma should follow an Institutional Review Board-approved systematic registry or 

clinical study33 
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Extracted from the Severe Asthma Toolkit website: https://toolkit.severeasthma.org.au/ Used with permission. 
IgE: Immunoglobulin E; LABD: long-acting bronchodilator; LABA: long-acting β-agonist, LAMA: long-acting 
muscarinic antagonist. 

 

Comorbidities including sino-nasal disease, anxiety and depression disorders, GORD and 

obesity, are common in severe asthma52. Their assessment and treatment can result in 

improvements in asthma features and quality of life of patients73. 

The assessment and management of risk factors including smoking, allergens, and others 

triggers, and poor self-management should also be considered. The GINA guidelines 

recommend that people with asthma should engage in regular physical activity for its general 

health benefits, and as a coadjutant for the management of obesity1. Further analysis of this 

rationale will be provided in Chapter 2. 

Figure 1-D: Choice of treatment according to inflammatory phenotypes in severe asthma. 

https://toolkit.severeasthma.org.au/
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The participation of patients in pulmonary rehabilitation programmes has been less widely 

studied in asthma compared with COPD or bronchiectasis77-80. Nevertheless, it has been 

suggested that exercise training has several benefits on asthma control, exercise capacity81-

84, airway inflammation85 and quality of life81, 86. Studies assessing people with moderate to 

severe asthma, have also found that exercise training may have a positive impact on systemic 

inflammation, airway hyper-responsiveness, and quality of life. A positive impact of exercise 

training on asthma control and airway inflammation has also been reported in patients with 

worse asthma control82, 87. Despite this evidence, studies evaluating the inclusion of patients 

with severe asthma in pulmonary rehabilitation programmes are scarce88. The fact that 

severe asthma patients are less likely to be referred to these programmes (compared with 

patients with mild to moderate asthma) may be secondary to this scarcity. It is worth nothing 

however, that the only recommendation in the GINA guidelines regarding the referral to 

pulmonary rehabilitation programmes, is made for patients with features of asthma and 

COPD overlap1. Despite this, the current Official ATS/ERS Statement on Pulmonary 

Rehabilitation states that there is now more evidence to support the inclusion of patient with 

asthma in pulmonary rehabilitation programmes89. 
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1.3. Chronic Obstructive Pulmonary Disease (COPD) 

1.3.1. Definition, prevalence and disease burden 

Definit ion  

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD), COPD is 

defined as a “…common, preventable and treatable disease that is characterised by persistent 

respiratory symptoms and airflow limitation that is due to airway and/or alveolar 

abnormalities usually caused by significant exposure to noxious particles or gases”2. 

COPD is a serious and progressive lung disease, characterised by airflow limitation that is not 

fully reversible following bronchodilator medication. COPD is typically characterised by two 

respiratory pathophysiological features: small airway disease and parenchymal destruction2. 

The main respiratory symptoms of COPD include shortness of breath, initially with strenuous 

activities and later with minimal or no exertion, as well as cough and/or chronic bronchitis, 

and wheeze. Additionally, it is associated with significant extrapulmonary morbidity. Chronic 

respiratory symptoms may precede the development of airflow limitation, and they may also 

exist in absence of altered spirometric values90. Exacerbations, or the acute worsening of 

symptoms resulting in escalation of therapy, are also common in COPD, especially as airflow 

limitation increases91. According to severity, exacerbations could be mild, moderate and 

severe, with severe being those cases when patients require hospitalisation or visits the 

emergency room. Severe exacerbations are associated with poor prognosis and increased 

mortality92. 

Tobacco smoking is the predominant cause of COPD in the developed world. Other causes 

that have been associated with COPD include exposure to biomass fuel, outdoor and 

occupational air pollution, some respiratory infections during childhood, and chronic asthma. 

However, COPD also occurs in non-smokers or without the presence of these risk factors, 

indicating that genetic93 and/or other environmental factors may be involved94. 
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Prevalence 

Worldwide, the global prevalence of COPD in 2010 was estimated as 11.7%, with 384 million 

COPD cases95. These estimates come from large scale studies, such as the Burden of 

Obstructive Lung Disease94, which used standardised methodologies, including spirometry, 

for diagnosis. In Australia, between 2006 and 2010 the prevalence of GOLD stage II or higher 

COPD (FEV1 <80% predicted and lower) was 7.5% in people over 40 and 29.2% in people older 

than 7596.  

In Australia, the expenditure associated to COPD management in 2008 was $8.8 billion. Costs 

related to productivity loss due to un-employability, absenteeism and premature death 

accounted for 77% of this figure. Direct health care expenditure accounted for 10% or $0.9 

billion of this number97. 

Burden 

Mortality and health-related cost 

The Global Burden of Disease Study98 reported that in 2012 three million deaths, or 6% of 

global mortality, were due to COPD, positioning the disease as the fourth leading cause of 

death worldwide99. When compared to international figures, the Australian rate of death for 

COPD is lower than in other developed countries100. For instance, according to the World 

Ranking of COPD mortality rates for the period 2007-2011, the mortality rates for Australia, 

the United Kingdom (UK) and USA were approximately 80, 120 and 140 deaths per 100,000 

population, respectively100. Nevertheless, it still represents an important public health 

problem, especially in older people, and among people living in socioeconomically 

disadvantaged areas. In 2013, COPD accounted for 4.4% of all deaths among people of 55 

years old and older, positioning it as Australia’s fifth leading cause of death. In 2007-2011, 

the median age of death due to COPD was 81 years101.  
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Comorbidities 

COPD is associated with significant extrapulmonary comorbidities that can worsen disease 

severity. Common systemic effects include cardiovascular disease, diabetes mellitus and 

metabolic disorders, sleep disorders, skeletal muscle dysfunction, bone density alterations, 

weight loss and cachexia, anxiety and depression and progressive activity limitation due to 

breathlessness2, 102-104. People with COPD tend to rate their health status worse than people 

without the disease. According to the Australian Health Survey, 22% of people with COPD 

aged 45 years or over rated their health status as poor, compared to 6% of age-matched 

participants without COPD105. 

1.3.2. Pathogenesis of COPD 

The defining feature of COPD is persistent expiratory airflow limitation. Additional 

pathophysiological features include gas trapping and gas exchange abnormalities secondary 

to parenchymal tissue destructions, mucus hypersecretion, pulmonary hypertension, 

exacerbations and systemic morbidity. Important processes underpinning these 

pathophysiological changes include chronic inflammation, oxidative stress and 

protease/antiprotease imbalance. Persistent airflow limitation and parenchymal tissue 

destruction (resulting in emphysema) are the result of inflammatory and structural changes 

occurring in the airways, lung parenchyma, and pulmonary vasculature106. The narrowing of 

the small airways is caused by an amplified chronic inflammatory response to exogenous 

irritants (i.e. cigarette smoke, smoke from biomass fuel), a response is in part genetically 

determined. The inflammatory cells that play a major role in COPD are macrophages, 

neutrophils and T and B lymphocytes. The amplification of the inflammatory process and the 

induction of structural changes leading to the narrowing of the small airways and destruction 

of the lung parenchyma are closely related to inflammatory mediators released by these 
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inflammatory cells. Some of these inflammatory mediators include pro-inflammatory 

cytokines (such as tumour necrosis alpha (TNF-α), IL -1β and IL-6) and growth factors (such 

as transforming growth factor beta [TGF-β])107. Some patients will also present an increased 

number of eosinophils, TH2 and ILC2 cells, especially in those where clinical characteristics of 

asthma are overlapping with COPD108. An imbalance in the oxidative and antioxidant 

mechanisms108, 109 is also closely related to persistent inflammation and also play an 

important role in the pathogenesis of COPD. Oxidants are generated by exogenous irritants 

(i.e. smoke) and then released as a product of the abnormal inflammatory process108, 109. 

In addition to chronic inflammation, the destruction of the lung parenchyma is also due to an 

imbalance in the production of proteases (that break-down the lung connective tissue)109 and 

antiproteases (that counteract this break-down)110. The increased production in proteases, 

derived from inflammatory and epithelial cells, mediates the destruction of the elastin in the 

lung parenchyma, contributing to the development of emphysema110.  

Peribronchiolar and interstitial fibrosis is another pathological feature that is secondary to 

the inflammatory process and to the repeated injury of the airway, and that negatively impact 

on the development of small airways disease. 

Generally, the inflammatory and structural changes observed in the airways worsen with 

disease severity and persists after smoking cessation108. An important physiological 

abnormality in COPD, is hyperinflation111. Static hyperinflation (increase of end-expiratory 

lung volume) is the result of the reduced lung elastic-recoil due to emphysema in addition to 

the peripheral expiratory airflow limitation. Dynamic hyperinflation occurs when air is 

trapped within the lungs with each successive breath due to increased respiratory demands 

(i.e. exercise, exacerbations), reducing the inspiratory capacity and altering the contractile 
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properties of respiratory muscles. As such, it has an important role in dyspnoea and reduced 

exercise capacity, and physical activity engagement112-114.  

Elevated levels of systemic inflammation are reported to be prevalent in some COPD 

patients115, 116 and has been recognised as a contributor to the increased burden of 

comorbidities found in this condition117.  

1.3.3. Diagnosis and classification 

In their 2017 update, the GOLD guidelines recommend considering a clinical diagnosis in 

patients presenting with dyspnoea, chronic cough or sputum production, and/or a history of 

exposure to disease risk factors2. The diagnosis is confirmed by spirometry. A post-

bronchodilator FEV1/FVC <0.7 ratifies the presence of persistent airflow limitation2. The 

severity of airflow limitation, or GOLD classification, is presented in Table 1-2. 

 

Table 1-2: Classification of severity of airflow limitation in COPD. 

From (2) 

In order to address the multiple dimensions of the diseases, in their 2011 document the GOLD 

strategy implemented the “ABCD assessment tool”, which aimed to categorise patients 

based on their severity of airflow limitation (as per Table 1.2) but also taking into account the 

domains of symptoms (measured with the COPD Assessment Test [CATTM]), breathlessness 

(measured with the modified Medical Research Council [mMRC118]), and risk of exacerbation 

In patients with post-bronchodilator FEV1/FVC < 0.7 

GOLD 1 Mild FEV1 ≥ 80% predicted 

GOLD 2 Moderate 50% ≤ FEV1 <80% predicted 

GOLD 3 Severe 30% ≤ FEV1 <50% predicted  

GOLD 4 Very Severe FEV1 < 30% predicted 
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(according to previous exacerbations or hospitalisations due to exacerbations). However, due 

to some limitations noted, the 2017 GOLD guideline now proposes a refined version of the 

ABCD assessment tool, in which the A-D categorisation is derived exclusively from patients’ 

symptoms (measured either with CATTM or mMRC) and their exacerbation history. 

Spirometric classification (Gold 1-4) remains the cornerstone for diagnosis and management, 

but it is not considered for the ABCD classification. For instance, with this refined approach, 

a patient with a FEV1% predicted of 35, a CAT of 9 (i.e. mild clinical impact) and a severe 

exacerbation in the last year will be considered GOLD grade 3 - group C (number and letter). 

This new assessment approach highlights the importance of symptoms and exacerbation risk 

to effectively guide treatment in COPD, while acknowledges that the FEV1 is of limited utility 

when making treatment decisions for individualised patient care2. Figure 1-E explains the 

redefined ADCD approach2. 

 

                                                                                                                                                                                                                                                                                      

Reproduced from (2): Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2018. Figure 2.4,                          
page 33. Used with permission.

Figure 1-E: The redefined ABCD assessment tool. 
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Additional assessment tools proposed in the 2017 GOLD guidelines include blood eosinophils 

count and assessment of comorbidities. Despite acknowledging that further research is 

needed2, the use of blood eosinophils count as a surrogate of eosinophilic airway 

inflammation13 appears to have a predictive role as a marker of exacerbation risk and on the 

effect of inhaled corticosteroids for exacerbation prevention119, 120. This is mostly true in 

patients displaying an increased eosinophilic inflammatory pattern of the airway (TH2 

inflammation), a pattern associated with asthma-COPD overlap108, 121 and therefore, with 

increased treatment response to corticosteroid therapy122, 123. 

In terms of comorbidities, multidimensional assessment screening for comorbidities and risk 

factors have been proposed as a way to identify pulmonary and extrapulmonary treatment 

targets that aim to guide the design of personalised disease management124, 125 

1.3.4. Treatment 

The main goals of stable COPD management are to reduce symptoms and to reduce 

frequency and severity of exacerbations. Additional goals are to improve health status and 

exercise tolerance, to prevent disease progression, and to reduce mortality2. Therapeutic 

interventions that play and important role in the management of the disease include 

pharmacologic therapy such as bronchodilators, inhaled corticosteroids, vaccinations, and 

non-pharmacological interventions. These include self-management interventions, 

pulmonary rehabilitation, increasing levels of physical activity, and identification and 

reduction of risk factors, particularly smoking, which is one of the risk factors that has the 

greatest impact on disease aetiology, outcomes and progression2. Pharmacological 

treatment is recommended according to assessment of symptoms and risk of exacerbations 

(ABCD tool), and it is based on escalation and de-escalation of medication according to these 

outcomes. Table 1-3 shows the pharmacological treatment according to A-D assessment. 
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Table 1-3: Pharmacological approach according to ABCD assessment.  

From (2).SABA and LABA: short and long-acting bronchodilator; LAMA: long-acting muscarinic antagonist; ICS: 
inhaled corticosteroid. *preferred treatment. ^ For patients with findings suggestive of asthma-COPD overlap 
and/or high blood eosinophil count. # In case a single bronchodilator is chose as initial treatment. Further actions 
are considered for patients who still have exacerbations after treatment with LABA+LAMA+ICS.

Group Preferred 

treatment  

Effects to be 

evaluated 

Alternative 

treatment 

Further actions 

A SABA or LABA Dyspnoea  - - 

B LABA or LAMA Dyspnoea  LAMA + LABA - 

C LAMA Persistent  

exacerbation 

LAMA + LABA* or 

LABA + ICS 

- 

D LABA + LAMA 

LABA + ICS^ 

LAMA# 

Persistent  

exacerbation 

 

LABA+LAMA+ICS 

or LABA+ICS 

Macrolide 

Roflumilast (FEV1 

<50% predicted+ 

chronic 

bronchitis) 

Macrolide (in 

former smokers) 
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The participation in pulmonary rehabilitation programmes is considered a core component 

of COPD management, and it is associated with major improvements in outcomes commonly 

encountered in COPD patients, such as dyspnoea, exercise capacity, symptoms, skeletal 

muscle dysfunction, and health status. Pulmonary rehabilitation also leads to reduced health 

care utilisation in patients with COPD2, 89, 126. Exercise training is an important part of 

pulmonary rehabilitation. It commonly includes an endurance training component; most 

commonly in the form of cycling or walking127; and a resistance or strength training 

component128, targeting the upper and lower limb muscles. In addition to exercise training, 

pulmonary rehabilitation programmes have an important educational component aimed at: 

• the recognition of symptoms,   

• promotion disease management knowledge and self-management skills,  

• the provision of education and encouragement in health behaviour change aimed at 

the adoption of healthier behaviours (i.e. physical activity) and reduction of risk 

factors (i.e. smoking)89.  

Physical activity as a non-pharmacological intervention will be discussed in more detail later 

in this chapter.  

Additional non-pharmacological strategies include influenza vaccination for all patients >65 

years old, long term oxygen therapy for hypoxic patients when severity and exacerbation 

frequency increases, and education in end of life and palliative care2 options.  
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1.4. Bronchiectasis 

1.4.1. Definition, prevalence and disease burden 

Definit ion 

Bronchiectasis is a chronic pulmonary condition defined as an abnormal and permanent 

dilation and distortion of the bronchi and bronchioles, resulting from chronic inflammation 

of the airways, and leading to progressive destruction of the bronchial walls and lung 

parenchyma. This permanent bronchial damage can lead to a vicious cycle of bacterial 

infections and impaired mucus clearance129. Airflow limitation and cough with mucus 

hypersecretion are its main clinical features, but the condition is usually also associated with 

other impairments and comorbidities such as chronic rhinosinusitis, fatigue, dyspnoea, 

haemoptysis and thoracic pain130. 

The aetiology of bronchiectasis is multifactorial and may be difficult to ascertain. Common 

causes include post-infection (both in childhood and adulthood), different airway insults such 

as impairment of the immune system leading to repeated infections, and congenital causes 

(Table 1-4). Historically, a major differentiation has been made between cystic fibrosis and 

non-cystic fibrosis related bronchiectasis. Cystic fibrosis is a recessive genetic condition that 

affects a number of organs, especially the lungs and digestive system. In terms of this lung 

disease it has clinical characteristics that also include chronic cough, sputum production, 

repeated chest infections, and bronchiectasis results. Current bronchiectasis guidelines 

however, have emphasised the terminological differentiation between bronchiectasis and 

bronchiectasis due to cystic fibrosis since the latter is a different disease both in 

pathophysiology and in its treatment features131. 
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Table 1-4: Prevalence of common aetiological causes of bronchiectasis. 

ABPA: allergic bronchopulmonary aspergillosis

 

Prevalence 

The global prevalence of bronchiectasis is not accurately known, but studies from the USA135 

and UK136 have found an increased incidence of the condition compared to previous data. 

For instance, Quint and colleagues reported that between the 2004-2013 periods, the 

prevalence of bronchiectasis in the UK increased from 301.2/100,000 to 485.5/100,000 in 

men, and from 350.5/100,000 to 566.1 in women136. Several publications have also reported 

older populations, especially females, are at a higher risk of developing bronchiectasis23, 135, 

136. There are little data available for the overall prevalence or incidence of bronchiectasis in 

Australia23. However, studies have shown that the prevalence of bronchiectasis is 

disproportionately high in indigenous populations from Australia and New Zealand137-139. In 

Australia, a study of Central Australian Indigenous children found a prevalence of 1.5 % of 

 Aliberti et al.132 
(n=1145) 

Chalmers and Hill.133  
(review) 

Shoemark et 
al.134 (n=165) 

Idiopathic 34 30–53% 26 

Post severe infection  26 33–42% 32 

Connective tissue 
disease 

8 3–6% 2 

Immunodeficiency 5 1–8% 7 

ABPA 4.9 (asthma 3.2) 1–7% (associated with 
asthma) 

8 

Ciliary dysfunction 1.8 1–2% 10 

Congenital 0.5 <1% - 

Inflammatory bowel 
disease 

2.2 1–2% 3 
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the population, while no case of bronchiectasis was found among non-indigenous children137. 

Disadvantaged socioeconomic conditions and poor access to health care services, including 

timely access to antibiotic treatment and vaccination programmes (such as influenza and 

pneumococcal vaccination programmes), are among causes of these disparities138 

Burden 

Mortality and health-care use 

There are scarce data reporting on mortality in bronchiectasis. Quint and colleagues reported 

an age-adjusted mortality rate in the UK (2004-2013 period) of 1437.7 per 100,000136. In 

Australia, the age-standardised mortality rate for bronchiectasis between 2001 and 2013 has 

remained relatively steady at less than 2.2 deaths per 100,000 population100. This figure 

includes bronchiectasis both as the underlying or associated cause of death. In terms of 

health care use, bronchiectasis was the principal and secondary diagnosis of 5,010 and 9,018 

hospitalisations respectively in the 2006-2007 period in Australia. In agreement with 

international data, hospitalisation for women were twice as high compared to men, a trend 

that becomes more evident in older age groups23. The economic burden of bronchiectasis 

has been suggested to be similar to COPD, and that this increases as measures of severity, 

such as exacerbations and hospitalisations, deteriorate131. 

Health status 

Individuals with bronchiectasis suffer from significant respiratory morbidity and poor 

HRQoL140-142. People with bronchiectasis share similar clinical characteristics with people with 

moderate to severe COPD and severe asthma, such as increased dyspnoea, impaired exercise 

capacity, and frequent exacerbations. In addition, bronchiectasis can often overlap with these 

diseases, worsening its severity5, 20-22. For instance, Martinez-Garcia et al. reported that the 

prevalence of bronchiectasis in a cohort of 201 patients with COPD GOLD 2-4 was 57.2%, and 
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that the condition was associated with a 2.5 fold increased adjusted mortality ratio (hazard 

ratio (95% CI) 2.54 (1.16–5.56); p < 0.02)21. The overlap with COPD has also been associated 

with higher levels of airway inflammation and requiring longer recovery-time post 

exacerbation22. In regard to asthma, overlap between these conditions has been also 

associated with a higher risk of experiencing exacerbations than when bronchiectasis is the 

only respiratory diagnosis5, 20. 

1.4.2. Pathogenesis of bronchiectasis 

The abnormal and permanent dilation and distortion of the bronchi and bronchioles, is the 

result of distinct and cyclic phases of infections, which may lead to altered pulmonary 

defence mechanisms and chronic inflammation143, 144. The infective insult, accompanied by 

an ineffective host-immune mechanism, leads to an exaggerated inflammatory response145, 

mediated mostly by neutrophils, lymphocytes and macrophages. The release of these 

inflammatory mediators in the bronchi, especially neutrophils, promote tissue damage, 

impairing the function of the cilia epithelium and stimulating hypersecretion from the 

mucous glands146. The impaired mucociliary clearance and excess of sputum production 

create the optimal conditions to make the airways susceptible to microbial colonisation. Even 

though findings of bacterial colonisation and inflammatory markers are intermittent in 

patients with bronchiectasis, in some patients these findings are persistent, which worsen 

the prognosis of the condition. Pathogens commonly found in the sputum of bronchiectasis 

patients are Haemophilus influenza, Pseudomonas aeruginosa and Staphylococcus aureus. 

Again, neutrophils play an important role facilitating bacterial adherence into the lung 

epithelium143, 145. As a result of the bacterial colonisation, further chronic inflammatory 

processes are triggered, which accentuate the tissue damage, and lead to the characteristic 

permanent dilatation of the bronchi, which consequently, will make the airway prone to a 
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self-perpetuating cycle of infection, chronic inflammation and sputum production (Figure 1-

F). 

 

 

 

 

 

 

 

 

 

 

Extracted from Bronchiectasis Toolbox website: http://bronchiectasis.com.au/. Used with permission. 

 

1.4.3. Diagnosis and classification 

Bronchiectasis is suspected with the presence of episodes of productive cough (≥3 per year, 

each lasting ≥4 weeks) accompanied or not by other respiratory symptoms. The diagnosis is 

reliably confirmed by high resolution computed tomography (HRCT) scan of the lung, and as 

such it is a condition that can go under-diagnosed unless the patient has been investigated 

by a respiratory specialist147.  

Figure 1-F: The vicious circle of bronchiectasis. 

http://bronchiectasis.com.au/
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According to the morphological findings from the HRCT, the bronchiectasis pattern can be 

classified as cylindrical, varicose, and saccular or cyst. More than one type of bronchiectasis 

focus may be present in the same patient. 

Based on the presence of the bacterial organism in sputum culture (either Pseudomonas 

aeruginosa or other type of infection) and sputum production versus dry cough, four clinical 

phenotypes of bronchiectasis have been identified. According to this categorisation, the 

Pseudomonas cluster was associated with most severe disease, worst radiological findings 

and inflammatory patterns, and lowest functional status, while the cluster of patients with 

dry cough was associated with less severe disease132.  

1.4.4. Treatment  

The goals of bronchiectasis management include monitoring severity, avoiding excessive 

decline in lung function, minimising infective exacerbations, and optimising general 

wellbeing, symptom control and health-related quality of life 131. Thus, the management of 

the condition involves the combined effort of a multidisciplinary health care team. Treatment 

strategies can include the use of antibiotics to treat infections or as a prophylactic measure, 

a daily routine of breathing and sputum clearance techniques which should be supervised by 

a specialised physiotherapist, pulmonary rehabilitation in the case of impaired exercise 

capacity126, Influenza vaccinations and, when appropriate, surgery131, 147, 148. As with severe 

asthma and COPD, education of symptoms, timely use of written action plans, and reduction 

of risk factors such as smoking, play an important role in the management of the disease131, 

147, 148. 

The pharmacological management of the disease can include antibiotic therapy, 

bronchodilators, and muco-active agents. Therapy is dictated by the general status of the 

patient, since in stable patients only exercise and airway clearance regime may be sufficient. 
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Antibiotics, the cornerstone of pharmacological management in bronchiectasis, are 

recommended in three situations: to attempt eradication of new bacterial isolates, to treat 

exacerbations, and in some specific cases, as a long-term maintenance therapy when chronic 

colonisation has been observed. Guidelines recommend that the type of antibiotic should be 

selected according to results of lower airway culture test when possible, clinical severity and 

patient characteristics148. Bronchodilators can be prescribed in case of bronchoconstriction 

and reversibility. Inhaled corticosteroids are only recommended in patients with underlying 

asthma or COPD. In terms of muco-active agents to facilitate airway clearance, the current 

guidelines from the Thoracic Society of Australia and New Zealand states that agents such as 

isotonic and hypertonic saline and mannitol are not currently recommended for routine use. 

Nevertheless, a therapeutical trial of these agents in patients with frequent exacerbations is 

suggested147.
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1.5.  Summary Part 1: OAD section 
 

 

In the next section, I will give some context regarding characterising physical activity and 

sedentary time as a non-pharmacological strategy for the management of OAD, and I will 

define the label-free approach to be used in part of this thesis. 

Severe asthma, COPD and Bronchiectasis are chronic conditions of the lower respiratory 

airway that are underpinned by complex inflammatory processes resulting in airflow 

limitation of different severity and reversibility. 

 

Shared characteristics of these diseases include cough, wheezing, reduced exercise 

capacity, dyspnoea, higher susceptibility to respiratory infections, and high prevalence 

of comorbidities. Overlap between these diseases is also common, and usually leads to 

worse clinical presentation. Medication, including bronchodilator and anti-inflammatory 

agents, are used to control symptoms and to manage exacerbation. However, 

dependency on several medications is common, increasing the risk of developing 

further comorbidities. As a result, these diseases pose a high burden in patient’s health 

status and in the health system. 

 

Non-pharmacological treatments and reduction of risk factors are important 

coadjutants in the management of these diseases, especially in COPD. Among these 

strategies, the promotion of physical activity and reduction of sedentary time are 

promising strategies due to the positive health impact show in several studies on health 

outcomes (see sections 1.2.1.1 and.1.2.1.2). 
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1.6. Is physical activity a treatable trait in OAD? 

In the last few years, there has been an increasing recognition of the need to revise and 

update traditional management approaches for chronic airway diseases, and most 

specifically for COPD and severe asthma12, 51, 125, 149. Proposed reasons for this change include: 

the lack of progression in reducing the excessive disease burden 31, 150;  the high level of 

overlap found in these conditions1, 17-21 which in cases makes it difficult to distinguish a clear 

diagnosis and may eventually lead to patients’ over or under treatment with the consequent 

suboptimal treatments outcomes and loss of resources; and the fact that “labelling” a patient 

with a given diagnosis does not fully recognise the biological and clinical heterogeneity of the 

diseases149.  

In order to address these issues, a label-free paradigm for chronic airway diseases has been 

proposed, where these diseases are managed using a precision medicine model, based on 

the identified treatable traits51. The concept of personalised medicine has been defined as 

“treatments targeted to the needs of individual patients on the basis of genetic, biomarker, 

phenotypic, or psychosocial characteristics that distinguish a given patient from other 

patients with similar clinical presentations”151. In 2016, Agusti and colleagues proposed the 

“treatable traits management approach for chronic airway diseases” which refers to 

phenotypic or endotypic characteristics found in OAD that can be assessed and potentially 

targeted with treatment51. Clinical phenotypic characteristics refers to a measurable single 

or multiple disease feature, that describe differences between people with the disease, and 

that relate to clinically meaningful outcomes, such as symptoms, response to therapy, 

biological and/or radiological features or death152. 

The identification of these traits requires a thorough assessment which encompasses several 

domains of the diseases. Gibson and McDonald in 2010, suggested that rather than trying to 
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differentiate between diseases that show a high degree of overlap (in this particular case, 

asthma and COPD in the elderly) with the concomitant difficulty to distinguish one disease 

from another; a better approach may be to describe “the patterns of airways disease on the 

basis of clinical and pathophysiological features” and to subsequently tailor interventions 

according to the features identified125. They proposed that a multidimensional assessment125, 

153 covering the domains of airway, comorbidities, risk factors, and behavioural factors, could 

identify issues that were clinically significant, but that were not commonly addressed with a 

“label-centred” approach153. This approach was later updated as the CARe model154 (Figure 

1-G), which highlights the Comorbidities, Airway, and Risk Factors domains.  

 

 

 

 

 

 

 

 

 

 

The treatable-traits model for the management of patients with chronic airway disease51, 

also identifies pulmonary, extra-pulmonary and behavioural characteristics (i.e. traits) that 

Extracted from (154): Gibson P; McDonald V. Phenotyping Asthma and 
COPD. BRN Rev. 2016; 2. Figure 1, page 242. Used with permission.  

Figure 1-G: The CARe approach for assessment and treatment of chronic airway diseases. 
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are responsive to treatment (i.e. treatable). More recently in 2017, the Lancet Commission 

into Asthma lead by Pavord and colleagues, supported this idea recommending that in 

addition to investigating and treating adjacent comorbidities, behavioural and environmental 

factors present in patients with chronic airway diseases, the two dominant traits that needed 

to be the assessed and managed were eosinophilic airway inflammation, due to its impact 

on risk of exacerbations/lung attacks, and airflow limitation, because of its impact on 

symptoms12.  

It is important to evaluate where physical activity lies in this new OAD management 

paradigm. It has been suggested that the link between physical exercise (the subset of the 

physical activity behaviour that is planned, structured and repetitive body movement done 

for the improvement and maintenance of physical fitness155) and the improvement of clinical 

outcomes in OAD can be explained through several physiological pathways in addition to the 

improvement in cardiovascular fitness.  In COPD for instance, exercise training has shown 

beneficial effects on measures of cardiovascular function156, 157 (e.g. heart rate variability, 

aortic pulse wave velocity) and in muscle function even in patients with severe disease89. The 

positive muscle adaptations observed after training have been linked to an improvement on 

exercise capacity, and to a reduction of the ventilatory requirements for a given submaximal 

work rate through the betterment of the oxidative capacity of the skeletal muscle89. In 

asthma, it has been suggested that the benefits of exercise may be due to the physical 

extension occurring in the airway smooth muscle as a result of an increased tidal volume and 

respiratory rate during exercise158, to a reduction in bronchial hyperresponsiveness and 

systemic inflammation87, and to an increase in energy expenditure that may contribute to 

weight loss82. Physical inactivity could be considered an impairment in the risk factor domain 

likely to be present in people with each of the chronic airway diseases regardless of the 

primary diagnosis. Characteristics and symptoms such as dyspnoea, cough, impaired exercise 
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capacity, sputum production, airflow limitation and comorbidities are common findings 

among OAD patients, which are likely to negatively impact the amount of physical activity 

and sedentary time in which these patients engage. Physical activity is defined as any bodily 

movement generated by skeletal muscle and resulting in energy expenditure159. Meanwhile, 

sedentary behaviour is defined as the engagement in activities whilst lying down or sitting 

and expending low levels of energy, during waking hours. Importantly, physical activity and 

sedentary time are measurable and potentially treatable risk factors, which are known to 

impact on morbidity and mortality in general populations160-164. Therefore, it is likely that 

physical activity and sedentary time are relevant in the new model of treatable traits for OAD. 

Despite this evidence, physical activity and sedentary time have not been widely 

characterised nor addressed in OAD as treatable risk factors, outside of COPD.  

A reason for this disparity, may be related to the fact that research into these behaviours has 

mostly followed a label-centric approach towards COPD. Since the seminal study of Pitta and 

colleagues in 2005165, there has been a growing body of evidence characterising these 

impairments in COPD and examining the associations of sedentary time and physical activity, 

the latter to a greater extent, with important disease outcomes166. This work is summarised 

further in section.1.7.5. This evidence has highlighted the importance for people with COPD 

to engage in physical activity and exercise programmes, such a pulmonary rehabilitation, 

with the concomitant benefits extending beyond the respiratory system89. Currently, 

research in COPD has slightly moved away from characterising these behaviours only, and it 

now focuses on developing and testing interventions aimed at promoting healthier 

movement behaviours in this population167-169.  

In severe asthma and bronchiectasis, however, whilst some studies have demonstrated the 

effectiveness of exercise training programmes on disease outcomes such as bronchial 
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hyperresponsiveness, quality of life, exacerbations and dyspnoea87, 170, interventions aimed 

at improving physical activity and decreasing sedentary time levels are scarce84. Reasons for 

this paucity may relate to the limited available evidence characterising these behaviours in 

these population. The importance of generating this knowledge is to create a base of 

evidence that can: estimate if the impairment of these behaviours exists in these diseases 

and if so, to what extent; and to describe the associations of these behaviour with relevant 

disease outcomes. This new knowledge can guide the direction of treatment interventions 

for severe asthma and bronchiectasis, since extrapolating what is known in COPD to these 

conditions may lead to the design of ineffective interventions. 

In order to have a better understanding of this gap in knowledge, in Part 2 of this chapter I 

will present the definitions of physical activity and sedentary time, describe the different 

measurement methods for these behaviours, and review the published evidence of the 

characterisation and impact of these behaviours on COPD, bronchiectasis and severe asthma.

1 
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Part Two 

1.7. Activity behaviours 

1.7.1. Physical activity: definition, health impact, and characterisation on general 
populations 

 

The WHO has defined physical activity as any bodily movement generated by skeletal muscle 

and resulting in energy expenditure159. This definition includes different domains of physical 

activity, such as leisure-time activity, commuting or transportation physical activity, 

occupational physical activity, and household chores physical activity. In general, leisure-time 

physical activity encompasses all those activities performed outside of work, transportation 

and house chores and which are done at a personal preference. Planned exercise (i.e. 

exercise training at home, gym sessions, etc.) sports or jogging would be examples of this 

domain171. Physical activity can be categorised according to its absolute and/or relative 

intensity. Absolute intensity refers to the rate of energy expenditure required to perform any 

physical activity, and is commonly divided into in light, moderate and vigorous intensity 

physical activity (Table 1-5)172. The metabolic equivalent of task (METs) is a common 

reference to measure absolute intensity161. METs provide estimates of intensity based on 

energy expenditure, where 1-MET is equal to the energy spent by a person when sitting 

quietly in a chair. This is also known as the resting metabolic rate and accounts for 

approximately 3.5 ml O2 x Kg body weight-1 x minutes or hours-1 173. Relative intensity refers 

to the ease or difficulty with which a person performs a certain activity, and it is more closely 

related to physiological parameters of the individual (i.e. percent of aerobic capacity, percent 

of maximal heart rate, or levels of breathlessness)174.
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Table 1-5: Examples of METs equivalents of light, moderate and vigorous physical activity. 

 Adapted from Ainsworth et al. (172). MET: Metabolic equivalent of task. 

 

There is substantial evidence that participation in regular physical activity decreases the risk 

of several diseases and cancers, such as coronary heart disease, stroke, type 2 diabetes 

mellitus, hypertension, depression, colon cancer, and breast cancer160, 161, and reduces the 

risk of all-cause and cardiovascular mortality160, 175. Likewise, inactivity, or failing to meet the 

recommended levels of physical activity, has been regarded as the fourth leading risk factor 

for global mortality, contributing to 6% of deaths globally161, and 9% of premature 

mortality176. Additionally, it has been estimated that inactivity contributes to increase the 

burden of disease from coronary heart disease, type 2 diabetes mellitus, breast and colon 

cancer by 6%, 7%, 10% and 10%, respectively176. 

As a significant and modifiable risk factor, global and local organisations have endeavoured 

to promote engagement in physical activity, highlighting the health benefits associated with 

Term METs Examples 

 
Light physical 
activity 
 

 
1.1 - 2.9 

- Walking slowly around home, store, or office (2.0 METs) 
 
- Standing performing light work such as making bed, 
washing   dishes, ironing, preparing food or store clerk 
(2.0–2.5 METs) 

Moderate 
physical activity 

3.0 - 5.9 - Walking the dog (3.0 METS), walking at 6.4 km/hr on the 
level, firm surface, very brisk pace (5.0 METS) 
 
- Heavy cleaning: washing windows, car, clean garage, 
sweeping floors or carpet, vacuuming, mopping (3.0–3.5 
METs) 

Vigorous physical 
activity 

≥ 6 - Walking at very, very brisk pace on the level, firm surface 
(7.2 km/hr) (6.3 METs) or running at 8 km/hr (8.0 METs) 
 
- Carrying heavy loads such as bricks (7.5 METs) 
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maintaining an active lifestyle. The creation of physical activity guidelines responds to the 

need for giving an evidence-based framework that summarises the minimum amount of 

activity required by age group, to promote the health benefits associated with activity. Table 

1-6 illustrates the current WHO’s recommendation for adults and older adults161.  
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Table 1-6: Current recommendations of physical activity for adults. 

From (161). **The 10-minutes bout recommendation has been recently excluded from the “2018 Physical Activity 
Guidelines Advisory Committee Scientific Report” (174), after research concluded that periods of any length of 
time are beneficial to reach the recommended total volume of physical activity, and its associated health benefits. 

Adults 18 to 64 years 

 

-Weekly, at least 150 minutes of moderate-intensity aerobic 

physical, or at least 75 minutes of vigorous-intensity aerobic 

physical activity throughout the week, or an equivalent 

combination of both. 

-Aerobic activity should be performed in bouts of at least 10 

minutes duration**. 

-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 weekly, or an equivalent combination of moderate- 

and vigorous-intensity activity. 

-Muscle-strengthening activities should be done at least twice 

weekly 

Older adults (≥65 years) -Weekly, at least 150 minutes of moderate-intensity aerobic 

physical, or at least 75 minutes of vigorous-intensity aerobic 

physical activity throughout the week, or an equivalent 

combination of both. 

-Aerobic activity should be performed in bouts of at least 10 

minutes duration. 

-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 weekly, or an equivalent combination of moderate- 

and vigorous-intensity activity. 

-People with poor mobility should perform physical activity to 

enhance balance and prevent falls on ≥3 days/week 

-Muscle-strengthening activities involving major muscle groups 

should be done at least twice weekly. 

- In case health conditions impairing the ability to engage in the 

recommended levels of activity, people of this age group should still 

be as physically active as their abilities and condition allow 
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Engaging in higher doses of physical activity than the recommended >150 minutes of 

moderate or >75 minutes of vigorous physical activity per week (or 500 to 1000 MET-

minutes/week) results in enhanced improvements in health160. For instance, Arem and 

colleagues found that compared to people not reporting leisure time physical activity, those 

meeting the physical activity guidelines or doing up to twice as much that amount had a 

reduction in the relative risk of all-cause mortality of 31% [HR, 0.69 (95% CI, 0.67-0.70)]. This 

figure decreased to a 37% reduction in mortality risk for people engaging into 2 to 3 times 

the recommended levels of physical activity [HR, 0.63 (95% CI, 0.62-0.65)]177. The authors 

also reported a plateau in the relative risk reduction 0.61 (39% lower mortality risk) in people 

doing 3 to 10 times the minimum recommended amount of activity177. According to the 2018 

Physical Activity Guidelines Advisory Committee Scientific Report, similar dose-response 

curves to that reported by Arem and colleagues have been observed for cardiovascular 

disease incidence and mortality, and for the incidence of type 2 diabetes mellitus174. Non-

adherence with the physical activity guidelines (doing less than the recommended amount 

of moderate and vigorous physical activity [MVPA]) is defined as physical inactivity176, 178. 

Importantly, engaging in lower or lighter levels of activity than those recommended in the 

guidelines versus not doing any MVPA still results in health benefits. In fact, studies have 

shown that the majority of the reduction in mortality risk associated to cardiovascular 

disease179 (n=3038, adults of ≥50 years old from Great Britain with type 2 diabetes) or in all-

cause mortality177 (pooled data from 6 studies in the National Cancer Institute Cohort 

Consortium; n=661137; 62 years old median age [21-98 years old range]), is achieved by 

shifting from no physical activity to performing some level of physical activity. This is 

particularly important message to highlight, particularly for people with chronic respiratory 

diseases who may struggle to meet the current recommendations of MVPA. 
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Studies characterising the level of physical activity have reported that the proportion of 

adults adhering to the guidelines of physical activity is low180, 181. For instance, in the 2003–

2004 National Health And Nutrition Examination Survey (NHANES), Troiano180 et al. reported 

that adults engaging in device-measured 30 minutes/day of physical activity were less than 

5%180. Similarly, in the 2007-2009 Canadian Health Measure Survey (CHMS), Colley et al. 

reported that 15% of adults engaged in the recommended levels and patterns of physical 

activity (150 minutes/week of MVPA in 10 minutes-bouts), and the number dropped to 5% 

for people engaging in 150 minutes of MVPA on a regular basis (i.e. 5 days /week)181. 

However, it is important to highlight that these estimates come from physical activity results 

measured with physical activity monitors. The development of the physical activity guidelines 

has been mostly based on self-report measures of physical activity (questionnaires). 

Therefore, comparing adherence between results obtained from activity monitors with 

questionnaires may result in inaccurate estimates. This point can be exemplified in the 

following results from Australia and the USA. In Australia, the 2014-2015 National Health 

Survey reported that 47.8% of adults aged 18-64 years and 25% of adults aged ≥65 years 

engaged in the recommended levels of aerobic physical activity. Almost 38% of adults aged 

18-64 years did less than the recommended amount of physical activity, and 15% did not 

engage in aerobic physical activity in the last week. Similarly, in adults ≥65 years, 75.1% did 

less than the recommended amount of aerobic physical activity182. In the USA, results from 

the 2016 National Health Survey reported that close to 53% of people aged ≥18 years were 

meeting the aerobic physical activity guidelines183. Data reporting on the adherence to 

recommendations for muscle strengthening activities (muscle-strengthening activities at 

least twice/week) are less widely available, but data from the Australian National Nutrition 

and Physical Activity Survey 2011–2012 found that from the 52% of respondents meeting the 

MVPA guideline, only 15% of them were also meeting the muscle strengthening activity 
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recommendations184. Similarly estimates have been reported in the 2011 Behavioral Risk 

Factor Surveillance System (BRFSS) in the USA, where from the 51.6% of adults meeting the 

MVPA guideline, only 20.6% met both recommendations185. Similarly, in the 2016 National 

Health Survey, from the 53% of adults meeting the aerobic physical activity guidelines, only 

22% were meeting both recommnedations183. 

In general, these studies also showed that males tended to be more active than females, that 

the levels of physical activity declines with age, and that higher levels of education were 

associated with higher likelihood of meeting the physical activity recommnedations180-182, 184-

186. 

1.7.2. Sedentary behaviour: definition, health impact, and characterisation on 
general populations 

 

Sedentary behaviour is a distinct entity from physical (in)activity, and refers to any waking 

behaviour in a lying or sitting position and expending low levels of energy (≤1.5 METs)187 

(Figure 1-H). Sedentary behaviours can occur in work, domestic, transport or leisure contexts 

with the most common sedentary behaviours being sitting while at work and watching 

television. Sedentary time is defined as the time spent in sedentary behaviours. This 

definition includes any duration and context (i.e. leisure time, work) of sedentary activities. 

Previously, sedentary behaviour was commonly but erroneously used interchangeably with, 

or in place of inactivity (performing insufficient amount of MVPA). However, in the past 

decade or so, it has been recognised that sedentary behaviour is distinct from not meeting 

the physical activity guidelines as someone can meet the guidelines but still sit for the 

remainder of the day. As a result of the growing interest in the study of sedentary behaviour, 

the Sedentary Behaviour Research Network (SBRN) has recently undertaken a Terminology 
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Consensus Program where standardised terminologies and definitions were proposed178. 

Some of these definitions are reported in Table 1-7. 

 

 

 

 

 

 

 

 

 

 

 

  

Extracted from (178): Tremblay M et al. Sedentary Behavior Research Network (SBRN) - Terminology Consensus 
Project process and outcome. Int J Behav Nutr Phys Act, 2017. 4. Figure 3, page 11. 
http://creativecommons.org/publicdomain/zero/1.0/. No changes made. 

 

 

 

Figure 1-H: Conceptual model of movement and non-movement behaviours proposed by 
the SBRN. 

http://creativecommons.org/publicdomain/zero/1.0/
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Table 1-7: Terminologies and definitions proposed by the SBRN.  

Term General definition Examples  

Sedentary 
behaviour  

Any waking behaviour 
characterised by an energy 
expenditure ≤1.5 metabolic 
equivalents (METs), while 
in a sitting, reclining, or 
lying posture. 

Use of electronic devices (e.g., television, 
computer, phone) while sitting, reclining, or 
lying; reading/writing/talking while sitting; 
sitting in a bus, car or train. 

Stationary 
behaviour 

Stationary behaviour refers 
to any waking behaviour 
done while lying, reclining, 
sitting, or standing, with no 
ambulation, irrespective of 
energy expenditure. 

Use of electronic devices (e.g., television, 
computer, phone) while sitting, reclining, lying, 
or standing without ambulation; 
reading/writing/drawing/painting/talking while 
sitting; sitting at school/work; sitting in a bus, car 
or train. 

Sitting A position in which one's 
weight is supported by 
one's buttocks rather than 
one's feet, and in which 
one's back is upright. 

Active sitting: Working on a seated assembly 
line; playing guitar while seated; doing arm 
ergometry while in a wheelchair, etc. 
Passive sitting: Refer to sedentary behaviour 
examples while sitting. 

Reclining Body position between 
sitting and lying 

Passive reclining: Lounging/slouching on a chair 
or couch while sedentary. 
Active reclining: Recumbent cycling. 

Lying To be in a horizontal 
position on a supporting 
surface 

Passive lying: Lying on a couch, bed, or floor 
while sedentary. 
Active lying: Isometric plank hold. 

Standing A position in which one has 
or is maintaining an upright 
position while supported 
by one's feet. 

Active standing: Standing while painting; 
standing while washing dishes, etc. 
Passive standing: Standing in a line; standing for 
a hallway discussion, etc. 
Supported standing: Standing while holding a 
couch, chair, or a parent's hand; standing with 
the aid of crutches 
 

Screen time Time spent on screen-
based behaviours. These 
behaviours can be 
performed while being 
sedentary or physically 
active. 

Watching TV while sitting, lying, or running. 
Playing active video games. 

Sedentary 
behaviour 
pattern 

The way sedentary 
behaviour is accumulated 
throughout the day or week 
while awake (e.g., the 
timing, duration and 
frequency of sedentary 
bouts and breaks). 

Prolonger: Someone who accumulates 
sedentary time in extended continuous bouts. 
Breaker: Someone who accumulates sedentary 
time with frequent interruptions and in short 
bouts. 

From (178): Tremblay M et al. Sedentary Behavior Research Network (SBRN) - Terminology Consensus Project 
process and outcome. Int J Behav Nutr Phys Act, 2017.http://creativecommons.org/publicdomain/zero/1.0/. 
Changes have been made.

http://creativecommons.org/publicdomain/zero/1.0/
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High levels of sedentary time have been associated with several deleterious health outcomes 

in the general population, such as increased cardio-metabolic markers in adults188, 189, and 

all-cause, cardiovascular-, colon and breast cancer-related mortality164, 189, 190. A positive 

dose-response relationship between the amount of sedentary behaviour and mortality has 

been reported for some studies, highlighting the deleterious effect of this behaviour on 

health outcomes. In their meta-regression analysis of one million participants, Ku and 

colleagues found that the mortality risk significantly increased as the total amount of 

sedentary time surpassed seven hours. In these studies, sedentary time was measured by 

questionnaires. In the studies using activity monitors, risk increased with nine hours of 

sedentary time191. Additionally, in their harmonised meta-analysis, Ekelund et al found that 

in the group of people engaging in 16 MET-h/week of physical activity, those sitting over 8 

hours/day had a 12% increase risk of mortality compared to those sitting for less than 4 

hours/day192.  

Recommendations for addressing the excess of sedentary time have been included in the 

physical activity guidelines of Australia193 and the United Kingdom194. For instance, the 

Australian guideline “Make your move – Sit less. Be active for life!”195 recommends:  

• Minimising the amount of time spent in prolonged sitting. 

• Breaking up long periods of sitting as often as possible. 

The rationale behind promoting breaks in sedentary time (i.e. “the breaker” in Table 1.7) is 

based on observational evidence from cohort studies such as the National Health and 

Nutrition Examination Survey (NHANES) and the Australian Diabetes, Obesity and Lifestyle 

(AusDiab)188, 196. Interventional studies analysing the effect of frequent interruptions of sitting 

time (i.e. every 20-30 minutes) and its replacement with short bouts (i.e. <2 minutes) of light 

or moderate physical activity have shown a positive effect in metabolic biomarkers compared 
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to uninterrupted sitting197-199. Thus, the focus should not only be on reducing the total 

amount of sedentary time, but also on the promotion of more often and longer interruptions 

(breaks) of sedentary bouts. This is particularly relevant for people who spend long hours a 

day in sedentary behaviours (i.e. public transport drivers, computer-based workplaces, etc.). 

Some previous evidence suggested that the deleterious effects of sedentary time were 

independent of the amount of physical activity performed164. That means that even if a 

person was engaging in physical activity, if they also accumulated high levels of sedentary 

time, they would still be prone to the adverse health outcomes associated with high levels of 

sedentary time. However, in their meta-analysis Ekelund et al. found that the negative effect 

of sitting time on mortality was accentuated as physical activity decreased and reduced as it 

improved. For instance, in very inactive people (doing ≤5 minutes/day of moderate physical 

activity), those engaging in over 8 hours of sitting time/ day had a 27% increased risk of 

mortality compared with those accumulating less than 4 hours/day, while in those engaging 

in very high levels of physical activity (≥60 minutes/day) the difference on mortality risk 

between the different categories of sedentary time was negligible192.  

On the other hand, studies investigating the replacement of sedentary time with light or 

MVPA, have suggested possible improvements in cardio-metabolic biomarkers when shifting 

away from sedentary time200. 

Studies characterising the prevalence of sedentary time in the general population have 

pointed towards high levels of engagement of this behaviour. In regard to device-measured 

sedentary time, in the 2003–2004 NHANES, Matthews et al. reported that adults aged less 

than 60 years accumulated around 7.5 hours/day of sedentary time. This figure increased up 

to 8.41 hours/day in the 60 to 69 age group, and up to 9.28 hours/day in the 70 – 85 age 

group. The age group showing the lowest level of sedentary time were those in their 
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thirties201. Similarly, a study from the UK reported that 67% of adults aged ≥60 years 

accumulated over 8.5 hours/day of sedentary time, with 50% of those older adults  

accumulating more than 9.5 hours/day202. In terms of self-reported measures of sedentary 

behaviour, the same study also reported that the percentage of older adults reporting over 

4.85 hours/day of leisure time sitting was 66.5%, and that 50% of those adults were reporting 

more than 6.6 hours202. Similarly, in the 2011-2012 Australian Health Survey concluded that 

adults spent an average of 39 hours per week (5.6 hours/day) in sedentary activities, with 

sitting at work a major sedentary activity (10 to 22 hours/ week). TV-time accounted for 

nearly 13 hours of sedentary time /week, a figure that increased up to 19 hours/ week in 

people aged ≥75 years203.  

 

 

Next, I will focus on some of the existing tools for the measurement of these behaviours their 

advantages and disadvantages, and I will explain the measurements to be used in my 

research for characterising the level of physical activity and sedentary time. 

 

 

Overall, physical inactivity and excessive sedentary time are prevalent in the general 

population, and are associated with several detrimental health outcomes. In addition to 

promoting physical activity, people should be encouraged to reduce their time in 

sedentary activities. 
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1.7.3. Measurement of activity behaviours 

The measurement of physical activity and sedentary time has gained relevance, due to the 

several benefits attributed to the recommended engagement in physical activity, and to the 

detrimental effects of being inactive and sedentary204. As a result of this, the need to find the 

best assessment tools to measure these behaviours has become evident. Methods to 

measure physical activity and sedentary time can be divided into subjective (e.g. 

questionnaires) and device (e.g. accelerometers) methods. Important characteristics to 

consider when choosing an assessment tool are reliability (i.e. does the test achieve 

consistent results on different settings, when there is no evidence of change?) and sensitivity 

(i.e. does the test detect changes over time?)204. Validity (i.e. does the test measure what is 

intended to measure?) is also an important characteristic to consider204. For physical activity, 

for instance, an important number of measurements have been validated against the doubly 

labelled water technique (DLW)205-207. DLW is an objective and highly accurate technique that 

measures total daily energy expenditure and it is considered the gold standard for physical 

activity measurement208. However, due to its high cost and impracticality in application to 

the general settings (laboratory-based execution) it is not frequently used in population-

based research208. Direct observation has been used as a criterion for sedentary time209. 

Feasibility and practicality are also important factors to consider when deciding on a 

measurement tool204. 

In terms of physical activity, components that needs to be considered when measuring this 

behaviour can be summarised with the FITT principle174, 210: 

• Frequency (e.g. 5 days per week),  

• Intensity (light, moderate or vigorous),  

• Time (e.g. 30 minutes), and  
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• Type (e.g. aerobic exercise).  

It is also important to clarify that the measurement of physical activity differs from the 

measurement of exercise capacity or physical fitness, since physical activity relates to a 

behavioural concept whilst cardiorespiratory and physical fitness are related to physiological 

terms155. 

Similar to physical activity, the characterisation of sedentary time can be summarised with 

the SITT acronym211:  

• Sedentary behaviour frequency: number of bouts or periods of a certain duration 

(e.g. number of episodes of sedentary behaviour lasting >20 minutes) 

• Interruptions of sedentary behaviour (e.g. number of breaks of the sedentary period, 

such as standing up and walk or just standing up) 

• Time (duration) of the sedentary period (e.g. 30 minutes of uninterrupted sitting, 

total time of sitting during the day) 

• Type or activity behind the sedentary behaviour reported (e.g. was the person 

watching TV, travelling, or working while being sedentary. 

 

In the following sections, I will provide some definitions and examples of subjective and 

device-measured assessments to measure physical activity and sedentary time.  

 Subjective techniques 

Subjective techniques such as self-report logs, recall questionnaires, and typical week 

questionnaires, have been largely used in research since they are economic and easy tools to 

administer212, 213. They also have the advantage of capturing contextual information behind 

a given activity, for instance sitting while watching TV versus sitting while working or 
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travelling. This information may have value when developing interventions to target physical 

activity and sedentary time, since it may help to give directions towards the activities that 

need to be changed. On the other hand, they may be limited in their measurement 

properties, i.e. reliability208. Questionnaire-based reports tend to overestimate (or 

underestimate) the amount of physical activity (or sedentary time) performed214, 215, and they 

are better at recalling activities at higher intensities216. An additional problem that may be 

encountered with questionnaire-based reports of movement behaviours, is the report of 

proxy end-points instead of the measurement of the behaviour itself217. An example of this 

are studies reporting only TV-time as a proxy of sedentary behaviour, without taking into 

account other type of sedentary activities in their assessment.  

Questionnaires commonly utilised to quantify physical activity are the International Physical 

Activity Questionnaire (IPAQ, which also include a sitting time item both for the short and 

the long version of the questionnaire)218, the Minnesota Leisure Time Physical Activity 

Questionnaire (Minnesota LTPA Q)219, the Paffenbarger Physical Activity Index220, and the 7-

days physical activity recall221. Commonly used sedentary time questionnaires include the 

Past-day Adults Sedentary Time (PAST)222, the Sedentary Behaviour Questionnaire (SBQ)223, 

the Marshall Sitting Questionnaire224 , the IPAQ (item for sitting time)218, and the Measure of 

Older Adult Sedentary Time (MOST)225. 

 Device-assessed techniques 

A more accurate tool for measuring intensity, patterns of accumulation and total time of 

physical activity and sedentary time is with devices that measure body position, 

accelerations, or physiological responses such as inclinometers, pedometers, 

accelerometers, and multi-sensors devices204. They have become widely used in the last two 

decades or so, because they overcome some of the most common problems encountered 
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with questionnaires, such as the lower accuracy, and their reliance on self-reported data180, 

201. This is because they provide day and time-stamped data, which basically means that they 

are able to capture the time spent in different movement behaviours and its domains (e.g. 

intensities and/or positions, patterns of accumulation at certain times of the day). This 

characteristic allows a more specific and complete examination of physical activity and 

sedentary behaviour through the profiling of these movement behaviours (simultaneous 

assessment and analysis)226. Accelerometer-based activity monitors are an example of the 

most commonly used objective measurement tools. They measure acceleration changes (or 

counts) in one or multi-axis planes depending on its technical characteristics. Counts are 

defined as the sum of raw acceleration outputs at a given frequency, into epochs or periods 

of time. Accelerometers commonly used in research are the ActiGraph (Pensacola, FL, USA), 

the Dynaport (McRoberts, The Hague, The Netherlands), the RT6 (StayHealthy, Monrovia, 

CA, USA), the activPAL (PAL Technologies, Glasgow, UK), the SenseWear (BodyMedia, 

Pittsburgh, PA, USA), the Axivity AX3 (Open Lab – Newcastle University, Newcastle upon 

Tyne, UK), and the IDEEA (MiniSun, Fresno, CA, USA). Some of these activity monitors, such 

as the activPal and the IDEEA are postural-based monitors, which allow them to capture 

sedentary time in a more accurate way compared to accelerometer “only” monitors.   

Limitations recognised for some accelerometers include: missing upper limb movements for 

those worn at the hip217, missing water-based activities for those that are not waterproofed, 

misinterpreting information of non-wearing as sedentary time227, misinterpretation of 

vibration as a movement, not providing contextual information behind activity (sitting while 

watching TV versus sitting at work), and poor ability to distinguish between standing still and 

sitting/ lying217. However, they are quite easy to use and operate, relatively affordable, and 

they deliver objective measurements217, 228.  
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Protocols for best practice have been developed for the use of activity monitors228. According 

to the recommendations, physical activity data in adults should be collected for a minimum 

of 4 to 7 days180, 228 and for at least 10 hours/day228. General recommendations for the 

measurement of sedentary behaviour may depend on the type of device used. For instance, 

for activity monitors such as the ActiGraph, wear-time recommendations are as per those for 

physical activity229. Recommendations for monitors such as the activPAL, however, suggest 

to use a 24 hour wearing-time protocol, for a minimum of 7 days230. The use of these devices 

in conjunction with participant reported wear time diaries is highly recommended to help 

differentiate sedentary activities from sleeping or non-wearing period. In addition, non-wear 

time can be also calculated by either proprietary software or custom-written algorithms. In 

general, these algorithms determine whether the monitor was or was not worn from periods 

when little activity or no activity/movement was captured. For instance, in the ActiLife 

software (for the ActiGraph device) there are three wear time algorithms available. Two of 

them180, 231 are considered “floating window algorithms” and classify non-wear time 

according to the number of consecutive zeros, or data below the activity threshold, in a 

certain epoch or pre-defined period of time. These algorithms can also be updated as per 

user preferences. The third algorithm is a “daily algorithm”, which instead of looking at 

consecutive epochs for patterns, it breaks the file into calendar hours and flags them as valid 

or invalid based in the validation criteria232. Custom written algorithms have been also 

developed for the ActiGraph227 and for other activity monitors233, 234 , including the 

activPAL235. 

In the following section, I will focus on the activity monitor ActiGraph, since it is the monitor 

utilised during my research. 
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1.7.3.2.1.  ActiGraph GT3X-BT 

The ActiGraph GT3X-BT is a triaxial accelerometer that measures physical activity (including 

intensity of activity and steps), sedentary time, and sleep. I chose to use this activity monitor 

because it has been one of the most (or the most) common accelerometers used in 

research236, especially in large epidemiological studies including NHANES180, 237, 238, the 

Women’s Health Study239, the AusDiab study240and the Health Survey of England241. In 

addition, this monitor has been validated in COPD populations against DLW for the 

measurement of physical activity, being one of the most accurate in detecting different 

walking speeds242 and in estimating activity energy expenditure207, 243. These points are 

important for my studies. By choosing to use this activity monitor, it will allow comparisons 

of the behavioural outputs of my data with those from other populations.  

The device detects acceleration in the vertical (for the uniaxial mode), horizontal, and 

perpendicular axis, which are captured as raw data at rates ranging from 30 to 100 Hz (as per 

user preferences) and are stored in a raw, non-filtered/accumulated format in the units of 

gravity244. The device software (ActiLife 6.11.6 Data Analysis Software, ActiGraph Corp, 

Pensacola, FL USA) summarises the data into counts for a given epoch, with 1-minute a 

common epoch used in studies245. The ActiLife Software categorises these data into a level 

of intensity of physical activity according to a given cut-point. Cut-point is a term that refers 

to the movement-counts output in a certain period of time, for instance, count per minutes 

(CPM). Several studies have been carried out to determine the appropriate cut-point to 

categorise the different spectrums of movement intensity180, 246-248. The ActiGraph has 13 cut- 

points, 3 of them suitable for adults180, 246, 247. One of the most widely used cut-point to 

classify the levels of activity, and the cut-point to be used in this thesis, was developed by 

Freedson and colleagues246 (Freedson’s 1998 cut-point). Subsequent studies included the 

categorisation of sedentary time within this cut-point, as activity counts under the threshold 
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of 100 CPM218, 249, 250. This uniaxial cut-point has been validated both for physical activity180 

and sedentary time188, 201 in studies characterising the level of these behaviours and 

associating the levels of activity and sedentary time with markers of cardiovascular disease. 

A cut-point devised for the tri-axial data, is the one proposed by Sasaki et al.247 and known as 

the Vector Magnitude (VM3). This cut-point considers the sum of the three-axis squared, and 

then takes the square root of this value. Table 1-8 describes the different physical activity 

intensity spectrums according to the number of CPM in Freedson’s 1998 cut-point. 

Table 1-8: Activity spectrums and sedentary time based on Freedson’s 1998 cut-point.  

 

 

 

 

                            From (246). CPM: count per minute. Data obtained from healthy adults. 

 

However, to date there is no consensus on what is the correct cut-point, and several issues 

have been highlighted217. It has been pointed out that due to the dissimilar equations utilised 

to calculate physical activity energy expenditure from acceleration counts, the cut-points 

developed by different devices and studies have resulted in widely different cut-points for 

activity categories, which has hindered comparison between devices and studies251. As a 

result of this limitation, more recent research has suggested that a better estimation of 

physical activity energy expenditure and posture could be achieved with the utilisation of 

machine learning algorithms, which through the use of patterns extracted from raw 

acceleration data are able to derive information about sedentary and active time.252, 253 

 

Sedentary: 0-99 CPM  

Light: 100-1951 CPM  

Moderate: 1952-5724 CPM  

Vigorous and very vigorous: ≥ 5725CPM  
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Some additional issues include217: 

 Most of the cut-points were developed for middle-aged people, and thus the 

extrapolation of this information into elderly population is unclear.  

 Most of the validation studies were performed in laboratory settings and may not 

represent activity under free-living conditions.  

 Most of the “cut-point studies” were performed using uniaxial accelerometers, thus only 

giving outputs for the vertical axis. However, a study from 2012254 showed a strong 

correlation among counts measured in the vertical axis with counts from the VM3.  

 There are conflicting data regarding the most suitable cut-point to measure sedentary 

time in adult populations, with cut-points ranging from 25 to 500 CPM209, 255-257. However, 

the <100 CPM cut-point is easily comparable with estimates in the literature, since it has 

been shown to be detrimentally associated with cardiometabolic measures in adults188, 

and previously reported in large population studies201.  

In addition to these issues, it is recognised that the ActiGraph is not as sensitive as postural-

based accelerometers (such as the activPAL or IDEEA) to measure sedentary time209. One of 

the criteria of being sedentary is to be in a seated, reclined or lying position178. The 

inclinometer of the device does not perform as well as those from other devices209. As such, 

it relies on characterising time as sedentary based on accelerations, which is not as accurate 

as measuring postural changes. 

The ActiGraph can be worn on the waist or wrist depending on the user/researcher 

preferences, and participants needs to remove the monitor during water-based activities245. 
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. 

 

In the next sections, I review the literature focusing on the role of these behaviours in the 

management of COPD and bronchiectasis populations. 

 

 

 

 

The study and measurement of the movement behaviours of physical activity and 

sedentary time are evolving and complex area of enquiry, that are closely related to 

public health messages aiming to reduce the potentially negative impact of these 

behaviours on chronic diseases. Several methods, including population-specific 

questionnaires and activity monitors, have been developed to address this. Among the 

latter, the accelerometer ActiGraph is one of the most widely used in research and in 

population-based studies. The ActiGraph wGT3X-BT is the activity monitor to be used in 

my studies. 
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1.7.4. Characterisation of activity behaviours in obstructive airway disease 
populations: what is the evidence? 

 

As mentioned in section 1.6. (Is physical activity a treatable trait in OAD?), engagement in 

lower levels of physical activity is a risk factor likely to be encountered in people with OAD. 

Characteristics and symptoms such as dyspnoea, cough, impaired exercise capacity, sputum 

production and airflow limitation are common findings among these patients and are likely 

to have a negative impact on the amount of physical activity and sedentary time in which 

these patients engage. These impairments are likely to lead to what has been described in 

COPD as the “dyspnoea inactivity downward spiral”258 (Figure 1-I), a clinical phenomenon 

where deconditioning is perpetuated and worsened due to a vicious circle of decreased 

activity and exercise capacity due to a dyspnoea-related avoidance of activity, that negatively 

impact on symptoms and further impairment of health status. 

 

 

 

 

 

 

 

 

 
Extracted from (258): Reardon J, Lareau S, ZuWallack R. Functional status and quality of life in 
chronic obstructive pulmonary disease. Am J Med. 2006 Oct;119. (Permission requested) 

Figure 1-I: The dyspnoea inactivity downward spiral in COPD  
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Currently, it is well known that physical impairment is a prominent feature of COPD259. 

Additionally, the few studies available suggest that the engagement in sedentary time in this 

population is also likely to be higher than in controls165, 260. However, to what extent this 

applies to other obstructive airway diseases, such as severe asthma and bronchiectasis, has 

not received the same degree of attention.  

In the following sections, I will be summarising the current evidence of physical activity and 

sedentary time in severe asthma (Chapter 2), COPD and bronchiectasis. First, the prevalence 

of these behaviours in COPD will be summarised, followed by the evidence of how these 

behaviours are associated with several disease outcomes. A similar approach will be followed 

for the description of these behaviours in bronchiectasis. Evidence of prevalence and 

associations of these behaviours in adult asthma populations will be thoroughly addressed 

in Chapter 2. 

1.7.5. Physical activity and sedentary behaviour in asthma and severe asthma 

The GINA guidelines recommend that people with asthma should engage in regular physical 

activity for its general health benefits, and as a coadjutant for the management of obesity1. 

However, since the study of physical activity and sedentary behaviour in adults with asthma 

has not been extensively addressed in the literature, important research questions remain 

unaddressed, such as: 

• To what extent adults with asthma may have decreased levels of engagement in 

physical activity and sedentary behaviour compared to adults without asthma? 

• What is the relationship between engagement in these behaviours and asthma 

symptoms?  

• Is the level of engagement in these behaviours is impacted by disease severity? 
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From the results presented in a systematic review of physical activity in adults and children 

with asthma conducted in 2012261, it could be inferred that adults with asthma engage in 

lower levels of physical activity than controls. However, since the primary research question 

of this review was the evaluation of the potential causal relationship between physical 

inactivity and asthma development, neither the level of this behaviour nor its association 

with disease outcomes were topics addressed in depth. 

In Chapter 2 of this thesis I present a published systematic review where the topics of the 

level of physical activity and sedentary behaviour in adults with asthma, and the association 

of these behaviours with disease characteristics are addressed. 

1.7.6. Physical activity and sedentary behaviour in COPD 

Physical  activ ity in COPD 

It has been suggested that intrinsic limitations of the use of self-report methods to measure 

physical activity are that they do not perform very well in recalling lighter intensities of 

activity262. Considering that people with COPD are likely to engage in both rather lighter 

intensity of activity and lower levels of activity, in this section I will focus exclusively on 

studies using physical activity monitors (i.e. accelerometers, pedometers) to measure this 

behaviour in people with COPD. 

 Prevalence of physical activity in COPD 

In the last 20 years, the study of device-measured physical activity in COPD populations is a 

subject that has received considerably more research interest compared to other OAD165, 259, 

263-267. In 1997, Schönhofer et al. described for the first time objectively measured levels of 

physical activity using a pedometer267. The authors found that the mean ± standard deviation 

(SD) daily movement count in the COPD group compared to controls was 3781 ±2320 versus 

8590 ± 4060, respectively (significance not reported). However, movement counters or 



Chapter 1: Obstructive Airway Diseases and Activity Behaviours: Background. 

  

83 

pedometers are not able to provide information on time spent at different intensity levels, 

nor discriminate between different activities267, 268. In 2005, Pitta and colleagues added to 

this evidence base comparing the amount of active-time during the day, and measurement 

of the intensity of activity between people with COPD and controls165. Using a triaxial 

accelerometer (DynaPort Activity Monitor), they reported that people with COPD (mean ± 

SD FEV1 43 ± 18% predicted) accumulated 45.6 % less minutes per day walking and that their 

intensity of walking (intensity levels) was 25% less intense than controls (p < 0.0001 both 

values). 

Since this publication, there has been a growing number of studies measuring physical 

activity in COPD and examining associations with different diseases outcomes. In their 

systematic review, Vorrink et al. found that physical activity impairment was a common 

finding in people with COPD, and that compared to controls, patients have lowers levels of 

activity in terms of duration, intensity and activity counts263. The authors also found that 

COPD severity (measured by the GOLD airflow limitation parameters) was only moderately 

correlated with the decrease in physical activity263. However, it is unclear whether with the 

newly proposed ABCD assessment tool, this finding would hold true. Studies using a 

multisensor activity monitor (SenseWear) in COPD populations across different GOLD 

categories have reported that physical activity (measured as steps, physical activity levels or 

time in moderate-intensity activity) is progressively reduced in patients from GOLD II266, 269, 

and that this reduction is more accentuated in activities of moderate intensity than in 

steps269. For instance, Troosters et al. found that, compared to controls, people categorised 

as GOLD II walked 30% less, but spent 59% less time engaged in moderate physical activity (p 

< 0.02 for the difference)269. In a meta-analysis of steps/day, Saunders et al. reported a 

pooled mean of 4579 (95% CI 4310 - 5208) steps/day for individuals with COPD (I2 =95%, P ≤ 

0.0001). Fifty–five percent of the studies included in this review had a FEV1% predicted lower 
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than 50%270. A study using ActiGraph GT3x in COPD participants (mean FEV1% predicted of 

55%), reported a mean (SD) of 4634±2697 steps/day, and a median [IQR] of 12 (4–26) 

minutes of MVPA/day168. 

 

 Associations with disease outcomes 

There are convincing data regarding the positive impact of physical activity on several 

important clinical end-points in COPD populations271. Its positive impact on mortality, 

exacerbations and health status, among other outcomes, has highlighted the importance of 

characterising this behaviour, and has guided treatment approaches to increase physical 

activity in COPD populations271. 

Longitudinal studies have showed that lower levels of physical activity are strongly related to 

increased risk of acute exacerbations resulting in hospitalisation272, 273, length of time until 

first admission for exacerbation274, and all-cause mortality in COPD patients264, 272, 274. 

Cross-sectional studies have also found that higher levels of physical activity were positively 

associated with clinical outcomes, such as exercise capacity165, 259, 265, quadriceps muscle 

strength and mass 165, 265, 275and health status265, 276; and negatively associated with dynamic 

hyperinflation114, comorbidities277 (such as metabolic syndrome278, and type-2 diabetes276), 

systemic inflammation265, 266, 279, and symptoms271 . 

Sedentary t ime in COPD 

Despite the well-recognised benefit of physical activity in people with COPD, it is likely that 

some patients may struggle to engage in the recommended levels of physical activity due to 

the clinical impairments associated with the disease. This difficulty becomes even more 

pronounced in people with severe disease, especially in those people who need domiciliary-

oxygen therapy to maintain their oxygen levels. Symptoms such as high levels of dyspnoea 
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even at rest, and general deconditioning also increase the difficulty to engage in physical 

activity. Along with encouraging the need to engage in at least some physical activity, the 

reduction of time spent in sedentary behaviours and the improvement of its patterns of 

accumulation (more often interruptions of sedentary time) could be seen as an achievable 

message for people with COPD. As sedentary time is closely and negatively correlated with 

light physical activity, a decrease in the former behaviour may be translated into a higher 

engagement in light physical activity280. In the following sections, I will be presenting the 

evidence of the study of sedentary behaviour in this population, and how it is associated with 

some health outcomes. 

 Prevalence of sedentary time in COPD 

Sedentary time has not been examined in COPD as widely as physical activity, neither with 

devices nor with questionnaires. Nevertheless, some earlier studies also included measures 

of sedentary time. For instance, in 2005 Pitta et al. (using a triaxial accelerometer) reported 

that people with COPD engaged in more sedentary time than healthy controls (sitting time: 

374 ± 139 versus 306 ± 108 minutes/ day and lying time 87±97 versus 29± 33 minutes a day, 

respectively p < 0.004 both). Similarly, a study comparing the levels of sedentary time 

between people with COPD and their partners found that COPD participants engaged in 

significantly higher levels of sedentary time (median [IQR]= 616 [566-663] versus 558 [498-

606], p < 0.0001, respectively)260. Lastly, Furlanetto et al. reported that participants with 

COPD spent a median [IQR] of 7.52 [5.63–8.65] hours/day in a combination of sitting and 

lying position281. Furthermore, Hartman et al. reported that people with COPD (53% of the 

sample categorised as GOLD I and II) spent almost 9 hours per day sitting, and despite that 

the participants with COPD GOLD stage IV sat for about 40 minutes extra than people with 

COPD stage I or II, the amount of time spent sitting was not significantly different between 
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the different GOLD stages282. It is worth noting that none of the studies mentioned above 

used postural-based accelerometers, and in one of them measures of energy expenditure 

(hours/day engaging in <1.5 and < 2 METs) were also reported as sedentary time variables281. 

 Associations with disease outcomes 

Very few studies have assessed the impact or association of sedentary time on disease 

outcomes in COPD. However, some data point towards a detrimental effect in engaging in 

higher levels of sedentary time. For instance, Furlanetto et al. found281 that spending >8.5 

hours /day engaged in activities at < 1.5 MET was an independent predictor of mortality at 

follow-up [median (IQR) 62 (43–88) months of follow-up], even after adjusting for MVPA 

among other variables [hazard ratio (95%CI) 4.09 (1.90-8.79), p < 0.001]. The authors also 

concluded that none of the remaining sedentary variables assessed (hours/day spent: sitting, 

lying, sitting, and lying, in “activities” at < 2 MET) presented acceptable discrimination for the 

mortality analysis (low sensitivity and specificity). In their cross-sectional study, Hartman et 

al. reported that a more positive perception of treatment control, higher introjected 

regulation in exercise, not using sleep medication, and use of long-term oxygen therapy were 

independently associated with longer sitting time, measured with an accelerometer282. 

People with COPD engage in lower device-measured physical activity levels compared to 

people without respiratory diseases. This decrease can be observed from early stages of 

the disease (GOLD II), and it is associated with important disease outcomes and mortality. 

Sedentary behaviour has not been widely characterised, but there are data suggesting a 

deleterious effect on all-cause mortality in COPD participants. No studies have compared 

COPD physical activity levels and sedentary time with other respiratory diseases. 
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1.7.7. Physical activity and sedentary time in bronchiectasis 

Exercise training (the subset of physical activity that is planned, structured, and repetitive155) 

in bronchiectasis has been associated with short and middle term positive respiratory 

outcomes, and less exacerbations over a one year period283. However, compared to COPD, 

the study of physical activity and sedentary time in bronchiectasis are areas that have not 

received the same level of research interest. As a result, it is unclear if the known benefits of 

structured exercise impact on the level of physical activity in people with bronchiectasis. In 

the following sections I will describe the evidence reporting on the levels of these behaviours 

in bronchiectasis populations.  

Considering the scarcity of data on these topics, eligible studies will be reported regardless 

of the type of activity or sedentary measurement utilised (device-measured/ questionnaires). 

Physical activity in bronchiectasis 

 Prevalence of physical activity in bronchiectasis 

Studies measuring the level of physical activity in people with bronchiectasis have suggested 

a lower engagement in this behaviour, compared with people without the disease284-287.  For 

instance, Gale et al.285 found that compared to age-matched healthy controls, people with 

bronchiectasis reported less subjectively measured physical activity (34.6 ± 6 versus 40.8 ± 

2.2 METs, (p = 0.019), respectively). De Camargo et al. also compared the levels of physical 

activity between a bronchiectasis and a control population with a pedometer, finding a 

similar trend towards lower levels of physical activity in people with bronchiectasis (mean 

difference (95%CI) 3,332 (1,758-4,890) steps/day, p < 0.001)287. Some studies characterised 

the level of physical activity in bronchiectasis without comparisons with control groups284, 286. 

For instance, Bradley et al.284, using the ActiGraph GT3X+, reported that people with 

bronchiectasis accumulated 25 ± 20 minutes/day of MVPA, and 6001 ± 2780 steps/day. 
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Similarly, De Camargo et al. reported a median [IQR] of 8753 [5158 -12,632] steps/day286. 

Comparisons by disease severity showed that people with less severe disease have better 

physical activity levels. For instance, the mean ± SD of steps/day for people with mild disease 

was 6898 ± 2783 compared with 5137 ± 2532 for people with moderate to severe disease (p 

= 0.017)284.  

 Associations with disease outcomes 

In their cross-sectional study, Bradley et al.284 reported that daily MVPA and steps/day were 

significantly associated with functional exercise capacity (measured by the modified shuttle 

test), explaining 25.8% and 32.2% of the variance in MVPA, respectively (p < 0.001). 

Significant associations were also reported for daily activity energy expenditure and the 

bronchiectasis quality of life questionnaire (QOL-B) for the respiratory symptoms domain 

(negative association), and for the MVPA in bouts greater than 10 minutes with the QOL-B 

social functioning domain (positive association)284. Similarly, a positive significant association 

between physical activity and exercise capacity was reported in other studies286, 287, as a 

negative association was reported for dyspnoea score287. No significant association were 

found between physical activity and lung function (FEV1% predicted)284 nor quadriceps 

muscle strength287.   

Sedentary time in bronchiectasis 

 Prevalence of sedentary time in bronchiectasis 

To date, only one study has reported on sedentary time in a bronchiectasis population. 

Bradley et al. reported that people with bronchiectasis accumulated a mean 634 ± 77 

minutes/day or approximately 10.6 hours/day. The authors utilised the ActiGraph GT3X+ to 

measure this behaviour284. 
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 Associations with disease outcomes 

Bradley et al. found that sedentary time was only significantly associated with the Marcus 

decisional balance questionnaire. No associations were found for sedentary time and clinical 

respiratory outcomes such as exercise capacity, lung function or health status284. 

 

 

 

 

 

 

 

 

 

The measurement of physical activity in bronchiectasis is considerably less researched 

than in COPD. Data available suggest lower engagement in this behaviour compared to 

people without respiratory disease, although the degree of reduction seems to be less 

severe compared to people with COPD. Very few studies have described associations 

with disease characteristics, with exercise capacity the clinical outcome displaying the 

strongest association. Measures of sedentary time are scarce. 
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1.8. Summary Part 2: movement behaviours section 

 

In section 1.9 of this chapter, I will present the motivation, aims and hypotheses of this thesis. 

In Chapter 2, I will provide a thorough review of the literature on physical activity and 

sedentary time in asthma.

Physical activity and sedentary behaviour are distinct behaviours independently 

associated with several health outcomes, including the incidence and prognosis of 

cardiovascular diseases, type-2 diabetes mellitus, osteoporosis, and breast and colon 

cancer. Considered important modifiable risk factors, several countries, including 

Australia, have released public health recommendations aimed at promoting the 

engagement of healthy-enhancing levels of physical activity, while discouraging high and 

continuous engagement in sedentary time. The measurement of these behaviours is an 

evolving area, and nowadays the use of devices to quantify the different levels of these 

behaviours has become more accessible and common than in the past. In COPD, physical 

activity is very well characterised. The engagement in low activity levels has been 

regarded as a predictor of exacerbation resulting in hospitalisation and increasing the 

likelihood of all-cause mortality in this disease. As a result, clinical guidelines and 

research initiatives are now testing approaches to increase physical activity levels in this 

population. Physical activity levels in bronchiectasis have been considerably less studied, 

but evidence suggests that these sit at a midpoint between values found in people 

without respiratory diseases and people with moderate to severe COPD. Sedentary 

behaviour in both diseases has been considerably less characterised, although in COPD 

studies have suggested a higher engagement compared to controls, and a detrimental 

association between sedentary time and mortality risk. 
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1.9.  Motivation for the present thesis 

In section 1.7.4. (Characterisation of activity behaviours in obstructive airway disease 

populations: what is the evidence?), I reviewed the available literature and reported that 

physical activity impairment is a common finding in COPD and bronchiectasis. Similarly, these 

populations, especially COPD, seem to engage in high levels of sedentary time, although this 

finding requires further research. Higher levels of activity and lower levels of sedentary time 

are associated with important disease outcomes in COPD. In bronchiectasis, less data are 

available, but higher levels of physical activity have been associated with better exercise 

capacity, health status, and less dyspnoea. People with severe asthma are likely to be 

affected by similar activity impairment and high engagement of sedentary time as people 

with other obstructive airway diseases are. However, these behaviours have not been widely 

addressed in severe asthma. Similarly, associations of these behaviours with clinical and 

biological outcomes of the disease have not been explored. For this reason, it is unclear how 

the levels of physical activity and sedentary time in people with severe asthma compares to 

those found in other obstructive airway diseases, such as COPD and bronchiectasis. As a 

result, it is also unclear whether lower physical activity levels are a prevalent characteristic 

in people with obstructive airway diseases, and therefore a risk factor that should be 

addressed jointly, and not only in COPD. 

Lastly, it is unclear if shared pulmonary and extrapulmonary characteristics of these diseases 

are associated with the level of physical activity performed, nor how physical activity is 

interrelated with other extrapulmonary outcomes in their relationship with health status in 

bronchiectasis and severe asthma. 

If physical activity impairment (and sedentary time) in obstructive airway diseases is to be 

considered a treatable trait, these are questions that need to be addressed. 
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In this thesis, I examine the levels of physical activity and sedentary time in severe asthma 

and their association with disease clinical and biological characteristics, and the level of 

physical activity in severe asthma compared to diseases such as bronchiectasis and COPD. 

Furthermore, I explore the relationship of this behaviour with shared pulmonary and 

extrapulmonary characteristics of these diseases, and its relationship with health status. 

In order to frame the study of physical activity and sedentary time in severe asthma, in the 

next chapter (Chapter 2) I will first provide a thorough revision of the literature on the 

prevalence of these behaviours in adults with asthma (including people with different disease 

severity), and how these behaviours relate with different asthma outcomes. In the first 

primary data chapter of my thesis (Chapter 3), I characterise the level of physical activity and 

sedentary time in a severe asthma population compared to healthy controls, and I assess the 

association of these behaviours with different clinical and biological outcomes of the disease. 

In Chapter 4, I compare the levels of physical activity found in severe asthma to diseases such 

as bronchiectasis and COPD, followed by an analysis of the association of this behaviour with 

shared characteristics of these diseases as an OAD group. Lastly, in Chapter 5 I examined the 

interrelationship between health-related quality of life, physical activity and other 

extrapulmonary outcomes that have been previously associated with health status in 

asthma, COPD and bronchiectasis. This last study was carried out in a severe asthma and 

bronchiectasis population with similar clinical characteristics and levels of physical activity. 
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1.10. Aims and Hypotheses: 

The principal aim of this thesis is to assess whether physical activity impairment is a 

prominent characteristic in severe asthma and bronchiectasis, as it is in other obstructive 

airway diseases such as COPD. 

I hypothesised that lower levels of physical activity are a characteristic shared by individuals 

with the obstructive airway diseases of asthma, COPD and bronchiectasis.  

Specific aims and hypotheses 

Aim 1: To update and synthesise the evidence in relation to the prevalence of physical activity 

and sedentary time in adults with asthma (Chapter 2). 

Hypotheses 1: Adults with asthma will present lower levels of physical activity and higher 

engagement in sedentary time than adults without asthma.  

Aim 2: To synthetise the evidence on the associations of physical activity and sedentary time 

with clinical and biological outcomes in people with asthma (Chapter 2). 

Hypotheses 2: Better physical activity and sedentary time parameters will be associated with 

better clinical and biological markers of asthma in adults. 

 

Aim 3: To characterise the level of physical activity and sedentary time in a severe asthma 

population, compared to age and sex-matched controls (Chapter 3) 

Hypothesis 3: People with severe asthma will present lower levels of physical activity and 

higher levels of sedentary time than people without respiratory diseases.  
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Aim 4: To assess the associations of physical activity and sedentary time with clinical and 

biological characteristics of the severe asthma population (Chapter 3) 

Hypothesis 4: In people with severe asthma, higher physical activity and lower sedentary 

time will be associated with better clinical and biological asthma characteristics. 

 

Aim 5: To characterise the prevalence and intensity of physical activity in people with severe 

asthma and bronchiectasis, compared to people without respiratory disease and to people 

with moderate-severe COPD (Chapter 4). 

Hypothesis 5: People with bronchiectasis and severe asthma will present lower levels of 

physical activity compared to people without respiratory disease, but their degree of physical 

activity impairment would not be as severe as that found in participants with moderate to 

severe COPD. 

 

Aim 6: To test whether physical activity is associated with shared clinical and biological 

characteristics found in OAD (Chapter 4). 

Hypothesis 6: In people with obstructive airway diseases, physical activity will be associated 

with shared clinical disease characteristics.  

 

Aim 7: To explore the interrelationships between several extrapulmonary outcomes, 

including physical activity, comorbidities, skeletal muscle function, among others with 

health-related quality of life in an obstructive airway disease population composed of 

participants with severe asthma and bronchiectasis (Chapter 5). 
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Hypothesis 7: In people with severe asthma and bronchiectasis, better extrapulmonary 

characteristics, such as higher physical activity, fewer comorbidities, and better skeletal 

muscle function, will be associated with improved health-related quality of life in participants 

with severe asthma and bronchiectasis.
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1.11. Study design and methods of primary data studies 

Table 1-9: Overview of the design and methods of papers included as part of this thesis. 

Short title and 
chapter 

Design Participants  Assessments Data analysis  

Physical activity 

and sedentary 

time in severe 

asthma  

(Chapter 3) 

Cross-sectional 

study, 

descriptive  

and comparative 

61 adults with severe asthma 

and 61 sex- and age-matched 

participants without 

respiratory disease 

Demographic features, anthropometric measures 

(weight, height, BMI), clinical characteristics 

including smoking history, medical history, 

medication use, severe exacerbations, atopy, 

anxiety and depression scores (HADS). 

Assessments included in analyses: lung function 

(spirometry), functional exercise capacity 

(6MWD), systemic (hs-CRP) and airway 

inflammation (eosinophils and neutrophils in 

sputum, Feno levels), asthma controls (ACQ), 

quality of life (AQLQ), physical activity and 

sedentary time (ActiGraph wGT3X-BT). 

Data collection: Participants from this study were 

recruited concurrently between March 2014 and 

April 2017. 

Differences between groups: 

Student t test, Wilcoxon rank sum 

test. 

Associations between variables: 

simple and multivariable linear 

regression analyses (movement 

behaviours as independent 

variables), logistic regression 

analyses, Spearman rank 

correlation and collinearity 

analyses. 
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Short title and 
chapter 

Design Participants  Assessments Data analysis  

Physical activity 

in obstructive 

airway diseases 

(Chapter 4) 

Cross-sectional 

study, 

descriptive and 

comparative 

62 adults with severe 

asthma, 60 adults with 

bronchiectasis, 67 adults 

with moderate to severe 

COPD, and 63 people 

without respiratory diseases 

Demographic features, anthropometric measures 

(weight, height, BMI), clinical characteristics 

including smoking history, severe exacerbation, 

medical history, medication use, anxiety and 

depression scores (HADS), health-related quality 

of life (SGRQ). Assessments included in analyses: 

lung function (spirometry), functional exercise 

capacity (6MWD), systemic (hs-CRP) and airway 

inflammation (eosinophils and neutrophils in 

sputum, dyspnoea (mMRC) physical activity and 

sedentary time (ActiGraph wGT3X-BT). 

 

 

 

 

 

 

 

Differences between and within 

groups: One-way analysis of 

variance, Kruskal–Wallis, Chi-

square test as appropriate. 

Associations between variables and 

interaction effects: simple and 

multivariable regression models 

(steps/day and MVPA dependent 

variable), Spearman rank 

correlation. 
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Short title and 
chapter 

Design Participants  Assessments Data analysis  

Physical activity 

and health status 

in obstructive 

airway diseases 

(Chapter 5) 

Cross-sectional 

study, 

descriptive and 

comparative 

70 adults with severe asthma 

and 61 adults with 

bronchiectasis 

Demographic features, anthropometric measures 

(weight, height, BMI), clinical characteristics 

including smoking history, medication use, 

functional exercise capacity (6MWT), lung 

function (spirometry). Assessments included in 

analyses: health-related quality of life (SGRQ), 

physical activity (ActiGraph wGT3X-BT), 

comorbidities (CCI score, osteopenia, 

osteoporosis), anxiety and depression symptoms 

(HADS score), systemic inflammation (hs-CRP), 

skeletal muscle function (isometric leg strength 

and presence of sarcopenia). 

Differences between groups: 

Student t test, Wilcoxon rank sum 

test. Associations between 

variables and interaction effects: 

simple and multivariable regression 

models (SGRQ total score and by 

domain score as dependent 

variable). 

Multiple imputation by chained 

equations analyses. 

 

 

BMI: body mass index; HADS: Hospital Anxiety and Depression scale; 6MWD: 6-minute walked distance; hs-CRP: high sensitivity C-reactive protein; ACQ: Asthma Control Questionnaire, AQLQ: Asthma 
Quality of Life Questionnaire; SGRQ: Saint George Respiratory Questionnaire; mMRC: modified Medical Research Council scale; CCI: Charlson Comorbidity Index. 
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2. Chapter 2: Physical activity and Sedentary Time in Adults with 
Asthma 

 

This chapter has been published in JACI: In Practice. 

Citation: Cordova-Rivera L, Gibson PG, Gardiner PA, McDonald VM. A systematic review of 

associations of physical activity and sedentary time with asthma outcomes. J Allergy Clin 

Immunol Pract. 2018 Mar 3. pii: S2213-2198(18)30127-2. doi:10.1016/j.jaip.2018.02.027 

 

An invited short summary of this article has been highlighted in the “Latest Research” 

section of the American Academy of Allergy, Asthma & Immunology (AAAAI) website 

See Appendix I for the published article and supplementary data.  

See Appendix II for the summary published in the AAAAI website. 

https://www.jaci-inpractice.org/article/S2213-2198(18)30127-2/abstract
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Overview of this Chapter 

Lower levels of physical activity and/or high engagement in sedentary behaviour are common 

findings in COPD and bronchiectasis, and these behaviours seem to be associated with 

important adverse disease outcomes. Chapter 1 of this Thesis reviewed these associations 

for COPD and bronchiectasis, however, literature on these behaviours in people with asthma 

has not been extensively reviewed, and thus it is unclear whether they are prevalent in this 

group.  

To address this gap, I aim to update and synthesise the evidence in relation to the prevalence 

of physical activity and sedentary time in adults with asthma and report the associations of 

these behaviours with clinical and biological outcomes in people with asthma. 

I hypothesised that adults with asthma will present lower levels of physical activity and higher 

engagement in sedentary time than adults without asthma, and that better physical activity 

and sedentary time parameters will be associated with better clinical and biological markers 

of asthma in adults. 

This chapter contains the published version of the literature review, which has not been 

updated since publication. 
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2.1. Abstract 

Background: Physical inactivity and high sedentary time are associated with adverse health 

outcomes in several diseases. However, their impact in asthma is less clear.  

Objective: We aimed to synthesise the literature characterising physical activity and 

sedentary time in adults with asthma, to estimate activity levels using meta-analysis, and to 

evaluate associations between physical activity and sedentary time and the clinical and 

physiological characteristics of asthma. 

Methods: Articles written in English and addressing the measurement of physical activity or 

sedentary time in adults ≥18 years old with asthma were identified using four electronic 

databases. Meta-analysis was used to estimate steps/day in applicable studies.  

Results: There were 42 studies that met the inclusion criteria. Physical activity in asthma was 

lower compared to controls. The pooled mean (95%CI) steps/day for people with asthma was 

8390 (7361, 9419). Physical activity tended to be lower in females compared with males, and 

in older people with asthma compared with their younger counterparts. Higher levels of 

physical activity were associated with better measures of lung function, disease control, 

health status, and health care use. Measures of sedentary time were scarce and indicated a 

similar engagement in this behaviour between asthma participants and controls. High 

sedentary time was associated with higher health care use, and poorer lung function, asthma 

control and exercise capacity. 

Conclusions: People with asthma engage in lower levels of physical activity compared to 

controls. Higher levels of physical activity may positively impact on asthma clinical outcomes. 

Sedentary time should be more widely assessed.  
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2.2. Introduction 

Asthma is an obstructive airway disease that causes symptoms of dyspnoea, wheezing, and 

chest tightness. These symptoms, and the fear of provoking exercise induced 

bronchoconstriction (EIB), may have a negative impact on the engagement in physical activity 

in people with asthma1, 288, 289.  

Physical activity and sedentary time have been widely studied in the general population160 

and in chronic obstructive pulmonary disease (COPD).  People with COPD are considerably 

less active and more sedentary than people without respiratory conditions165, 259.  

Furthermore, inactivity in COPD is associated with more exacerbations resulting in 

hospitalisation273, a reduced time to readmission272, and increased all-cause mortality264, 272, 

274. As a result, there are well-established exercise programmes for people with COPD that 

seek to address physical inactivity89, 126. In asthma however, the role of physical activity and 

sedentary time is less clear166, and thus guidelines and interventions to target these 

behaviours in this population are limited. 

In a prior systematic review in adults and children, Eijkemans et al. suggested that people 

engaging in higher levels of physical activity might have a lower risk of asthma incidence261. 

In adults with asthma, they also found a trend towards lower levels of physical activity 

compared to controls261. However, none of the included studies used objective measures 

(accelerometry) to quantify physical activity in adults, and sedentary time was not addressed. 

Another review found that children and adolescents with and without asthma engage in a 

similar amount of objectively measured physical activity290. Despite this evidence, there are 

no reviews of the literature that have evaluated the prevalence of sedentary time in adults 

with asthma, nor reviewed the use of accelerometry to quantify physical activity and 

sedentary time in this population. Additionally, the degree to which the level of physical 
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activity and sedentary time impact on the airway symptoms or clinical outcomes in adults 

with asthma has not been reviewed. 

Our aim therefore is to update and synthesise the evidence in relation to the prevalence of 

physical activity and sedentary time in adults with asthma.  We conducted a meta-analysis of 

studies reporting steps/day in people with asthma and sought to evaluate the associations 

of these behaviours with the clinical and physiological characteristics of the disease. 

2.3. Methods 

2.3.1. Literature search 

Articles written in English and addressing the measurement of physical activity or sedentary 

time in adults (≥18 years) with asthma were identified by a comprehensive search using the 

Medline, Embase, PEDro, and Cochrane databases. Search was conducted in April 2017, and 

updated in October 2017, and included all articles published until the search date.  

Eligible studies were those that: examined the prevalence and patterns of these behaviours 

in asthma populations, or studies analysing the association of these behaviours with clinical 

or biological markers of the disease. We did not include a filter for study design. Details of 

the search strategy are provided in Table 2-1. 
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Table 2-1: Search Strategy. 

                              Search strategy: (#1) AND (#2 OR #3) 

#1 Asthma* or wheez* or “bronchoconstriction” 

#2 “physical activity” or (“physical exercise” or “exercise”) or “walking” or 

“motor activity” 

#3 ("sedentary behaviour" OR "sedentary behavior" OR "sedentary time") OR 

("sedentary lifestyle") OR ("internet time") OR ("computer time") OR 

("television watching" OR "television viewing" OR "television time") OR 

("TV watching" OR "TV viewing" OR "TV time") OR ("screen time") OR 

"sitting time" OR "reading time" 

 

2.3.2. Analysis  

Statistical analysis was performed using STATA 13 (Stata Corp., College Station, TX, USA). The 

continuous outcome (mean steps/day) from relevant studies291-297 was pooled using the 

random-effect model. Authors of three studies were contacted and provided further details 

of their results291, 295, 296. 

2.4. Results  

The initial search yielded 2803 references. A flow diagram298 of the literature search is 

provided in Figure 2-A. 
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 Updated 31 October 2017 

Figure 2-A: PRISMA Flow Diagram Literature search. 
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We identified 42 eligible studies investigating physical activity and/or sedentary time in 

adults with asthma. Population characteristics are presented in Table 2-2. From these 

studies, 18 compared the level of these behaviours in asthma to a control group291-294, 296, 299-

311. Table 2-3 summarises the physical activity measurements utilised in these 18 studies. 

Three studies295, 297, 312 without a control group were also included in Table 2-3 in order to 

provide further details of the activity monitors used. Associations with disease characteristics 

were assessed in 24 studies291-293, 296, 297, 300, 301, 305, 307, 311-325 (Table 2-4). Additionally, two 

studies reported physical activity as a confounder of body mass index (BMI)326, 327, and two 

studies reported physical activity prior to a randomised controlled trial (RCT) exercise 

intervention295, 328. In five studies, the association between current asthma and different 

levels of physical activity was assessed329-333. In general, the studies were quite 

heterogeneous in terms of the population and assessments of activity/sedentary time. 

Studies included 193,821 asthma participants and 1,417,540 controls. Most participants 

were women, and in 31% of the studies the mean age was under 45 years old. Twenty-three 

studies used a self-reported asthma diagnosis299-305, 308, 310, 311, 314, 315, 317-319, 321, 322, 326, 329-333. 

Disease severity or level of control was reported in 15 studies, and populations included 

people with mild, moderate, and severe asthma291-293, 295-297, 306, 307, 311, 319, 320, 323, 326-328.  
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Table 2-2: Demographic characteristics of studies included. 

  Asthma participants Controls 

Cross-sectional studies  

 Country  N Female (%) Age 
 

Current smoking 
(%) 

Disease severity 
(%) 

n Female 
(%) 

Age  

Bacon 2015313 Canada  643 60 53.4 ± 15.4 8.7 n/r n/a n/a n/a 

Bahmer 2017291 Germany  146 51 Severe 
53 Mild to mod. 

55.5  
48.1 

22  
24 

43.1 
56.8 

29 38 42.1 

Beckett 2001329 USA  4547 52 18 to 30 41.1 n/r 4131 55.2 18-30 
Barros 2017326 Portugal  2578 62 20 to >85 21.4 Current: 44 

Persist: 38 
Severe:18 

30066 52.4 20 to >85 

Bruno 2016292 Italy  24 66 38.5 ± 14.2 n/r Mild to mod. 18 55 43.1±14.3 
Chen 2001 299 Canada  1070 61.7 12 to >70 26.7 n/r 15743 55 12 to >70 

Cordova-Rivera 
2017293 

Australia  61 52.5 59 [43 – 68] 6.6 Severe  61 52.5 54 [34 – 63] 

Doggett 2015 300 Canada  1830 69.2 20 to >55 33.1 n/r 18978 54.4 20 to >55 
Dogra 2006 315 Canada  11243 62 40 to 44 n/r n/r n/a n/a n/a 
Dogra 2008 302 Canada  1772$  

3123^ 
63$ 
68^ 

45 to 79 n/r n/r 19864 
 

57 65 to 79 
 

Dogra 2009 301 Canada  6835 62 20 to 64 28.5 n/r 78051 51 20 to 64 
Ford 2003303 USA  12489 64 18 to >70 n/r n/r 147742 48.9 18 to >70 
Ford 2004 317 USA  12111 63.7 44.2 (0.3) 26 n/r n/a n/a n/a 
Grammatopoulou 
2010327 

Greece  100 79 n/r 20 Mild: 58 
Mod:32 
Severe: 10 

n/a n/a n/a 
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Iikura 2013325 Japan  437 53.3 64 [51–74] 7.1 n/r n/a n/a n/a 
 Country  N Female (%) Age 

 
Current smoking 
(%) 

Disease severity 
(%) 

n Female 
(%) 

Age  

Kilpelainen 
2006333 

Finland  10023 61 18-25 3.4 β n/r n/a n/a n/a 

Liang 2015304 Australia  723 51β 18 to 29 2.7 n/r 1891 51 β 18 to 29 
Ma 2016328 USA  330 10.6 47.6 ± 12.4 5.8 

 
UA n/a n/a n/a 

Malkia 1998305 Finland  178 59 30 to 89 n/r n/r 7015 30 to 
89 

n/r 

Mancuso  
2007320 

USA  258 75 42 ± 12 11 Mild to mod n/a n/a n/a 

Moore 2015294 Canada  16 38 27.8 ± 6.1 n/r n/r 16 50 26.6 ± 5.2 
Ramos 2015306 Brazil  20 70 44 ± 6.0 n/r Mod to severe 15 93 39 ± 6.0 
Ritz 2010307 USA  20 70 28 ± 6.8 n/r Mod 20 70 31.6 ± 5.9 
Scott  
2013295 

Australia  14 78.6 43.3 [37-7.8] 30.8 Mild inter: 8 
Mild persist:23 
Mod: 54 
Severe: 15 

n/a n/a n/a 

Strine 2007322 USA  11962 65.5 18 to >75 23.6 n/r n/a n/a n/a 
Teramoto 2011308 USA  880 57.2 18 to >70 n/r n/r 2960 n/r 18 to >70 
Tsai 2011309 Taiwan  27 44 60.8 ± 10.2 11 

 
n/r 27 37 56.8 ± 1.1 

Vancampfort 
2017310 

LMICs  11857 50.8 β 18 to >65 n/r n/r 216167 50.8 β n/a 

Van 't Hul  
2016296 

The Netherlands 
 

 226 62 47.3 ± 15.3 n/r CA:17 
PC:18 
UA: 65 

201 75.6 42.3 ± 16.3 
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Verlaet   
2013311 
 

Portugal  CA:125 
UA:78 

53 
85 

43 ± 28 
54 ± 21.5 

33 61.6 
38.4 

606 50.5 53 ± 24 

Vermeulen 
2016297 
 

Belgium  20 
 

65 39.0 ± 11.9 n/r CA: 10 
PC: 10 
UA: 80 

 
n/a 

 
n/a 

 
n/a 

Vogt 2008332 USA  311 72.3 18 to > 75 n/r n/r 4420 n/a n/a 
Westermann  
2008323 

USA  258 75.9 42 ± 12 n/r Mild to mod n/a n/a n/a 

Yamasaki 
2017312 

Japan  18 55.6 63 ± 11 
 

0 n/r n/a n/a n/a 

Yawn 2015324 USA  533 76 40.6 15.4 n/r n/a n/a n/a 
Zahran 2013330 USA  74779 76 18 to >65 19.5 n/r 869519    51.3 18 - 65+ 
Longitudinal studies 

 Country Follow-up n Female (%) Age* 
 

Current 
smoking (%)  

Disease severity 
(%) 

n Female 
(%) 

Age*  

Bedard  
2017331 

France  Up to 11 years  15353 100 59.2 ± 6.3 8.5 n/r n/a n/a n/a 

Brumpton  
2017314 

Norway Mean 11.6 years  1329 51.6 44.1 ± 12.9 25.1 n/r n/a n/a n/a 

Fisher 
2016316 

Denmark  Mean 16 years 1347 61.8 57.1 ± 4.5 34.9 n/r n/a n/a n/a 

Garcia-Aymerich 
2007318 

Denmark Mean 11 years 153 
 

n/r 52.4 ± 11.6 n/r n/r n/a n/a n/a 
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Garcia- Aymerich 
2009319 

USA Mean 2 years  2818 100 62.7 ± 6.9 5.8 Mild inter: 20.3 
Mild persist:35.6 
Mod: 34.6 
Severe: 9.5 

n/a n/a n/a 

Age reported as mean± SD or (SE), or median [IQR], or range. # Cross-sectional data from a longitudinal cohort. Β: % reported for the whole sample; & only participants with asthma at baseline. $ Values 
for older adults; ^ values for middle aged adults, * results reported correspond to cross-sectional data.  n/a: not assessed; n/r: not reported; Inter: intermittent; Persist: persistent; Mod: moderate asthma; 
CA: controlled asthma; PC: partially controlled; UA: uncontrolled asthma; LMICs: low and medium income countries.  
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2.4.1. Prevalence of physical activity  

Among studies using a control group, eleven291-293, 296, 300, 302, 303, 305, 306, 308, 310 (asthma sample 

=32,606) reported less physical activity in asthma, and six reported no difference294, 301, 304, 307, 

309, 311 (asthma sample=7824). One study299 (asthma sample size=1,070) reported increased 

physical activity in younger adults with asthma (<40 years old), but decreased in older 

participants (>50 years old).  

Activity monitors were used in 8 studies291-297, 312. Five of them included a control group291-293, 

295, 296 (Table 2-3 and 2-4). A meta-analysis (Figure 2-B) found that the weighted mean (95%CI) 

number of steps/day for people with asthma was 8390 (7361, 9419). In the four studies that 

compared the volume and/or intensity of activity, people with asthma tended to accumulate 

less physical activity than controls (Table 2-5). 

Some studies reported an effect of age and sex on activity in asthma.  Three studies reported 

that the decrease in activity in people with asthma was mostly seen in older participants (≥50 

years old)299, 303, 310. For instance, despite their overall results showing that people with 

asthma were more inactive than controls, Ford et al.303 did not find statistically significant 

differences in the association between activity and asthma status in people under the age of 

60.  Some studies reported that males with asthma presented higher levels of activity than 

females with asthma or than their healthy counterparts305, 311, 323, 324.  Furthermore, two 

studies demonstrated that the decrease in activity that develops in older people with asthma 

occurs earlier, or exclusively, in females than males299, 302.   Dogra et al.302 for instance, found 

that the levels of physical activity between middle-age and older males with asthma were 

similar, while older females with asthma were considerably less active than their younger 

counterparts.  
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 Table 2-3: Physical activity measurements in studies with a control group. 

 
 

Studies using questionnaires 
 

   

Study 
 

Asthma definition PA or ST measurement 
 

PA or ST domain Recall period 
 

Outcome 

Chen 
2001299 

Self-reported asthma 
diagnosed by a health 
professional 

PA questionnaire from 
National Population Health 
Survey Canada  

LTPA 12-month  Mean daily energy expenditure (EE) (kcal kg-

1day-1) 

Doggett  
2015300 

Self-reported physician-
diagnosed asthma and use 
of asthma medication. 

Questionnaire  LTPA 
Television-viewing 
time (TVT) 

PA: 1-week  
TVT: typical week in last 3 
months  

PA: frequency and intensity of (measured as 
increase of heart rate and breathing) TVT: >10 
and ≤ 10 hours/week as high and low TVT 
respectively  

Dogra 
2008302 

Self-reported physician-
diagnosed asthma 

Questionnaire from CCHS 
cycle 2.1 

LTPA n/r Active (≥ 1.5 kcal/kg/day) Inactive (<1.5 kcal 
kg/day) (estimated from EE) 

Dogra 
2009301 

Self-reported physician-
diagnosed asthma 

From CCHS cycle 3.1 LTPA n/r Active (>3.0 kcal/kg/day), “Moderately 
active” 
(1.5–3.0 kcal/kg/day), “inactive” (<1.5 
kcal/kg/day) 

Ford 
2003303 

Self-reported physician-
diagnosed asthma 

Questionnaire from 2000 
BRFSS 

LTPA 1-month Frequency and duration. 
EE/week, and PA Index  

Liang 
2015304 

 
Self-reported asthma  

Questionnaire from 
Australian National Health 
Survey 2007-08 

PA 1-week Intensity and frequency 
≥ 800 MET: meeting PA guidelines 

Malkia 
1998305 

Self-reported physician-
diagnosed asthma and 
spirometry. 

Questionnaire LTPA, PA at work and 
during commuting. 

n/r Intensity and frequency METs at work and 
spare time. PA during commuting 

Ramos  
2015306 

Asthma diagnosed by a 
physician 

IPAQ - short form  LTPA Average day in the last 
week 

PA from EE + duration [METs- min/week] 

Ritz  
2010307 

Asthma diagnosed by a 
physician 

Electronic diary    PA in the past 30 
minutes 

3 times/day for 21 days Frequency and intensity 
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Teramoto 
2011308 

Self-reported current or 
lifetime asthma diagnosed 
by a health professional 
 

Questionnaire from 2009 
Nevada BRFSS 

LTPA 1-month Engagement on PA, meet PA guidelines. 
Minutes/ week of MVPA 

Tsai 
2011309 

Asthma diagnosed by a 
physician 

Stanford 7-Day Physical 
Activity Recall  

LTPA 1-week Frequency and Intensity 
METs 

Vancampfort 
2017310 

Self-reported lifetime 
diagnosis of asthma 

Extract from IPAQ LTPA 1-week Volume of MVPA (<150 minutes/week = low 
PA) 

Verlaet  
2013311 

Self-reported asthma IPAQ - short form  LTPA 
Daily sitting time 

Average day in the last 
week 

LTPA: MET-min/week 
Volume of daily sitting time in minutes. 

 
 

Studies using activity monitors    

  

Asthma definition 
 

PA or ST measurement 
 

PA or ST domain 
 

Wear- time protocol 
 

Outcome 
 

Bahmer  
2017291 

Physician-diagnosed 
asthma, and in specialist 
care for > 3 months. 

SenseWear Pro Armband Total PA Worn for 1 week. 
Inclusion: ≥5 days of 22.5 
h 
 

Steps/day 
Average minutes of at least moderate 
activity/day (EE>3 METs) 

Bruno 
2016292 

Recruited according the 
ATS criteria 

SenseWear Armband  Total PA Worn over triceps area for 
4 days, 24 h/day (excluded 
water-based activities) 
Inclusion: n/r 

PA level (mins/day); Active EE (kcal/day); 
steps/day; Total EE (kcal/day) 

Cordova-
Rivera 
2017293 

Asthma diagnosed by a 
respiratory physician 
according to GINA 
guidelines. 

ActiGraph wGT3X-BT Sedentary time 
Total PA 

Worn on dominant hip for 
14-consecutive days, 24 
h/day (sleeping and non-
wear time excluded) 

Minutes/day of: sedentary time, light PA and 
moderate and vigorous and very vigorous PA. 
Steps/day 

Moore  
2015294 

History of asthma and any 
of the following:  positive 
spirometry, positive AHR, 
≥10% decrease in 
FEV1 after an exercise 
challenge 

SenseWear Pro3 Armband  Total PA 
 

Worn over triceps area of 
dominant arm for 3 days, 
24 h/day. Inclusion: 
preferably 2 weekdays, 1 
weekend day.  

Steps/day 
Energy expenditure  
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*Scott  
2013295 

Physician-diagnosed 
asthma, and history of 
AHR 

Pedometer  Steps Worn for 7 days, recording 
steps a diary, (prior 
randomisation) 

Steps/day 

Van’t Hul 
2016296 

Asthma diagnosed by a 
respiratory physician and 
use of asthma medication. 

DynaPort MoveMonitor  Total PA 
Sitting and lying time 

Worn on lower lumbar 
spine for 7 consecutive 
days, 24 h/day (excluded 
water-based activities). 
Inclusion: ≥2 (PA) and ≥5 
(lying) days of ≥22.5 h. 

Hours/day in walking, sitting, and lying.  
Steps/day D.  
PA level (total EE/day): >1.70 active, 1.40 - 
1.69 predominantly sedentary, <1.40 very 
inactive. 

*Vermeulen 
2016297 

Previous asthma 
diagnosis, asthma 
exacerbation. 

SenseWear Armband   Total PA Worn for 7 days 
Inclusion: n/r 

Steps/day, % of time at an intensity: 
 < 3 METs, 3 to 6 METs, 6 to 9 METs and ≥ 9 
METs 

 

*Yamasaki 
2017312 

 
Asthma diagnosed by a 
respiratory physician. 

 
Actiwatch 2 

 
Total PA 

 
Worn for 7 days 
Inclusion: n/r 
 

 
Activity counts 

PA: physical activity; ST: sedentary time; LTPA: leisure time physical activity; EE: energy expenditure; CCHS: Canada community health survey; kcl: kilocalorie; BRFSS: Behavioral risk factor surveillance system; 
MET: metabolic equivalent task; IPAQ: International physical activity questionnaire; AHR: airway hyperresponsiveness; MVPA: moderate to vigorous PA; n/r: not reported. *These studies did not have a control 
group but were included in this table to provide further details of the activity monitors used.  
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 Reduced physical activity in people with asthma. 

From the 11 studies reporting lower levels of physical activity in people with asthma 

compared to controls291-293, 296, 300, 302, 303, 305, 306, 308, 310, four studies used activity monitors291-

293, 296. Van’t Hul et al.296 found that people with asthma spent significantly less time walking, 

engaging in vigorous physical activity, and accumulated less steps/day than controls.  

Cordova-Rivera et al.293 reported that in participants with severe asthma, steps/day and 

moderate and vigorous physical activity (MVPA) were reduced by 31.4% and 47.5% 

respectively compared to controls (p < 0.001 both results). 

From the studies using questionnaires, Teramoto et al.308 reported that control participants 

spent an additional 60 minutes/week engaged in moderate physical activity and 67 

minutes/week in vigorous activity compared to the asthma group (p < 0.001). Ford et al.303 

reported that people with current asthma were more inactive (asthma=30.9%, never 

asthma=27.8% p < 0.001) and engaged in less vigorous physical activity (asthma=12.7%, 

never asthma=14.8% p < 0.001) than people without a history of asthma. Vancampfort et 

al.310 reported that asthma was significantly associated with low physical activity (engaging 

in <150 min/week of moderate and vigorous physical activity), especially in people >50 years 

old (odds ratio (OR)(95%CI) 1.67(1.33-2.10), p < 0.0001).  

The level of activity decreased with loss of asthma control296, and increasing asthma 

severity291, 292. Bahmer et al.291 reported that both steps/day and the time spent in MVPA in 

participants with severe asthma were reduced by 21% and 17% respectively, compared with 

participants with less severe disease (p < 0.05). 

 Maintained physical activity in people with asthma. 

In six studies there were no consistent differences in the level of the activity between the 

asthma and control groups294, 301, 304, 307, 309, 311. One study used an activity monitor294. Verlaet 
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et al.311 found that the proportion of participants performing MVPA was similar among 

people with controlled and uncontrolled asthma compared with controls; 32%, 38.5% and 

33.7% (p > 0.05) for each group respectively. Liang et al.304 reported that the prevalence ratio 

(95% CI) for young adults with asthma (<30 years old) engaging in physical activity at the 

recommended level was 1.09 (0.92, 1.28) compared to those without asthma. 

 Increased physical activity in people with asthma. 

Chen et al.299 found that younger adults with asthma achieved higher levels of activity 

compared to their age-matched healthy counterparts, whereas this pattern of activity 

reversed in the older age group, especially in females. The mean [Standard Error (SE)] energy 

expenditure (EE) for men in the 25-39 years age group with asthma versus their control group 

was 2.16 (0.22) compared to 1.72 (0.15) kcal kg/day-1; and 1.60 (0.14) versus 1.28 (0.06) kcal 

kg/day-1 in the female asthma group compared to female controls (p = 0.02 for both). At the 

age of 40 this trend started to reverse, becoming statistically significant in women >55 years, 

and for both sexes in the ≥70 years group. In the age group ≥70 years, males with asthma 

reported a mean (SE) EE of 0.72 (0.34) versus age-matched controls 1.45 (0.15) kcal kgday-1, 

while females reported a mean of 0.79 (0.17) versus 1.17 (0.07) kcal kg/day-1 (p ≤ 0.02 both 

results). 
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 Authors: Bahmer et al., Scott et al., and Van’t Hul et al. were contacted and provided the mean and standard deviation of their results. 

 

Figure 2-B: Forest plot of standardised mean (95% confidence intervals) for steps/day. 
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2.4.2. Prevalence of sedentary time  

Sedentary time was reported by four studies293, 296, 300, 311.  Two used an activity monitor293, 

296. Van’t Hul et al. reported that asthma participants spent more time lying down compared 

to controls (hours/day mean difference (95% CI) 0.59 (0.15, 1.03) P<0.01), but less time 

sitting than controls (p > 0.05)296. Similarly, another study did not find a significant difference 

in sedentary time between people with severe asthma and controls (minutes/day mean ± SD 

674.4 ± 71 versus 676.2 ± 65, respectively p > 0.05)293. Doggett et al.300 reported that the time 

spent watching TV for over 10 hours/week was 50.4% in the asthma population compared to 

42.9% in the non-asthma group (p <0.05).  

2.4.3. Associations between physical activity or sedentary time and asthma health 

outcomes 

Twenty-seven studies reported associations between the level of activity and asthma health 

outcomes. Five were longitudinal314, 316, 318, 319, 321. Associations with sedentary time were 

addressed in three studies293, 300, 311. Table 2-4 reports the main findings of these studies. 

Further descriptions of these association are summarised in the online supplement.  

The relationship between physical activity and lung function was assessed in 10 studies291-293, 

296, 305, 307, 312, 314, 318, 320. Weak but significant associations were reported in eight studies291-293, 

305, 307, 312, 314, 318, from which two were of longitudinal design314, 318. Measures of asthma 

control or asthma related health status were reported in 13 studies, 12 of them of cross-

sectional design293, 296, 297, 307, 311, 313, 315, 317, 320, 321, 323-325. Most of the studies found a positive 

association between higher physical activity and better clinical outcomes, although in some 

studies these associations were attenuated to the null when BMI was included as a 

confounder313, 321, 323, 324. For instance, in their longitudinal analysis, Russell et al.321 reported 

that the protective effect found for light physical activity on current asthma (defined as 
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reporting asthma symptoms, taking asthma medication, or having an asthma exacerbation 

in the last 12 months) was no longer significant after adjusting for BMI. Vigorous physical 

activity was associated with more asthma symptoms in three studies307, 311, 321.  

Measures of health care utilisation were evaluated in six studies300, 301, 316, 319, 322, 324. Less 

physical activity was associated with increased exacerbation and/or higher health care 

utilisation in four of them300, 301, 319, 322. However, contradicting results were reported in the 

two longitudinal cohorts316, 319. Positive associations between measures of exercise capacity 

and physical activity were reported in two cross-sectional studies293, 320. Higher physical 

activity (steps/day) was associated with lower systemic inflammation (high-sensitivity CRP) 

in one study293. No significant associations were found between physical activity and 

measures of eosinophilic airway inflammation293. 

Higher levels of sedentary time were associated with worse asthma clinical outcomes in two 

cross-sectional studies293, 300. In one of them, these associations were no longer significant 

after adjustment for physical activity293. Doggett et al.300 reported an increased OR (95% CI) 

for GP consultations 2.59 (2.34, 2.87), and hospitalisations in the past year 1.95 (1.82, 2.08) 

and past 5 years 1.13 (1.07, 1.18) (p <0.001 for all results) for adults with asthma who 

reported >10 hours of television time/week compared to those who reported ≤10 hours. 
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Table 2-4: Association between physical activity or sedentary time with asthma outcomes. 

Citation Outcome measures Conclusions 
Bacon 
2015313 

PA, ACQ and AQLQ Participants engaging in high levels of PA (20.1±8.9 METs-h/week) were nearly 2.5 times more likely to have good 
control (ACQ ≤ 0.8) compared with inactive patients [AOR (95% CI) 2.47 (1.06–5.73)].  Results for AQLQ were not 
significant. 

*Bahmer 
2017291 

Steps, spirometry, body 
plethysmography, impulse 
oscillometry. 

Decreased PA in asthma is associated with airway resistance and small airway dysfunction, but not with airway 
limitation. 

Brumpton  
2016314 

PA, lung function decline. Less decline in FEV1/FVC in active asthma participants than inactive asthma participants  
[FEV1/FVC (%): -0.14 (-0.27, -0.01) (p = 0.03)] 

*Bruno  
2016292 

PA, FEV1/FVC, fat free mass and 
Intracellular water. 

PA positively correlated with FEV1/FVC. [Rho = 0.34 (p < 0.05)] 

*Cordova-Rivera 
2017293 

ST, MVPA, Steps, 6MWD, spirometry, 
ACQ, AQLQ, hs-CRP, FeNO, sputum 
eosinophilia. 

Higher levels of PA and lower levels of ST were positively associated with most of the clinical/biological outcomes, 
especially for Steps and exercise capacity (coeff (95% CI) 0.02 (0.00 to 0.04); p < .01) and systemic inflammation, 
and MVPA and ACQ (coeff (95% CI) -1.94 (-3.69 to -0.18); P= 0.032). 

 
Doggett  
2015300 

 
ST (TV time), PA, health care use. 

High levels of TV time associated with: more consultations (AOR (95% CI) 2.59 (2.34   2.87), hospital stays in the 
last year (AOR 1.95 (1.82, 2.08) and in the past 5 years (AOR = 1.13 (1.07, 1.18) 
Insufficient PA associated with higher health care use: hospital stays in the past year (AOR 1.16 (1.08, 1.23) or 
past 5 years (AOR 1.22 (1.16, 1.28) 
 

Dogra 
2006315 

PA (EE), self-reported measures of 
health. 

Higher PA associated to better self-reported health outcomes. 

Dogra 
2009301 

PA (EE), health care use. Lower PA levels associated with higher health care use in people with asthma:  Overnight hospital stays (AOR 
(95%CI) 1.78 (1.31, 2.41); ≥3 GP consultations (AOR 1.26 (1.03, 1.55) 

 Fisher 
2016316  

PA, asthma readmission.  No association between PA and asthma hospital readmissions in people with asthma.  
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Ford 
2004317 

PA, QoL. Physical inactivity (compared to VPA) significant independent predictor of impaired QoL: Poor or fair health OR 
(95% CI)2.36 (1.72, 3.22); >14 days with activity limitation: 2.76 (1.89   4.02); >14 days physically or mentally 
limited: 1.90 (1.59   2.32) 

Garcia-Aymerich 
2009319 

PA (METs-h/week), asthma 
exacerbation. 

Higher levels of PA associated with a lower risk of asthma exacerbation. 

Garcia-Aymerich 
2007318 

Levels of PA, lung function decline.  
 

MVPA in participants with asthma improved lung function decline by gaining 10 ml and 7 ml/ year of FEV1 and FVC 
respectively, compared to the low PA group (significance not reported) 
 

Ikura  
2013 325 

PA and asthma control test (ACT) In MVRA, periodical PA (>3 METs-h/week) was significantly associated with better asthma outcome  

(coefficient = 0.152, p = 0.002) 
 
Mancuso 
2007320 

PA (EE), 2MWT, CRT, asthma control 
(ACQ), severity, and lung function 
(spirometry). 

PA positively correlated with physical performance in both test (2MWT Rho = 0.38; CRT Rho= - 0.39).  
In MVRA, better asthma control associated with more EE from walking, but not with total EE.  FEV1 associated 
with PA only in SLRA. 

Malkia 
1998305 

PA Intensity (METs), lung function 
(spirometry). 

Weak but significant positive correlations of PA intensity and lung function in men only (Rho FEV1=0.26; PEF=0.35) 

 
Ritz 
2010307 

PA intensity, lung function 
(spirometry), SOB, social activity, 
inhaler use. 

 
Higher PA levels associated with higher PEF, higher FEV1 in the morning and evening only, and more SOB. 
 

 
Russell 
2016321 
 

PA with follow-up current asthma (CA) 
and asthma symptoms (AS) 

LPA ≥3 times/week at baseline associated with less follow-up CA [OR (95%CI) 0.44(0.22   0.89)]. Result attenuated 

by BMI. Result for VPA p > 0.05 
 Asthma participants with normal BMI show a significant reduction of AS associated with PA, while the overweight 

and obese category did not. 
Strine 
2007322 

 
Inactivity and measures of asthma 
severity.  

People with asthma who were inactive had significantly poorer control compared to those who were not: 
>3 ER/year (AOR (95%CI):2.4 (1.6, 3.6); GP visit/year (AOR:1.5 (1.1, 2.0); Absenteeism >2 weeks/year: (AOR: 1.7 
(1.3, 2.0); daily symptoms (AOR: 2.5 (1.9, 3.4); Inhaler 30+ times/month (AOR: 1.9 (1.5, 2.5) 
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*Van't Hul 
2016296 

PA, ACQ, AQLQ and lung function 
(spirometry). 

Low PA was correlated with poorer asthma control. No correlation between spirometry and PA (value not 
reported) Nil reference regarding AQOL. 

*Vermeulen  
2016297 

Steps/day, activity limitation (ACQ 
question 3)  

No correlation found between PA and activity limitation. 

Verlaet  
2013311 

PA or daily sitting time (ST), and 
asthma control (CARAT Questionnaire) 

MPA and ST predictor of controlled asthma in men: (AOR (95% CI) 1.84 (1.02, 3.30); (OR: 1.87 (1.06, 3.28) 
respectively. VPA doubled the risk of uncontrolled asthma in women: AOR: 1.94 (1.13-3.35). 

Westermann 
2008323 

Exercise habits, asthma severity and 
asthma control (ACQ)   

Higher BMI was more closely associated with exercise habits than were asthma control and severity, after 
adjusting for demographic variables. 

Yamasaki 
2017312 

PA, oxidative stress and antioxidants in 
blood, spirometry, FeNO, levels of 
vitamins in serum, vitamin intake. 

Significant correlations only for PA (Activity counts/minute) and FEV1/FVC. 

Yawn 
2015324 

Volume and intensity of PA, asthma 
control (APGAR), exacerbations. 

Low PA associated with asthma control only in SLRA. 

 * Studies using activity monitors. PA: physical activity, ST: sedentary time; PAL: physical activity level; LTPA: leisure-time PA; LPA: light PA; VPA: vigorous PA; MVPA: moderate and vigorous PA; Steps: 
average steps/day; ACQ: asthma control questionnaire; AQLQ: asthma quality of life questionnaire; QoL: quality of life; 6MWD: -minute walk distance; hs-CRP: high sensitivity C-reactive protein, FeNO: 
fraction of exhaled nitric oxide; SOB: shortness of breath; 2MWT: 2-minute walk test; EE: energy expenditure; METs: metabolic equivalent task; RM: repetition maximum; FEV1: forced expiratory volume 
in the first second; ER: emergency room; AOR: adjusted odd ratio; CI: confidence interval; SLRA: simple linear regression analysis; MVRA: multi-variable regression analysis; OR: odds ratio; AHR: adjusted 
hazards ratio
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Table 2-5: Activity outcomes from activity monitors. 

  

 

 

 

 

 

 

 

 

 

 

  Steps per day Volume/Intensity of PA or Sedentary time 
(minutes+ or hours^/ day) 

 N Asthma  Controls p-value Asthma  Controls p-value 

Bahmer 2017291 SA: 63 
MA: 83 
C:29 

SA: 6174 [4822-9277] 
MA: 7841 [6534 -
10252] 

8,912  
[6800 - 11127] 

 
< 0.001 

 
MVPA+  

  SA:125 [68 - 172] 
 
  MA:151 [99 - 197]  

 
163 [110 – 207]  

 
<0.05 # 

Bruno 2016292 A: 24 
C: 18 

10,434 ± 3,813 10860 ± 3042 > 0.05 PA+: 69.7 ± 84.2  
AEE: 335 [380] & kcal/day  

93.2 ± 101 
486.7 [435] 

0.04 
0.04 

Cordova-Rivera 
2017293 

SA: 61 
C: 61 

5362 [3999 - 7817] 7817  
[6072 - 10014] 

0.0002 ST+ 
LPA+ 
MVPA+ 

674.4 ± 71 
193 ± 57.5                   
21.9 [12.8 -37.9] 

676.2 ± 65 
171 ± 50.6 
41.7 [29.3, 65.8] 

> 0.05 
0.029 
<0.0001 

Moore 2015294 A: 16 
C: 16 

11125 ± 5487 10711 ± 2675 > 0.05 n/a n/a  

Scott 2013295 A: 33 8341 ± 3377 n/a  n/a n/a  

 
 
Van’t Hul 2016296 

 
 
A: 226 
C: 201 

 
 
7593 [7155 - 8030] 

 
 
8,795  
[8326 - 9263] 

 
 
 0.001 

Sitting^: 8.21 [7.95 - 8.48] 
PAL: 1.53 [1.51 - 1.55] 
LPA^: 1.7 [1.65 - 1.88]  
MPA^: 1.66 [1.58 - 1.74] 
VPA^: 0.34 [0.30 - 0.38] 

8.6 [8.29 - 8.86] 
1.57 (1.55-1.59) 
1.91 [1.80-2.02] 
1.64 [1.55-11.7] 
0.45 [0.41-0.49] 

> 0.05 
0.034 
> 0.05 
> 0.05 
<0.001 

Vermeulen 
2016297 

A:20 
 

10159 ± 3751 n/a  MET 0-3 (% time): 87.2 
MET 3-6 (% time): 12.07 

n/a  

Yamasaki 2017312 A: 18 n/a n/a  +Activity counts: 283.3 ± 81.1 n/a  

SA: severe asthma, MA: mild to moderate asthma. A: asthma, C: controls. Results expressed as mean ± standard deviation or median [IQR]. + reported as minutes/day. ^ 
Reported as hours/day. # P value for whole asthma sample compared to healthy control. &: reported as median [IQR] by the authors. PA: physical activity; AEE: active 
energy expenditure; kcal: kilocalories; PAL: physical activity level; MVPA: minutes of at least moderate PA/day. LPA: light physical activity, MPA: moderate PA, VPA: 
vigorous PA, ST: sedentary time, n/a: not assessed; MET 0-3: metabolic equivalent task of light PA; MET 3-6: moderate PA. Statistically significant results in bold. 
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2.5. Discussion 

This review summarises the literature in relation to the prevalence of physical activity and 

sedentary time in people with asthma, and the associations between these behaviours and 

different disease outcomes.  We found that people with asthma undertake less physical 

activity than people without asthma, and that the level of activity in asthma seems to be 

influenced by age, sex, and disease severity.  

We also found that people with asthma average 8390 steps/day. This is almost double the 

value observed in COPD, where an average of 4579 steps/day was reported (FEV1% < 50% in 

55% of studies included)270. This suggests that while physical activity may be reduced in 

asthma, the degree of reduction is not as severe as in COPD. Nevertheless, there are 

subgroups in the asthma population where physical activity is lower291-293, 296. The two studies 

including people with severe asthma reported a median of around 5800 step/day291, 293. 

Therefore, the estimate of 8390 steps may not be a value applicable to more severe asthma 

populations. However, considering that this is the first meta-analysis of steps performed in 

adults with asthma, and that the objective measurement of physical activity in asthma is a 

fairly recent topic, this value provides a reference that can be updated and developed with 

future studies. 

We found that physical activity seems to be influenced by sex. Several studies reported better 

activity outcomes in men with asthma compared to women.  Similar findings have been 

reported in children with asthma compared to controls, suggesting that lower levels of 

activity are only present in women334, 335. In the general population it has also been found 

that both girls336 and adult females337, 338 do less activity than their male counterparts. 

However, the fact that the decline in activity in middle-aged and older people with asthma is 

seen earlier in women299, 302, may suggest that the disease consequences are more severe, or 
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have a greater impact on health in females. Supporting this observation is evidence 

suggesting that among people with similar asthma severity, women tend to have poorer self-

reported measures of asthma control and health status339 and are twice as likely to be 

admitted to hospital due to acute asthma340. From a societal perspective, this sex difference 

could also be due to changes in physical activity after retirement, with women retiring at an 

earlier age302.  

We also identified a potential effect of age on the level of physical activity, showing that the 

decrease in activity is more pronounced, or even exclusive, in the older asthma population299, 

303, 304, 310. This is in line with evidence that younger people with asthma engaged in similar290 

or higher335, 341 levels of activity compared to their age-matched controls.  Plausible biological 

reasons could relate to the age-related changes in the lung leading to an increased work of 

breathing that are more extreme in people suffering from respiratory morbidity. 

Furthermore, older people with asthma are likely to have a longer duration of disease, 

therefore may have more airway remodelling resulting in incomplete reversibility of airflow 

limitation125. It is also worth mentioning that in the last 30 years, there has been a growing 

body of evidence that supports the adherence to exercise in people with asthma. This 

contradicts previous beliefs that people with asthma should avoid exercise and physical 

activity342. It is likely that the age-effect identified in this review is linked to this paradigm 

shift. Finally, people over 50 years of age with obstructive airway disease show a high degree 

of overlap in features of both asthma and COPD125, so it is possible that the activity levels of 

older people with asthma could be similar to that of COPD populations165, 259, 270; a finding 

that requires further investigation, and may focus physical activity interventions to an older 

age group. 
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In terms of the associations with physical activity, there was a trend showing that higher 

physical activity was modestly associated with better lung function in people with asthma. In 

two longitudinal studies, a trend towards slower lung function decline in active people with 

asthma compared to inactive people was reported314, 318. Studies carried out in the general 

population343, 344 have suggested that this positive impact may be due to the counteracting 

effect that physical activity may have on the age-related chest wall stiffening343, or to a 

potential positive impact on inspiratory muscle endurance345. Among the cross-sectional 

studies, the results were less consistent. Interestingly, in two of the studies reporting a 

positive association between spirometric values and physical activity292, 307 participants were 

relatively young (mean age <39 years), with moderate disease severity, whereas studies in 

severe or uncontrolled asthma population, did not find an association291, 296. A systematic 

review of RCTs of physical training in asthma86 concluded that exercise was not significantly 

associated with spirometric parameters. Similarly, in COPD, spirometric values have shown a 

weak to moderate association with physical activity271. Bahmer et al.291 reported that airway 

resistance and small airway dysfunction were better markers of physical activity than 

spirometric values in moderate and severe asthma participants. Whether the association 

between airflow limitation and physical activity is modulated by time since diagnosis or 

disease severity, needs further investigation. 

Some studies reported a positive association between physical activity and asthma control293, 

296, 311, 313, 325 or health status293, 317, which is in line with studies reporting the beneficial impact 

of exercise protocols on these clinical outcomes81, 83, 87, 346. In some studies, however, the 

strength of these associations was attenuated to the null when confounders such as BMI 

were included313, 321, 323, 324, which suggests that the association between obesity and asthma 

control is stronger than the association between activity and asthma control. Studies 

addressing the relationship between current or incident asthma, BMI and physical activity, 
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have shown similar results329, 331. Nevertheless, another study found that the association 

between asthma control and MVPA was still significant after adjusting for BMI, among other 

confounders293. This suggests that MVPA may still have a modest but independent positive 

effect on asthma control, in addition to its important role in weight management347. Some 

authors also found an increase in asthma symptoms due to engagement in vigorous physical 

activity307, 311, 321. Similar findings have been previously reported, especially in females335, 341. 

A link between strenuous exercises (a component of vigorous physical activity) and the 

development of EIB or exercise-induced asthma symptoms has been well-documented in the 

literature348, 349. In fact, a dose-response relationship has been proposed, where both very 

low levels of activity (inactivity) and vigorous activity are associated with higher risk of 

asthma symptoms, while exercise carried out at a moderate level shows a protective 

effect349.  

In terms of the association with asthma exacerbation and health care use, Garcia-Aymerich 

et al.319 found a longitudinal dose-related protective effect of physical activity on risk of 

hospital admission for asthma exacerbation. Fisher et al.316 did not observe a significant 

association between activity engagement and risk of readmission in people with asthma. 

However, they observed the same pattern in the COPD population, and attributed this lack 

of association to the small number of participants with asthma and COPD at baseline. 

Longitudinal studies in COPD have found that physical inactivity is strongly related to acute 

exacerbations resulting in hospitalisation, reduced length of time until admission for an 

exacerbation, and increased all-cause mortality264, 272-274. The body of evidence for asthma is 

considerably less, and unlike studies conducted in COPD264, 274, very few have relied on 

objective physical activity measures to assess the associations of this behaviour with disease 

outcomes. 



Chapter 2: Physical Activity and Sedentary Time in Adults with Asthma. 

  

128 

Data on exercise capacity was scarce293, 320, but the available evidence suggests that physical 

activity, especially steps, is positively associated with functional exercise capacity. 

Interestingly, a weaker effect was observed for MVPA which may suggest that the biggest 

benefits are obtained by engaging in light to moderate, but more continuous physical activity, 

rather than shorter but intense periods293. Exercise training in patients with asthma can 

improve cardiopulmonary fitness, assessed by the direct oxygen consumption86, and exercise 

capacity measured by the 6MWD improves immediately after a 6-week exercise programme 

(3 weekly supervised sessions of walking training and strength exercises) and at three months 

follow-up83. In an RCT, improvement in aerobic capacity and weight loss were independently 

associated with improvements in asthma control82. This highlights the potential benefit of 

promoting physical activity as a way to improve different impairments in asthma, which 

despite of being assessed as different clinical outcomes, still affect the person in multiple 

dimensions of the disease.  

Fewer studies have examined sedentary time in asthma. Both studies using activity monitors 

did not find significant differences between people with asthma and controls293, 296, but both 

groups were highly sedentary. A third study300 reported that people with asthma had higher 

time watching television than controls.  However, in this study a self-reported proxy of 

sedentary time was used. Higher sedentary time was associated with decreased exercise 

capacity, lung function, and asthma control293, but these associations were attenuated to the 

null when physical activity was included as a confounder. This suggests that the deleterious 

effect of sedentary time may be overcome when engaging in some physical activity192. 

Nevertheless, promoting frequent and longer breaks of sedentary time may be a more 

achievable goal than increasing activity levels in people with obstructive airway disease. In 

COPD, there are data linking objectively measured sedentary behaviour as an independent 

predictor of mortality281. Studies measuring sedentary time with postural-based 
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accelerometers209 are required to explore to what extent sedentary time is occurring in 

asthma and whether it is associated with poorer asthma outcomes.  

2.5.1. Strength and limitations 

This review followed a structured search protocol and used several electronic databases. 

Since the review of Eijkemans et al.261, there have been a growing number of studies 

addressing the prevalence of physical activity in asthma. Additionally, the use of activity 

monitors in asthma is a relatively new topic and was not addressed in the previous review. 

Our review also adds to the literature summarising the evidence of the impact of physical 

activity on different asthma outcomes. Furthermore, to our knowledge, there is no review 

reporting measures of sedentary time in people with asthma. However, there are some 

limitations that need to be considered. Our analysis was restricted to studies published in 

English, and thus we may have missed literature published in other languages. Additionally, 

since we only included studies conducted in adults, these results should not be generalised 

to children. In terms of the studies included, there was a great deal of heterogeneity in the 

clinical asthma and activity outcomes measures, as well as population characteristics. 

Furthermore, most of the studies were of cross-sectional design. Therefore, reverse 

causation of the associations reported must be considered as a possibility. Finally, most of 

the studies were performed either in mild or moderate asthma populations, or severity was 

not reported. As such, the severe asthma population may be underrepresented in this 

review, but this highlights the need for further research in this more complex population. 

Nevertheless, this review provides a complete update of prevalence and associations of these 

two behaviours in people with asthma and provides insight of the gaps in the literature that 

need to be addressed in future studies. 
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2.6. Conclusions 

People with asthma appear to engage in lower levels of physical activity compared to 

controls. Disease outcomes seem to improve as the volume or intensity of physical activity 

increase. However, studies that use objective measures of activity, participants with asthma 

diagnosed according to guidelines1, and more standardised measures of clinical asthma 

outcomes are needed. Also, further studies addressing sedentary time in asthma might help 

to understand whether this behaviour is present, and to what extent is associated with 

poorer asthma outcomes. Specifics subgroups, such as those over 50 years old, and those 

with severe asthma are under researched, and an understanding of how age and severity 

interact in the relationship between activity and asthma clinical or biological outcomes is 

needed. Longitudinal studies and RCTs exploring the direction of the relationships between 

physical activity and asthma outcomes are also needed to improve the consistency of the 

evidence. The results of this review strongly support the need to undertake this research. 

 

2.7. Supplementary information 

Associations between physical activity and sedentary time in asthma health outcomes 
 

Twenty-seven studies reported associations between the level of activity and asthma health 

outcomes. Five were longitudinal314, 316, 318, 319, 321. Associations with sedentary time were 

addressed in 3 studies293, 300, 311. Table 2.5 reports the main findings of these studies.  

The relationship between physical activity and lung function was assessed in 10 studies291-293, 

296, 305, 307, 312, 314, 318, 320. Weak but significant associations were reported in 8 studies291-293, 305, 

307, 312, 314, 318, from which 2 were of longitudinal design314, 318. Brumpton et al.314 reported that 

active people with asthma had a slower decline in lung function at follow-up compared with 
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inactive individuals. The mean decline in the FEV1/FVC ratio was 0.36% and 0.22% per year 

among inactive and active participants with asthma, respectively (p <.03). Bahmer et al.291 

reported that fewer steps/day were associated with increased airway resistance and small 

airway dysfunction. Van’t Hul et al.296 did not find any correlation between measures of 

physical activity and spirometric assessments.  

Asthma control and health status 

Measures of asthma control or asthma-related health status were reported in 13 studies293, 

296, 297, 307, 311, 313, 315, 317, 320, 321, 323-325, 12 of them of cross-sectional design293, 296, 297, 307, 311, 313, 315, 

317, 320, 323-325.The results suggest that higher levels of moderate and vigorous physical activity 

(MVPA) were associated with better asthma control. However, vigorous physical activity was 

also associated with more asthma symptoms307, 311, 321. Bacon et al.313 concluded that 

participants who engaged in the recommended levels of activity were almost 2.5 times more 

likely to have good asthma control compared with less active participants (AOR 2.47; 95% CI 

1.06, 5.73). Cordova-Rivera et al.293 also found a positive association between higher volume 

of MVPA and better asthma control even after adjusting for the time spent sedentary and 

confounders such as BMI, age, and smoking status. The authors reported that a 15-minute 

increase in MVPA was associated with an improved asthma control questionnaire score of 

0.29 units (p < 0.032, adjusted R2 for the model: 0.18). Russell et al.321 found that physical 

activity was positively associated with asthma symptoms only in participants with normal 

weight (BMI < 25), whereas this was not observed in participants with a BMI > 25. In addition, 

in their longitudinal analysis, the relationship between baseline light activity and follow-up 

current asthma (defined as reporting asthma symptoms, taking asthma medication, or having 

an asthma exacerbation in the last 12 months) was attenuated to the null after adjusting for 

BMI. Among studies reporting negative effects of activity, Verlaet et al.311 found that vigorous 
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activity doubled the risk of uncontrolled asthma in females (AOR 1.94; 95% CI 1.13, 3.35); p 

< 0.05), and in their longitudinal analysis, Russell et al.321 found a non-significant negative 

trend on current asthma from higher engagement in vigorous physical activity (AOR [95% CI]) 

of current asthma for 1 to 2 vigorous activity sessions/week: 0.75 (0.38, 1.46) versus >3 

sessions/week: 1.03 (0.42, 2.49). In terms of health status, Ford et al317 reported that inactive 

people with asthma were more than twice as likely to report poor or fair health compared 

with those doing regular vigorous activity (OR [95% CI] 2.36 [1.72, 3.22]). 

Exacerbations and heath care use 

Measures of health care utilization were evaluated in 6 studies300, 301, 316, 319, 322, 324, 2 of which 

were longitudinal cohorts316, 319. In 4 studies, less physical activity was associated with 

increased exacerbation and/or higher health care utilization300, 301, 319, 322. A longitudinal study 

involving women with asthma319 demonstrated that the higher the level of activity 

performed, the lower the risk of admission for exacerbation (p = 0.05 for trend). Strine et 

al.322 reported that inactive people with asthma were more likely to have ≥ 3 visits to the 

emergency department for asthma in the last year (AOR [95% CI] 2.4 [1.6, 3.6]) compared 

with their active peers. Conversely, Fisher et al316 did not find any association between 

readmission for asthma (mean follow-up 16 years) and participation (yes/no) in physical 

activity. However, they reported a non-significant trend in the association between 

readmission for asthma and the time spent in activity. Participants engaging in >4 

hours/week of gardening and cycling had a 10% and 22% reduced risk of readmission for 

asthma, respectively, compared with participants spending <4 hours (hazard ratio [95% CI] 

for gardening 0.90 [0.58, 1.39] and cycling 0.78 [0.49, 1.25]). 
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Exercise capacity 

Measures of exercise capacity were evaluated in 2 cross-sectional studies293, 350. Cordova-

Rivera et al.293 found that steps/day were strongly associated with the 6-minute walk 

distance, even after adjustment for sedentary time and other confounders. The authors 

reported that every 1000-step/day increase was associated with an increased 6-minute walk 

distance of 20 m (p < 0.01, adjusted R2 for the model: 0.35). 

Biological markers 

There was a significant association between steps/day and systemic inflammation (high-

sensitivity C-reactive protein [hs-CRP]) in one of the studies. The authors report that every 

1000-step increase was associated with a decrease of hs-CRP of 17%, after adjusting for 

sedentary time and other confounders. The same study did not find a significant association 

between MVPA and hs-CRP. No significant association was found between physical activity 

and measures of eosinophilic airway inflammation293. 

Sedentary time and health outcomes 

Detrimental associations between sedentary time and outcomes such as exercise capacity, 

lung function, and asthma control were reported in one cross-sectional study293. However, 

these associations were no longer significant after adjustment for physical activity. Doggett 

and Dogra300 reported an increased OR (95% CI) for GP consultations, 2.59 (2.34, 2.87), and 

hospitalizations in the past year, 1.95 (1.82, 2.08), and past 5 years, 1.13 (1.07, 1.18) (p < 

0.001 for all results), for people who reported >10 hours of television time a week compared 

with those who reported ≤ 10 hours. 

 



Chapter 2: Physical Activity and Sedentary Time in Adults with Asthma. 

  

134 

In the next chapter, I will further explore the movement behaviours of physical activity and 

sedentary time in a severe asthma population compared to age- and sex-matched people 

without respiratory disease. 
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Overview of this Chapter 

Physical activity impairment and/or high engagement in sedentary behaviour are common 

findings in COPD and bronchiectasis (Chapter 1), as well as in adults with asthma (Chapter 2). 

These behaviours seem to be associated with important disease outcomes in asthma, such 

as asthma control, health status and exercise capacity. The level of activity seems also to be 

influenced by sex, age and disease severity. Asthma is a heterogeneous disease, and while, 

in general, some aspects of physical activity were less impaired in asthma than COPD, there 

were very few studies that addressed physical activity and sedentary time in severe asthma. 

This is important, because severe asthma is likely to be the stage of the disease when these 

behaviours may be more impaired.  

To address this knowledge gap, in this chapter I will present the results from a published 

cross-sectional study that aimed to characterise the level of physical activity and sedentary 

time in a severe asthma population. The results will be compared to controls without chronic 

respiratory diseases, and I will assess the associations of physical activity and sedentary time 

with clinical and biological characteristics of the severe asthma population. 

I hypothesised that people with severe asthma will present lower levels of physical activity 

and higher levels of sedentary time than people without respiratory diseases, and that in 

people with severe asthma, higher physical activity and lower sedentary time will be 

associated with better clinical and biological asthma characteristics. 
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3.1. Abstract 

Background: Physical inactivity and sedentary time are distinct behaviours that may be more 

prevalent in severe asthma, contributing to poor disease outcomes. Physical activity and 

sedentary time in severe asthma however have not been extensively examined.  

Objective: We aimed to objectively measure physical activity and sedentary time in people 

with severe asthma compared with age-matched control participants, describing the 

associations of these behaviours with clinical and biological outcomes. We hypothesised that 

people with severe asthma would be less active and more sedentary. In addition, more 

activity and less sedentary time would be associated with better clinical outcomes and 

markers of systemic and airway inflammation in people with severe asthma. 

Methods: Adults with severe asthma (n = 61) and sex- and age-matched controls (n = 61) 

underwent measurement of lung function, exercise capacity, asthma control, health status, 

and airway and systemic inflammation. Physical activity and sedentary time were measured 

using an accelerometer. 

Results: The severe asthma and control groups were matched in terms of age and sex (32 

[53%] females in each group). Individuals with severe asthma accumulated less minutes per 

day in moderate and higher intensity activity, median (IQR) 21.9 (12.9-36.0) versus 41.7 

(29.5-65.2) (p < 0.0001) and accumulated 2,232 fewer steps per day (p < 0.0002). However, 

they engaged in more light-intensity physical activity. No differences were found for 

sedentary time. In a multivariate regression model, steps per day were strongly and 

independently associated with better exercise capacity in participants with severe asthma 

(coefficient, 0.0169; 95% CI, 0.008-0.025; p < 0.001). 
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Conclusions: People with severe asthma perform less moderate and vigorous activity than 

do controls. Higher levels of activity and lower levels of sedentary time are associated with 

better exercise capacity, asthma control, and lower levels of systemic inflammation. 
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3.2. Introduction 

Severe asthma is a heterogeneous and complex disease, in which diverse clinical and 

physiological presentations are common33. Severe asthma represents a high patient and 

healthcare burden351. It is, thus, necessary to explore novel strategies to improve health 

status in severe asthma and to minimise this burden. The importance of multidisciplinary 

management approaches in severe asthma has been recognised352. Within these, the 

identification and subsequent management of modifiable risk factors or behaviours, such as 

inactivity, can be seen as an adjunct strategy for the management of the disease154.  

In general populations, physical activity and exercise are regarded as highly beneficial, 

leading to positive health outcomes161, 176, 353.  Engagement in excess sedentary time is an 

important risk factor for the development of several chronic diseases and premature 

mortality163, 164. Physical activity is defined as any bodily movement generated by the skeletal 

muscles and resulting in energy expenditure.  Depending on intensity and metabolic 

equivalent of task (MET) units, it is classified in light, moderate or vigorous physical activity, 

where light corresponds to the lower METs or energy expenditure161. Mild stretching, low 

impact dancing, and running correspond to examples of light, moderate and vigorous 

physical activity, respectively172. Sedentary time, refers to activities performed while awake, 

in a lying or sitting position and expending low levels of energy (≤ 1.5 METs)354. The physical 

activity and sedentary guidelines recommend engaging in at least 150 minutes/week of 

moderate activity, or 75 minutes/week of vigorous activity (or equivalent combination), and 

to sit less and for shorter periods of time355. In other obstructive airway diseases such as 

Chronic Obstructive Pulmonary Disease (COPD), physical inactivity and sedentary time are 

increased compared to healthy controls165, 259. These behaviours have been independently 

associated with worse clinical and inflammatory outcomes271, and increased mortality in this 

disease272, 281. In asthma, a potential link between inactivity and mortality has not been 
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reported. However, higher adherence to physical activity in asthma has been associated with 

better asthma control296, reduced exacerbations319 and reduced health care use322. Data on 

inflammatory parameters are scarce335. 

In severe asthma, inactivity and sedentary time are likely to be particularly extreme due to 

the poor disease control and associated comorbidities, such as obesity, anxiety, and 

depression33. Despite this, very few studies have objectively measured physical activity in this 

population 291, and the prevalence of sedentary time has not been addressed in severe 

asthma. In addition, very few studies have assessed the impact of these behaviours on health 

outcomes in the disease291. 

The aims of this study therefore were to objectively measure physical activity and sedentary 

time in a severe asthma population compared with age-matched controls, and to describe 

the associations of these behaviours with clinical measures such as asthma control, health 

status, exercise capacity, lung function, and markers of airway and systemic inflammation. 

We hypothesised that people with severe asthma are less active and more sedentary than 

are their age- and sex-matched counterparts, and that higher levels of physical activity and 

lower levels of sedentary time in severe asthma are associated with better clinical outcomes 

and lower levels of systemic and airway inflammation. In addition, we sought to test the 

hypothesis that moderate-intensity physical activity can counteract the detrimental health 

outcomes associated with high levels of sedentary time, as it has been previously 

suggested192, 356. 

3.3. Methods 

3.3.1. Participant selection 

A cross-sectional characterisation study was conducted. Adults with severe asthma and sex- 

and age-matched controls were recruited and underwent a multidimensional assessment 
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with objective measures of physical activity and sedentary time. Participants with severe 

asthma were recruited consecutively from the respiratory ambulatory care clinics at John 

Hunter Hospital (Newcastle, Australia) and the clinical research databases of the Priority 

Research Centre for Healthy Lungs at the University of Newcastle (Newcastle, Australia). 

Participants with respiratory physician-diagnosed severe asthma were eligible if they met the 

current guideline definition for severe asthma33: prescribed Global Initiative for Asthma step 

4 treatment or above, defined as 1,000 mg inhaled corticosteroid fluticasone equivalent and 

long-acting b2-agonists1 had evidence of airflow limitation (FEV1 <80% predicted), and 

ongoing poor asthma control (Asthma Control Questionnaire [ACQ]35 score ≥ 1.5 units or had 

experienced a severe exacerbation in the last 12 months requiring oral corticosteroids). 

Participants were clinically stable during visits (no increase in asthma symptoms in the last 4 

weeks). Otherwise, their enrolment was postponed until they were stable. Exclusion criteria 

included malignancy with poor prognosis (< 3 months). Age- and sex-matched controls were 

recruited via the research database of the Hunter Medical Research Institute and community 

advertisement and were eligible if they were older than 18 years and non-smokers and had 

no objective evidence of chronic respiratory disease. 

Ethics approval was granted by the human research ethics committees of the Hunter New 

England Local Health District (08/08/20/3.10) and the University of Newcastle, Australia. The 

study was conducted according to Good Clinical Practice Guidelines and each participant 

provided written informed consent. 
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3.3.2. Procedures 

 Clinical Measurements 

Participants underwent a multidimensional assessment125 involving measurement of height 

and weight, allergy skin prick tests, serum IgE, comorbidities357, anxiety and depression358, 

and smoking status. Further assessments are described below. 

 Exercise capacity 

The 6-minute walk test was performed according to current guidelines359 to measure exercise 

capacity. The 6-minute walk distance (6MWD) was calculated360. 

 Asthma control and health status.  

Asthma control was assessed using the ACQ35. Higher scores represent poorer asthma 

control. Health status was measured using the Asthma Quality of Life Questionnaire 

(AQLQ)361. Higher scores represent better asthma-related quality of life. A change of 0.5 or 

more units is considered clinically significant for both questionnaires362, 363. 

 Airflow Limitation 

Airflow limitation was assessed by measuring spirometry: FEV1, forced vital capacity, and 

FEV1/forced vital capacity ratio (Medgraphics, CPFS/D USB Spirometer; BreezeSuite v7.1, 

MGC Diagnostics, Saint Paul, Minn)364. FEV1 and forced vital capacity percent predicted were 

calculated using the Third National Health and Nutrition Examination Survey predicted 

equations365. 

 Airway Inflammation 

Eosinophilic airway inflammation was assessed in 2 ways: using fraction of exhaled nitric 

oxide (FENO) (ANALYZER CLD 88 Series with DENOX 88; Eco Physics AG, Duernten, 

Switzerland)366 and from sputum eosinophil counts obtained from induced sputum. The 
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samples were induced367 using nebulised 4.5% or 0.9% saline if the prebronchodilator FEV1 

was less than or equal to 1 L. Lower respiratory sputum portions were selected and dispersed 

using dithiothreitol. Total cell counts and cell viability (Trypan blue exclusion) were 

performed, followed by preparation of cytospins for differential cell counts using May-

Grunwald Giemsa. Airway eosinophilia was defined as sputum differential eosinophil count 

of greater than or equal to 3%60. 

 Systemic Inflammation 

Systemic inflammation was measured by peripheral blood high sensitivity C-reactive protein 

(hs-CRP) and analysed through the Hunter Area Pathology Service. 

 Physical Activity and Sedentary Time 

Physical activity and sedentary time were assessed using the ActiGraph wGT3X-BT 

(ActiGraph, Pensacola, Fla), a device widely used in research180, 188, 201, and validated for 

populations with COPD207. This is a small device (4.6 cm x 3.3 cm x 1.5 cm) that participants 

were fitted with to wear on a belt around their waist, positioned over the dominant hip, for 

14 consecutive days. They were instructed to remove the monitor during water-based 

activities and to record sleeping time and non-wear periods in a diary. The ActiGraph 

measures time-varying changes in force and activity levels recorded as counts, which are then 

summed over a user-specified time frame, or epoch245. The device was initialised using the 

ActiLife 6.11.6 Data Analysis Software (ActiGraph, Pensacola, Fla), to collect raw data 

(accelerations or counts) in the vertical axis at 30 Hz rate in an epoch length of time of 10 

seconds. Sleep and any non-wear time were estimated from the diaries and visual 

examination of the ActiGraph data and removed before classification. ActiLife software was 

used to summarise the data. We classified time according to the widely used Freedson’s 1998 

cutoff points: Sedentary (0-99 counts per minute [CPM]), light physical activity (100-1951 
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CPM), and moderate and above physical activity (≥1952 CPM)246. The ActiGraph also captures 

steps per day. Our measures of physical activity and sedentary time were daily time in 

sedentary time (min/d), daily time in light physical activity (min/d), daily time in moderate- 

to vigorous-intensity physical activity (MVPA) (min/d), and daily number of steps (Steps 

[steps/d]). We reported both MVPA and Steps because although the MVPA describes the 

volume of moderate- to high-intensity activity and can be compared with the physical activity 

recommendations355, Steps is an output easy to interpret and could be used as a motivational 

and informative tool both for patients and for clinicians. Sedentary time and light physical 

activity were standardised for wear time by the residuals method368. The data were 

considered valid if there were recordings of 4 or more days, with 10 or more hours of 

recording each day. 

3.3.3. Statistical Analysis 

Data were analysed using STATA 13 (Stata Corporation, College Station, Texas). Values are 

expressed as means with CIs for parametric data and medians with interquartile range for 

nonparametric data. Differences between the group with severe asthma and the age-and 

sex-matched control group were assessed using the Student t test or the Wilcoxon rank sum 

test based on normality. 

The associations between the different clinical and biological outcomes and the behavioural 

variables (sedentary time, MVPA, and Steps) adjusting for potential confounders (body mass 

index and current smoking status) were estimated using simple linear regression analysis. 

Each behavioural variable was used as a predictor of a given clinical or biological outcome 

(dependent variable: FEV1% predicted, 6MWD, ACQ score, AQLQ score, FENO, and hs-CRP). 

Age and sex were regarded as biological confounders and included in all the models. 

Behavioural variables and confounders with a p value of less than 0.2 were also included in a 
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stepwise multiple linear regression analysis to identify the associations between each 

behavioural variable (sedentary time, MVPA, and Steps) and each biological/clinical outcome 

(model 1). To test whether moderate physical activity (Steps or MVPA) can counteract the 

detrimental health outcomes associated with sedentary time, further models were used, 

adjusting for sedentary time as well as other confounders (model 2). Assumptions for linear 

regressions were met. Collinearity between the activity (MVPA or Steps) and sedentary 

variables was rejected. Hs-CRP and FENO were transformed to the natural logarithm for the 

linear regression. This means that the dependent variable changes by 100 x [exp (coefficient) 

- 1] percent for each 1-unit increase in the independent continuous variable. Logistic 

regressions were used to test the associations of sedentary and active time with airway 

eosinophilia, and the association between better performance in the 6-minute walk test 

(defined as ≥ median [≥499 m]) and higher engagement (≥ 30 minutes) in MVPA. Spearman 

rank correlation tested the relationship between activity variables and 6MWD. Results were 

reported as significant when p was less than 0.05. 

3.4. Results 

3.4.1. Characterisation of the study population 

A total of 143 participants (those with severe asthma = 74, controls = 69) completed the study 

and 122 (those with severe asthma = 61, controls = 61) were included in the analysis; 21 

participants were excluded because of not having valid accelerometer data (those with 

severe asthma = 8, controls = 5) or because they did not fulfil the disease inclusion criteria 

after assessment (those with severe asthma = 5, controls = 3). Participants with severe 

asthma had long-standing disease (median, 27 years) and poor asthma control. They also had 

a higher body mass index and increased prevalence of atopy, lower lung function, and higher 
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scores of anxiety and depression compared with age- and sex-matched controls. 

Demographic and clinical characteristics are presented in Table 3-1 
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Table 3-1: Demographics and clinical characteristics.  
 Severe asthma Controls p -value 

N 61 61  

Gender, F|M (% females) 32|29 (52.46) 32|29 (52.46) 1 

Age (years), median [IQR] 59 [43 - 68] 54 [34 - 63] 0.0633 

BMI (kg/m2), mean (95%CI) 30.00 (28.06, 31.89) 25.40 (24.42, 26.38) 0.0001 

Smoking status,  

(%) current | ex 

6.6|47.5 0 |29.5  

Pack year, mean (95%CI) 5.0 (2.71, 7.28) 3.0 ( -0.43, 6.35) 0.322 

Years since diagnosis,  

median [IQR] 

27.11 [15.03 - 50.76] n/a  

OCS, % participants medicated 39.34 n/a  

ICS* dose (mcg),  

mean(95%CI) 

1091.10 (961.25, 1220.96) n/a  

Pre-bronchodilator FEV1 (litres),  

mean (95%CI) 

2.27 (2.05, 2.49) 3.20 (2.98, 3.42) <0.0001 

Pre-bronchodilator FEV1%pred,  

mean (95%CI) 

75.12 (69.41, 80.82) 96.94 (93.44, 100.45) <0.0001 

Pre-bronchodilator FVC (litres), 

mean (95%CI) 

3.39 (3.13, 3.66) 4.01 (3.75, 4.27) 0.0012 

Pre-bronchodilator FVC% pred,  

mean (95%CI) 

87.01 (82.32, 91.71) 96.51 (93.16, 99.85) 0.0013 

FEV1/FVC ratio, mean (95%CI) 0.67 (0.63, 0.69) 0.80 (0.78, 0.81) <0.0001 

Hs-CRP (mg/L), median [IQR] 1.8 [1 - 6] 1.1 [0.6 - 2.5] 0.0024 

FeNO (ppb), median [IQR] 11.5 [5.42 - 31.45] 9.84 [4.6 - 18.3] 0.1024 

Sputum Eosinophilia (≥3%),  

n (%) 

29 (59.2) 5 (11.36) <0.0001 

IgE (IU/mL), median [IQR] 225.500 [70 - 498] n/a  

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

HADS (anxiety score),  

mean (95%CI) 

6.67 (5.70, 7.64) 3.80 (3.02, 4.58) <0.0001 

HADS (depression score),  

mean (95%CI) 

4.57 (3.81, 5.34) 1.37 (0.92, 1.82) <0.0001 

CCI score ≥ 1, n (%) 16 (26.70) 2 (3.28) 0.0003 

ACQ (units), mean (95%CI) 2.23 (1.95 - 2.50) n/a  

AQLQ (unit), mean (95%CI) 5.15 (4.85 - 5.46) n/a  



Chapter 3: Physical Activity and Sedentary Time in Severe Asthma. 

  

148 

MI: body mass index; OCS: oral corticosteroids; ICS: inhaled corticosteroids, ICS*: Fluticasone equivalent; FEV1: 
forced expiratory volume in the first second; FVC: forced vital capacity; hs-CRP: high sensitivity c-reactive protein; 
eNO: fractional exhaled nitric oxide; IgE: immunoglobulin E; HADs: hospital anxiety and depression scale; CCI: 
Charlson comorbidity index, ACQ: asthma control questionnaire; AQLQ: asthma quality of life questionnaire; 
6MWD: 6-minute walk distance ; n/a: not applicable or not assessed. Bold indicates statistical significance (p < 
0.05) 

. 

Severe exacerbation past year,  

median [IQR] 

2 [1 - 5] n/a  

6MWD (meters),  

median [IQR] 

499 [417.7 - 542.2] 616.2 [568.4 - 659.30] <0.0001 

6MWD % predicted,  

mean (95%CI) 

71.78 (68.13, 75.44) 85.71 (82.51, 88.92) <0.0001 
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3.4.2. Physical activity and sedentary time in the group with severe asthma and the 
age- and sex-matched control group 

 

Compared with controls, people with severe asthma performed less activity of at least 

moderate intensity. The group with severe asthma had a median difference of 19.8 fewer 

minutes of MVPA per day (p < 0.0001) and 2455 fewer steps per day (p < 0.001). Conversely, 

the population with severe asthma engaged in more light physical activity, with a mean (95% 

CI) difference of 21.7 (2.2-41.1) more minutes per day (p = 0.029). No statistically significant 

differences were found in sedentary time between the 2 populations (Figure 3-A). 

 

 Values reported as mean ± SD or median [interquartile range]. Number of participants in each group (n= 61). 
HC: controls, SA: severe asthma; PA: physical activity 

Figure 3-A: Sedentary time (a), light PA (b), moderate and vigorous PA (c) and steps/day 
(d) in severe asthma and age- and sex-matched controls. 
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3.4.3. Associations of physical activity and sedentary time with clinical outcomes 

and biological markers in participants with severe asthma 

 Exercise capacity.  

Physical activity (Steps and MVPA) and sedentary time were significantly associated with 

exercise capacity, explaining 35.25%, 29.69%, and 27.3% of the adjusted variance in the 

6MWD, respectively (Table 3-2/model 1). For every additional 1,000 steps, there was a 16.9-

m increase in the 6MWD. For every minute increase in sedentary time, there was a decrease 

of 0.47 m in the 6MWD. Accordingly, every additional hour spent sedentary is associated with 

a 28.2-m reduction in the 6MWD. 

There was a linear relationship between Steps and the 6MWD (Figure 3-B, a). For MVPA 

(Figure 3-B, b) there was also an apparent threshold effect where those participants with a 

6MWD performance of greater than or equal to the median (499 m) were also the 

participants engaging daily in 30 minutes or more of MVPA, a volume of activity that fits 

within the physical activity recommendations12 (OR, 6.09; p = 0.005). This suggests that a 

value of around 500 m in the 6MWD could identify individuals engaging in recommended 

levels of MVPA. Simultaneously including sedentary time with MVPA or Steps in the model 

attenuated the associations of MVPA and sedentary time to the null. However, the 

association of Steps with exercise capacity remained similar and still statistically significant 

(Table 3-2/model 2). A 1,000-step increase was associated with better performance in the 

6MWD by 21 m. This suggests that regardless of the time spent sedentary, higher levels of 

walking were still strongly associated with a significant improvement in exercise capacity. 
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Table 3-2: Association of physical activity and sedentary time with exercise capacity as 
6MWD. 

 

 

Model 1. Models for 6MWD 
 

Coefficient (95%CI) Significance Adj. R2 

ST -0.47 (-0.79, -0.14) 0.006 0.27 

MVPA 1.70 (0.64, 2.75) 0.002 0.30 

Steps 0.01 (0.00, 0.02)  0.000 0.35 

Model 2   

Steps 
 

ST 

0.02 (0.00, 0.04) 0.010  
0.35 

0.18 (-0.39, 0.75) 0.531 

MVPA 
 

ST 

1.24 (-0.32, 2.80) 0.117  
0.29 

-0.19 (-0.66, 0.28) 0.429 

BMI, Body mass index; PA, physical activity; ST, sedentary time. Model 1 = each behavioural variable (ST, MVPA, 
or Steps) as a predictor of exercise capacity. Model 2 = PA (Steps or MVPA) as a predictor of exercise capacity, 
after adjustment for ST and confounders. Models adjusted for age, sex, and BMI. Bold indicates statistical 
significance (p < 0.05). 

A, Rho=0.453; B, Rho=0.502 (p < 0.001 both) 

Figure 3-B: Relationship between physical activity and 6MWD. 
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 Lung function, asthma control, and health status.  

The activity and sedentary variables were also significantly associated with lung function, 

asthma control, and health status, except for Steps and FEV1% predicted, and sedentary time 

and the AQLQ score. In contrast to the impact of activity on exercise capacity, the effect on 

these clinical outcomes was weaker but nonetheless statistically significant and biologically 

plausible. For every 10-minute increase in MVPA, the ACQ score decreased (improved) by 

0.21 units, whereas the AQLQ score increased (improved) by 0.16 units (Table 3-3/model 1). 

These results suggest that a 25-minute increase in MVPA is associated with a clinically 

significant improvement in ACQ score (0.52 units). Regarding sedentary time, every 100-

minute increase in this behaviour is associated with a clinically significant decline in the ACQ 

score (0.51 units). The only activity variable that remained statistically significant after 

adjustment for sedentary time was ACQ score and MVPA. Every 15-minute increase in MVPA 

was associated with a decrease (improved) of 0.29 units in ACQ score (Table 3-3/model 2). 

The coefficient of sedentary time was also attenuated to the null in this model. In the 

remaining models, the activity (MVPA or Steps) and sedentary variables together were 

mutually excluded. Nevertheless, in most of the models, the direction of the coefficients 

indicated that the decrease in sedentary time and the increase in activity led to modest 

improvements in clinical marker 

 

 

 

 



Chapter 3: Physical Activity and Sedentary Time in Severe Asthma. 

  

Table 3-3: Association of physical activity and ST with clinical outcomes. 

 

 

 

 

 

 

 

 

 

 

Model 1 Models for FEV1 (%) Models for AQLQ (units) Models for ACQ (units) 
 

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

ST -7.90 (-15.63, -0.17) 0.045 0.10 -0.35 (-0.76, 0.04)  0.081 0.15 0.51 (0.14, 0.89)  0.007 0.12 

MVPA 28.69 (3.31, 54.07) 0.027 0.11 1.59 (0.29, 2.89)  0.018 0.19 -2.15(-3.33, -0.97) 0.001 0.19 

Steps 0.17 (-0.03, 0.38)  0.096 0.08 0.01 (0.00,0.02)  0.015 0.20 -0.01(-0.02, -0.00) 0.005 0.13 

Model 2        

Steps -0.00(-0.38, 0.37) 0.994  
0.08 

0.01(-0.00, 0.03) 0.078  
0.19 

-0.00(-0.02, 00.0) 0.304  
0.12 

ST -7.95(-22.25, 6.35)  0.27 0.19 (-0.53, 0.23) 0.597 0.21 (-0.47, 0.90)  0.537 

MVPA 20.65 (-17.43, 58.73) 0.282  
0.10 

1.59 (-0.37, 3.55) 0.111  
0.18 

-1.94(-3.69, -0.18)  0.032  
0.18 

ST -3.27 (-14.78, 8.23) 0.571 -0.00 (-0.59, 0.59) 0.998 0.08(-0.44, 0.62)  0.740 

Adj., Adjusted; BMI, body mass index; Sig., significance; ST, sedentary time. For rationale of models 1 and 2, refer to captions in Table 3.2. All models adjusted 
for age and sex. AQLQ score adjusted for smoking status. ACQ score adjusted for smoking status and BMI. Bold indicates statistical significance (p < 0.05). 
*Coefficients and CI expressed as x 10-2. 
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 Biological markers.  

No relationship was found between the behavioural variables and eosinophilic airway 

inflammation measured by sputum cell counts (Table 3-4). In simple linear regression 

analyses, the significance level for FENO was more than 0.2 and thus not included in the 

stepwise model.  

Steps were significantly associated with hs-CRP. For every increase of 1000 steps, the hs-CRP 

was reduced by 13%. No relationship was found between hs-CRP and MVPA or sedentary 

time (Table 3-5/model 1). Only Steps remained significantly associated with hs-CRP after 

adjustment for sedentary time. For every increase of 1000 steps, the hs-CRP was reduced by 

17% (Table 3-5/model 2). The coefficients for the associations of sedentary time were 

attenuated to the null. The model explained 48.6% of the variance in systemic inflammation. 

 Table 3-4: Association of physical activity and ST with airway inflammation. 

 

 

 

 

 

 

 

 

Simple logistic regression airway eosinophilia 
 

Odds ratio (95%CI) Sig Adj. R2 

ST   1.00 (0.99, 1.01) 0.315 0.02 

MVPA 1.01(0.98, 1.035) 0.470 0.01 

Steps 1.00(0.99, 1.00) 0.246      0.02 

ST, Sedentary time. Airway eosinophilia defined as eosinophil count of ≥ 3% in sputum cell 
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Table 3-5: Association of physical activity and sedentary time with inflammatory 
biomarkers. 

 

3.5. Discussion 

This study has described the extent to which individuals with severe asthma engage in 

physical activity and sedentary time compared with a sex- and age-matched control 

population. We have demonstrated that people with severe asthma are considerably less 

active. In addition, we found that levels of activity and sedentary time are strongly and 

independently associated with exercise capacity, and to a lesser extent with other important 

clinical and biological outcomes. Our results also demonstrate that the detrimental effects of 

sedentary time are attenuated when participants engage in some physical activity, especially 

of moderate or higher intensity. 

In terms of the levels of activity and sedentary time, our results are consistent with those of 

several studies conducted in patients with mild and moderate asthma using both objective 

and subjective activity measurement291, 296, 299, 300, 303. However, very few studies have 

Model 1 SLR models for Ln-FeNO Models for Ln_hs-CRP 
 

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

ST 1.92 (-2.23, 6.07) 0.358 -0.00 3.36(-0.08, 6.80)  0.56 0.45 

MVPA -1.02(-14.74, 12.70) 0.882 -0.02 -10.47 (-21.79, 0.84)  0.069 0.45 

Steps -0.02(-0.13, 0.08) 0.617 -0.01 -0.13(-0.22, -0.03)  0.006 0.49 

Model 2     

Steps  
N/D 

-0.17(-0.34, -0.00)  0.038  
0.49 

ST -2.09(-8.24, 4.04)  0.497 

MVPA  
N/D 

-5.15(-21.95, 11.63) 0.54  
0.45 

ST 2.20 (-2.92, 7.32) 0.393 

Adj., Adjusted; BMI, body mass index; Ln_FENO, natural logarithm FENO; Ln_hs-CRP, natural logarithm hs-
CRP; ND, not done; Sig., significance; SLR, simple linear regression analysis; ST, sedentary time. For rationale 
of models 1 and 2, refer to captions in Table 3.2. Ln_hs-CRP was adjusted for age, sex, and BMI. Bold indicates 
statistical significance (p < 0.05). *Coefficients and CI expressed as x 10-3. 
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objectively examined physical activity in patients with severe asthma291, and to our 

knowledge this is the first study to report levels of sedentary time in this population. Our 

finding that people with severe asthma move 31.4% fewer steps per day compared with a 

control group is consistent with the finding of a recent study that reported 31% lower 

steps291. However, in comparison to Bahmer et al291, our study reported a larger difference 

in MVPA between people with severe asthma and controls (47.5% vs 23%), and the 

participants in our study were less active than the participants in the Bahmer et al291 study 

(22 min/d vs 125 min/d of MVPA). It should be noted though that the authors291 used a 

different device to measure MVPA (SenseWear Pro Armband; BodyMedia, Pittsburgh, Pa). 

Studies using the ActiGraph in a bronchiectasis population284 have reported similar activity 

results as our study.  

We observed that the difference in physical activity between patients with severe asthma 

and controls is larger for higher intensities of activity than for Steps. This finding has also 

been reported in patients with mild to moderate COPD269, and suggests that activity 

limitation is first manifested at higher intensities of activity rather than lighter. In fact, our 

population with severe asthma accumulated more minutes in light physical activity than did 

healthy controls. 

In the general adult population, a widely promoted target for a desirable level of activity is  

10,000 steps369. Our population with severe asthma achieved only 5362 daily steps, thus a 

little more than half of the recommended level, and similar to the level reported in patients 

with moderate to severe COPD266, 269 and patients with bronchiectasis284. This suggests that 

people with obstructive airway disease regardless of diagnosis are engaging in levels of 

activity that are far below those recommended for adult populations. Direct comparisons 

between these populations have not yet been reported. 
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The beneficial role of physical activity and exercise on outcomes such as exacerbations, 

asthma control, cardiopulmonary fitness, and health status has been previously described in 

populations with general asthma86, 87, 313, 319, 322. However, to our knowledge, this is the first 

time that the association between exercise capacity and objectively measured physical 

activity and sedentary time has been reported in patients with severe asthma. Sedentary 

time attenuated the associations of MVPA with exercise capacity but not the associations of 

Steps with exercise capacity. This suggests that the greatest benefit on exercise capacity is 

achieved by performing activity of light to moderate intensity distributed throughout the day, 

rather than more vigorous but sporadic activity. 

The 6MWD has been identified as a predictor of survival in COPD370 and associated with 

hospitalisation and increased mortality371-373. In COPD, a 6MWD of 350 m or less is regarded 

as poor performance372. We found that individuals with a 6MWD of 499 m or more were 6 

times more likely to engage in recommended levels of MVPA (≥30 minutes daily)355, 

suggesting that this distance may be a suitable cutoff for people with severe asthma. 

However, this requires further investigation. A difference of 30 m or more has been proposed 

as the minimal clinically important difference, and furthermore a decrease of this magnitude 

is associated with increased risk of death in COPD374. To date the 6MWD minimal clinically 

important difference for severe asthma is not known. However, the fact that an increase of 

1,000 steps was associated with an increase of 22 m (after adjusting for sedentary time) 

indicates the potential benefits of targeting physical activity as a modifiable behaviour in 

severe asthma. 

Our study also found that physical activity and sedentary time are associated with asthma 

control, health status, and lung function. The strength of the associations was rather modest 

and a very large change in activity (>4,000 Steps or >25 minutes of MVPA) was necessary to 
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reach the 0.5 unit minimal clinically important difference defined for the ACQ363 and the 

AQLQ362. However, because the promotion of activity in severe asthma should be considered 

as an adjunct treatment, it may contribute to improved disease control when combined with 

pharmacological and other risk factor management. 

We did not find any association between the activity or sedentary variables and measures of 

eosinophilic airway inflammation. However, it should also be noted that our population was 

on maximum-intensity inhaled corticosteroid therapy, and this may have modified any 

potential relationship between the behavioural variables and airway eosinophilia or FENO. 

This is further supported by the finding that FENO levels, a marker of corticosteroid 

responsiveness366, were not different between the severe asthma and control populations, 

suggesting that FENO was suppressed by inhaled corticosteroid treatment. These findings 

suggest that the pathway of inactivity in severe asthma may be more related to 

breathlessness and/or exercise capacity than to airway inflammation. 

Others have reported the positive impact of exercise on markers of airway inflammation 

(FENO and sputum eosinophilia). This may relate to the baseline characteristics of the 

participants rather than exercise itself as studies have reported decrease in FENO after a bout 

of exercise in physically inactive people with asthma and not in those who were active375, and 

participants with increased inflammatory parameters (FENO ≥26 ppb and ≥3% sputum 

eosinophils) had the greatest improvement after exercise training87. Whether the positive 

effects of exercise on airway inflammation can be reproduced by shifting to higher and 

extended levels of daily physical activity needs further investigation. 

In terms of systemic inflammation, we found that more steps per day were associated with 

lower hs-CRP levels, after adjustment for body mass index, sedentary time, and other 

confounders. This suggests a potential benefit of physical activity as a complementary 
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therapy to target systemic inflammation in severe asthma. The role of hs-CRP in the clinical 

management of severe asthma is still unclear. However, there are data linking systemic 

inflammation to increased risk of exacerbation10, and to increased asthma severity376. 

Exercise also appears to have anti-inflammatory effects377. In COPD, it has been 

demonstrated that higher levels of physical activity are independently associated with lower 

levels of hs-CRP278, 378. However, very little data exist on systemic inflammation and exercise 

in asthma. One study reported a reduction in serum proinflammatory cytokines (IL-6 and 

monocyte chemotactic protein 1) after aerobic training87. Interestingly, Scott et al379 reported 

decreases in serum IL-6 levels with exercise and diet, but not with exercise alone, and no 

change in hs-CRP with either intervention. Our findings may support the idea that activity 

carried out at a moderate level has a more beneficial effect on systemic inflammation than 

more strenuous, but acute, activity. 

Our study has some limitations. Because of its cross-sectional design, it is not possible to infer 

causality of our findings. We chose to use the ActiGraph because despite of being developed 

as a research tool, it is becoming increasingly used in population studies180, 356 as well as in 

clinical setting studies284. This device has been validated in populations with COPD, being one 

of the most accurate in detecting different walking speeds242 and estimating activity energy 

expenditure207, 243. However, sedentary time has been shown to be more accurately 

measured with postural-based accelerometers, such as activPAL209. Also, there are conflicting 

data regarding the most suitable cutoff point for ActiGraph to measure sedentary time in 

adult populations, with cutoff points ranging from 25 to 500 CPM209, 255-257. It has been 

suggested that both activity and sedentary parameters can vary greatly depending on the 

cutoff point used257. The less than 100 CPM cutoff point that we used has been shown to be 

detrimentally associated with cardiometabolic measures in adults188, and previously 

reported in large population studies201. Thus, our prevalence results could be compared with 
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previous estimates in the literature188, 229, 284. In addition, considering the scarce information 

available on sedentary time in patients with severe asthma, these data provide useful insight 

into how this behaviour is associated with both different spectrums of activity and different 

disease outcomes. Last, we acknowledge that we have not addressed several comorbidities, 

such as cardiovascular diseases and musculoskeletal conditions that may negatively impact 

on the level of activity and sedentary time or interact with some of the dependent outcomes. 

This is an area for future research. These conditions, however, are not more prevalent in 

patients with severe asthma than in a control group33, and so our study design would account 

for these issues. 

3.6. Conclusions 

This study reports novel data on physical activity and sedentary time in patients with severe 

asthma. We found that severe asthma is associated with lower levels of MVPA. Higher levels 

of activity and lower levels of sedentary time were linked to better exercise capacity, asthma 

control, and decreased systemic inflammation. Our results highlight a need to develop and 

test interventions in patients with severe asthma that aim to improve exercise capacity and 

systemic inflammation by increasing walking and decreasing sedentary time and improve 

asthma control by increasing the volume of MVPA. 

I have now reviewed the levels of physical activity and sedentary time in asthma populations 

and addressed these behaviours in participants with severe asthma, confirming that the 

negative impact of the disease on these behaviours is similar to other obstructive airway 

diseases in terms of prevalence and/or association with disease characteristics. However, 

direct comparisons between people with severe asthma, COPD and bronchiectasis have not 

yet been reported. 
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In order to address this gap in the literature, in Chapter 4 I will characterise physical activity 

in an obstructive airway disease population composed of people with severe asthma, COPD 

and bronchiectasis. 
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Overview of this Chapter 

Severe asthma, COPD and bronchiectasis share features such as airflow limitation, reduced 

exercise capacity, dyspnoea and systemic inflammation. These shared characteristics are 

likely to impact on the patients’ physical activity level. 

As reviewed in Chapter 1, the interrelationship that exists between disease characteristics 

and the level of physical activity in people with COPD has been widely characterised. These 

findings have highlighted the importance of promoting physical activity as a component of 

disease management in this population. 

In severe asthma and bronchiectasis, however, physical activity impairment has not been 

extensively studied, and thus the interrelationship with disease characteristics is less clear.  

Considering that data characterising physical activity in different OAD are necessary for the 

development of interventions addressing this impairment in the whole OAD population, in 

this chapter I aim to characterise the prevalence and intensity of physical activity in people 

with severe asthma and bronchiectasis, compared to people without respiratory disease and 

to people with moderate to severe COPD. Additionally, I aim to test whether physical activity 

is associated with shared clinical and biological characteristics found in OAD. 

I hypothesise that people with bronchiectasis and severe asthma will present lower levels of 

physical activity compared to people without respiratory disease, but their degree of physical 

activity impairment would not be as severe as that found in participants with moderate-

severe COPD. Additionally, in people with obstructive airway diseases, physical activity will 

be associated with shared clinical disease characteristics. 

With these data, I aim to provide a more complete picture of the interrelationship between 

clinical associations of physical activity in OAD. 
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4.1. Abstract:  

Background: Physical activity in obstructive airway diseases (OAD) is likely to be impaired. 

However, this has not been extensively studied outside of chronic obstructive pulmonary 

disease (COPD). We describe physical activity levels in severe asthma and bronchiectasis 

compared to moderate-severe COPD and to controls and tested the cross-sectional 

associations of physical activity (steps/day) with shared disease characteristics in the OAD 

group. 

Method: Adults with OAD (SA=62, COPD=67, bronchiectasis=60) and controls (n=63) 

underwent a multidimensional assessment, including device-measured physical activity 

levels.  

Results: The OAD group included 189 participants (58.7% female), median [IQR] age 67 [58 - 

72] years and mean forced expiratory volume in the first second percentage predicted 

(FEV1%) of 69.4%. Demographic characteristics differed between groups. Compared to 

controls (52.4% female, aged 55 [34–64] years, median 7640 steps/day), those with severe 

asthma, bronchiectasis and COPD accumulated less steps/day: median difference -2255, -

2289, and -4782, respectively (p ≤ 0.001). Compared to COPD, severe asthma and 

bronchiectasis participants accumulated more steps/day: median difference 2375 and 2341, 

respectively (p ≤ 0.001). No significant differences were found between the severe asthma 

and bronchiectasis group. Exercise capacity, FEV1% predicted, dyspnoea and systemic 

inflammation differed between groups, but were each significantly associated with steps/day 

in OAD. In the multivariable model adjusted for all disease characteristics, exercise capacity 

and FEV1% predicted remained significantly associated. 

 Conclusion: Physical activity impairment is common in OAD. The activity level was associated 

with shared characteristics of these diseases. Interventions to improve physical activity 
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should be multifactorial and consider the level of impairment and the associated 

characteristics.  

4.2. Introduction  

Asthma, chronic obstructive pulmonary disease (COPD) and bronchiectasis are obstructive 

airway diseases (OAD) that cause significant burden to individuals and health systems23.  

Whilst these conditions have different pathophysiological processes4, there are 

commonalities. They are all chronic conditions affecting the lower respiratory airways23, 125, 

and share similar clinical characteristics. Additionally, exacerbations are common, increasing 

the disease burden23. These shared characteristics may challenge the person’s ability to 

perform daily activities, and often lead to deconditioning and poor health status. 

It is well established that individuals with COPD are considerably less active than people 

without respiratory disease165, 259, 270, and that the degree of physical activity is associated 

with important disease outcomes271. The focus in COPD now is to develop and test 

interventions that improve physical activity and decrease sedentary time168, 380. In severe 

asthma and bronchiectasis however, there has been little research that objectively 

characterises these behaviours, or that have focused on interventions to improve them84. In 

order to develop such interventions, data characterising physical activity are needed. 

Furthermore, the extent to which physical activity impairment is associated with shared 

clinical and biological characteristics in OAD populations is also unknown. Understanding 

these similarities and differences is important, in order to develop targeted interventions. 

We have previously reported293, 381 that people with severe asthma have lower physical 

activity levels compared to controls, and that this behaviour is associated with important 

disease outcomes. In the present study, we aimed to characterise the degree and intensity 

of physical activity in people with severe asthma and bronchiectasis, compared to people 
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with moderate-severe COPD and to people without respiratory disease. In addition, we 

sought to understand whether the physical activity impairment likely to be found in OAD is 

associated with shared disease characteristics. We hypothesised that participants with 

severe asthma and bronchiectasis would engage in more physical activity than participants 

with COPD; but in lower activity levels than controls. Additionally, we hypothesised that in 

the OAD group, physical activity would be associated with characteristics shared by the three 

diseases. 

4.3. Methods  

Adults (≥18 years) with and without respiratory disease were recruited between March 2014 

and June 2017 to a cross-sectional study that included measurement of physical activity. 

Participants with physician-diagnosed2, 33 severe asthma, bronchiectasis or moderate-severe 

COPD were recruited via the respiratory clinics at John Hunter Hospital (Newcastle, 

Australia), and the research databases of the Centre for Healthy Lungs and the Hunter 

Medical Research Institute (HMRI). Controls were recruited via the research database of the 

HMRI. Participants were required to be without exacerbation within the 4-weeks prior the 

study visits. Detailed inclusion and exclusion criteria are described in S-1, as a Supplementary 

information. 

Ethics approval was granted from the Human Research Ethics Committees of the Hunter New 

England Local Health District (severe asthma, bronchiectasis, and controls ([08/08/20/3.10]; 

COPD [12/12/12/3.06]) and the University of Newcastle. The study was conducted according 

to Good Clinical Practice Guidelines and each participant provided written informed consent. 
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4.3.1. Measurements 

Participants underwent a multidimensional assessment125 involving measures of body mass 

index (BMI), comorbidities357, exacerbations, respiratory health status382, and smoking 

status. Further assessments included: 

 Exercise capacity 

The 6-minute walk test (6MWT) was performed according to current guidelines359. The 

predicted 6-minute walk distance (6MWD) was calculated360. 

 Airflow limitation  

Spirometry was used to measure post-bronchodilator forced expiratory volume in one 

second (FEV1), forced vital capacity (FVC), and FEV1/FVC ratio (Medgraphics, CPFS/D™ USB 

Spirometer, BreezeSuite v7.1, MGC Diagnostics, Saint Paul, MN, USA). Predicted values were 

calculated using NHANES III reference equations365. 

 Dyspnoea 

Scores ≥2 from the modified Medical Research Council Dyspnoea Scale (mMRC)118 defined 

positive presence of dyspnoea. This cutoff is associated with higher risk of mortality in 

COPD383. 

 Airway inflammation 

Eosinophil and neutrophil counts were obtained from induced sputum samples using 

nebulised 4.5% saline, or 0.9% according to FEV1
384. Total cell counts and cell viability (Trypan 

blue exclusion) from lower respiratory sputum portions were performed, followed by 

cytospins’ preparation for differential cell counts using May-Grunwald–Giemsa. 
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 Systemic inflammation 

High-sensitivity C-reactive protein (hs-CRP) was measured in peripheral blood and analysed 

using enzyme-linked immunosorbent assay. 

4.3.2. Physical activity  

Physical activity data were obtained from accelerations detected in the vertical axis using the 

ActiGraph wGT3X-BT (ActiGraph, Pensacola, Fl) accelerometer. The device was initialised245 

to collect accelerations at 30 Hz rate in epochs of 10-seconds. Participants wore the monitor 

for 14 consecutive days on a belt around their waist over the dominant hip; and removed the 

monitor during water-based activities. Data were summarised using the ActiLife 6.11.6 Data 

Analysis Software245 and were considered valid if there were ≥4 days of recordings, with ≥10 

hours of recording/day. Non-wear time was removed231 from the analysis. Moderate and 

vigorous physical activity (MVPA) was categorised according to the Freedson 1998 cut-

point246 (MVPA ≥1952 counts/minute). 

 

For physical activity levels, we reported the average steps/day and the mean minutes/day in 

MVPA. For the disease outcomes analysis, we reported steps/day, since it is an output easy 

to compare and that could be used as a motivational and informative tool for patients and 

clinicians369. 

4.3.3. Statistical Analysis 

Data were analysed using STATA 13 (Stata Corp., College Station, TX, USA). Differences 

between the severe asthma, bronchiectasis, COPD, and the control groups were assessed 

using one-way analysis of variance, Kruskal–Wallis or Chi-square test as appropriate. 
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Analyses of the associations between physical activity and shared disease characteristics 

were performed by disease, and in the combined diseases group (OAD group). The 

associations between physical activity (dependant variable), disease characteristics 

(independent variables: 6MWD, FEV1%predicted, dyspnoea score ≥2, hs-CRP, sputum 

eosinophils and sputum neutrophils), and potential confounders (current smoking and BMI) 

were separately estimated in the OAD group using simple linear regression analysis against 

steps/day. Confounders (BMI) and each independent variable with a p-value < 0.2 (6MWD, 

FEV1%predicted, dyspnoea, sputum eosinophils, hs-CRP) were included into separate linear 

regression analyses to identify variables associated with physical activity. Age and sex were 

included in all models as biological confounders. We tested the interaction effects between 

diagnosis and each independent variable on steps/day (S-2; Supplementary information). A 

final model including all the independent variables was used to identify independent 

associations with physical activity in the OAD group. The association between exacerbation 

and physical activity was also tested in simple linear regression analyses (S-3 & S-4; 

Supplementary information). Assumptions for linear regressions were met. Based on the 

observed effect size in the final regression model (f2=0.916, adjusted R2= 0.4782, α = 0.05), 

the study has 100% power to detect the effect. Spearman’s rank correlation tested 

relationships between steps/day and disease outcomes. A p-value <0.05 was considered 

statistically significant. 

4.4. Results 

A total of 296 participants (severe asthma=75, bronchiectasis=67, COPD=83, controls=71) 

completed the study and 252 (severe asthma=62, bronchiectasis=60, COPD=67, controls=63) 

were included in the analysis. Reasons for exclusion were invalid accelerometer data (severe 

asthma=8, bronchiectasis=5, COPD=4, controls=5), not fulfilling the inclusion criteria after 
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assessment (severe asthma=5, bronchiectasis=2, controls=3) or inability to complete all 

assessments (COPD=12). 

The clinical characteristics of each group differed (Tables 4-1 and 4-2). As expected, the 

disease groups had worse clinical/biological characteristics than controls. The severe asthma 

and COPD groups had higher BMI, and both the bronchiectasis and COPD group were older 

than controls. Participants were treated according to current guidelines.2, 33 
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Table 4-1: Demographics and clinical characteristics of participants. 

Results reported as median [interquartile range] or percentage. OAD group not included in the hypothesis tests. *P-value correspond to the differences within group (COPD, SA, BE, Controls). Between 
groups differences: X = result statistically significant different with COPD group; & = result statistically significant different with Control group; #= result statistically significant different between severe 
asthma and bronchiectasis group. COPD: chronic obstructive pulmonary disease; OAD: obstructive airway disease group; BMI: body mass index; CCI: Charlson Comorbidity Index; OCS: oral corticosteroid; 
ICS/LABA: inhaled corticosteroid/ long acting beta agonist; LAMA: long-acting muscarinic antagonist. 

 Severe asthma# 
(n=62) 

Bronchiectasis# 
(n=60) 

COPDX 
(n=67) 

Control& 
(n=63) 

p- value* OAD 
(n=189) 

Age, years 58.0 [43.0 – 68.0]X# 68.0 [62.0 – 73.0]&# 70.0 [64.0 - 75.0]& 55.0 [34.0 – 64.0] <0.0001 67.0 [58.0 - 72.0] 

Females, %  51.6# 86.7&#x 38.8 52.4 <0.001 58.7 

BMI, kg/m2 28.6 [24.6 - 33.7]&# 25.6 [21.7 - 27.6]X# 30.1 [26.9 - 33.5]& 25.3 [22.3 - 27.6] <0.0001 27.7 [23.8 - 31.6] 

Years since diagnosis 27.6 [15.1 – 51.0] 16.0 [5.0 - 57.0] 6.0 [3.0 – 14.0] N/A  14.6 [5.0-41.0] 

Current smoker, % 8.1 1.7 0.0 0.0 0.031 3.2 

Smoking Pack/years 0.0 [0.0 - 5.4]X 0.0 [0.0 - 2.1]X 42.6 [31.3 - 70.5]& 0.0 [0.0 – 3.0] <0.0001 5.0 [0 – 36.0] 

CCI score ≥1, % 27.9 35.0 100.0 3.17 <0.001 55.9 

Medication, % participant prescribed 

OCS, % 40.3 3.0 3.0 0.0  15.0 

Combination ICS/LABA, % 97.0 63.3 70.2 0.0  77.0 

ICS, % 13.0 5.0 16.4 0.0  12.0 

LAMA, % 52.0 38.3 91.0 0.0  61.4 

LABA, % 0.0 2.0 16.4 0.0  6.4 

Omalizumab, % 11.3 N/A N/A N/A  3.7 

Mepolizumab, % 6.5 N/A N/A N/A  2.1 
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Results reported as mean (95% confidence interval) (post FEV1% predicted, FVC % predicted and 6MWD), median [interquartile range] or percentage. OAD group not included in the hypothesis tests. *P-
value correspond to the differences within group (COPD, SA, BE, Controls). Between groups differences: X = result statistically significant different with COPD group; & = result statistically significant different 
with Control group; #= result statistically significant different between severe asthma and bronchiectasis group. COPD: chronic obstructive pulmonary disease; OAD: obstructive airway disease group; FEV1: 
forced expiratory volume in the first second; FVC: forced vital capacity; 6MWD: 6-minute walk distance; GOLD: Global Initiative for Chronic Obstructive Lung Disease, Severe exacerbation: total number in 
last year as per severe asthma and GOLD guidelines definitions (bronchiectasis as per GOLD guidelines), SGRQ: Saint George Respiratory Questionnaire; hs-CRP: high sensitivity C-reactive protein. 

 Severe asthma# 
(n=62) 

Bronchiectasis# 
(n=60) 

COPDX 
(n=67) 

Control& 
(n=63) 

p- value* OAD 
(n=189) 

Post FEV1% predicted, %  75.8 (70.4, 81.3)&X 76.9 (70.9, 82.8)&X 56.4 (52.5, 60.3)& 100.6 (96.7, 104.5) <0.0000 69.4 (66.2, 72.5) 

Post FVC % predicted, %  87.5 (83.1, 91.8)&X 81.1 (76.3, 86.0)& 78.7 (74.6, 82.7)& 96.6 (93.2, 100.1) <0.0000 82.3 (79.7, 84.9) 

Post FEV1/FVC ratio 0.66 [0.56 - 0.77]&X 0.73 [0.65 - 0.79]&X 0.56 [0.44 - 0.67]& 0.82 [0.77 - 0.86] <0.0001 0.66 [0.55 - 0.76] 

6MWD, m 477.8(452.0, 503.5)&X 453.4 (424.2, 482.6)&X 383.5 (353.5, 413.6)& 609.5 (589.0, 629.9) <0.0000 435.9(418.6, 453.1) 

6MWD % predicted, % 72.1 [64.7 - 82.6]& 76.6 [62.9 - 82.0]&X 66.0 [46.9 - 77.2]& 86.8 [77.9 - 92.7] <0.0001 70.9 [59.1 - 80.1] 

Dyspnoea score ≥ 2, % 50.0& 32.0&X# 53.0& 0.0 <0.001 45.2 

GOLD quadrant, % N/A N/A B= 17.9; C=4.5; D=76.1 N/A  N/A 

GOLD stage, % N/A N/A 2= 64.2; 3=30.0; 4=6.0 N/A   

Oxygen dependent, % 0 3.3 3.8 0 <0.001 2.6 

Severe exacerbation, n 190X 18#X 44 0 <0.001  

SGRQ, score 41.2 [27.5 - 55.1]X 36.0 [23.8 - 52.5]X 50.3 [39.5 - 66.6] N/A <0.0001 45.2 [32 - 58] 

Hs-CRP, mg/L 1.8 [1.0 – 6.0]& 2.8 [1.4 – 7.0]& 3.8 [1.9 – 10.0]& 1.1 [0.6 - 2.5] <0.0001 2.9 [1.4 - 7.8] 

Eosinophils, % 3.6 [0.8 - 13.5]&# 1.3 [0.6 -2.1]&# 1.8 [0.75 - 3.8]& 0.45 [0.0 – 1.0] <0.0001 1.5 [0.75 - 4] 

Neutrophils, % 35.0 [17.8 - 59.3]# 78.1 [61.3 - 85.3]&X# 48.8 [29.5 - 71.8]& 27.3 [15.5 - 42.8] <0.0001 53.3 [28.5 - 79.3] 
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4.4.1. Characterisation of physical activity 

Compared to controls, the severe asthma and bronchiectasis groups had lower physical 

activity, with a median difference of around 2270 less steps/day (p < 0.001 both), and a 

median of 19.7 (p = 0.006) and 26.5 (p < 0.0001) less minutes/day of MVPA, respectively. 

Compared to COPD, the severe asthma and bronchiectasis groups had higher physical activity 

levels, with a median of 2374 and 2341 more steps/day (p < 0.0001 both), and a median of 

13.6 (p < 0.0001) and 6.8 (p = 0.0024) more minutes/day of MVPA (Figure 4-A). No significant 

differences were observed between the severe asthma and bronchiectasis population. 

 

 

 

 

 

 

Figure 4-A: Physical activity comparison for steps/day (A) and MVPA (B). 

 MVPA: moderate and vigorous physical activity; SA: severe asthma; BE: bronchiectasis; COPD: chronic 
obstructive pulmonary disease; Controls: adults with no respiratory disease; SA n=62; BE n=60; COPD n=67; 
Controls n=63. 
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4.4.2. Characteristics associated with physical activity in OAD 

After adjustment for significant confounders, 6MWD, FEV1% predicted, dyspnoea, sputum 

eosinophils% and hs-CRP were all associated with steps/day in the combined OAD group 

(Table 4-3). Regression models by disease (Table 4-4) show a similar pattern, as indicated by 

overlapping confidence intervals in forest plots (S-5; Supplementary information). The 

correlations between some measured outcomes and steps/day are shown in Figure 4-B. The 

6MWD had the strongest correlation with physical activity, and the regression model 

explained 43% of the adjusted variance in steps/day. Every 100-metre increase in exercise 

capacity was associated with an increase of 1500 steps/day. Dyspnoea, airflow limitation, 

systemic inflammation, and sputum eosinophils were weaker associations of physical 

activity, but statistically significant, nonetheless. Associations between disease outcomes 

and MVPA are reported in S-6; Supplementary information. 

The full regression model shows that better exercise capacity and lung function remained 

independently and positively associated with physical activity in OAD (Table 4-3). Dyspnoea, 

hs-CRP and sputum eosinophils were no longer significant. The full model explained 48% of 

the variance in steps/day in OAD. 
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Table 4-3: Associations of physical activity in obstructive airways diseases. 

 

 

 

 

 

 

 

 

Separate models for 
clinical and biological 
outcomes 

Associations of steps/day with disease characteristics in OAD 

Coefficient (95%CI) Significance Adj. R2 

a. 6MWD (m) 15.10 (12.10, 18.10) <0.001 0.433 

b. FEV1% predicted (%) 52.62 (34.99, 70.25) <0.001 0.153 

Reference: ≤1 scores 
c. Dyspnoea (≥2 score) 

-1689.4 (-2476, -902.1) 0.001 0.204 

d. hs-CRP (mg/L) -36.96 (-61.35, -12.56) 0.003 0.190 

e. Eosinophils (%) 50.25 (0.40, 100.11) 0.048 0.161 

Full model Independent associations of steps/day in OAD Adj. R2= 0.478 

6MWD (m) 12.40 (8.51, 16.28) <0.001  
 
 

  

FEV1% predicted (%) 18.96 (0.53, 37.40) 0.044 
Dyspnoea (≥2 score) -42.40 (-813.95, 729.16) 0.914 

hs-CRP (mg/L) 0.69 (-20.33, 21.71) 0.948 
Eosinophils (%) 25.88 (-14.49, 66.24) 0.207 

BMI (kg/m2) 
Age  

-54.15 (-104.05, -4.26) 
-27.74 (-55.3   -0.19) 

0.034 
0.048 

 

Each model adjusted for confounders: age, gender, and BMI (except FEV1%predicted). Dyspnoea was transformed 
into a binary variable and considered positive when scores were ≥2. Confounders (BMI, age and sex) explained a 
13% of the variance in steps/day in the full model. Sex not significant in the full model. OAD: obstructive airway 
diseases; 6MWD: 6-minute walk distance; FEV1% predicted: forced expiratory volume in the first second; hs-CRP: 
high sensitivity C-reactive protein; BMI: body mass index. Statistically significant results in bold. 



Chapter 4: Physical Activity in Obstructive Airway Diseases. 

  

176 

Table 4-4: Regression models of associations of disease characteristics with steps/day by 
diagnosis. 

 

 

 

 

 

 
Associations of steps/day with disease outcomes by disease 

6MWD (m) 

Coefficient (95%CI) Significance Adj. R2 

Severe asthma 12.76 (6.27, 19.26) <0.001 0.259 

COPD 12.01 (7.63, 16.39) <0.001 0.485 

Bronchiectasis 17.37 (12.26, 22.47) <0.001 0.503 

 FEV1% predicted (%) 

Severe asthma 33.71 (2.04, 65.38) 0.037 0.060 

COPD 46.20 (4.52, 87.88) 0.030 0.055 

Bronchiectasis 45.52 (15.77, 75.27) <0.01 0.124 

 Dyspnoea (≥2 score) (versus scores ≤1) 

Severe asthma -1534.53 (-2966.27, -102.80) 0.036 0.129 

COPD -1310.93 (-2536.58, -85.28) 0.036 0.286 

Bronchiectasis -2270.94 (-3710.32, -831.56) 0.003 0.213 

 hs-CRP (mg/L) 

Severe asthma -45.82 (-84.92, -6.72) 0.022 0.153 

COPD -15.52 (-52.71, 21.67) 0.407 0.243 

Bronchiectasis -84.34 (-132.33, -36.35) <0.001 0.279 

 Eosinophils (%) 

Severe asthma 87.87 (16.34, 159.40) 0.017 0.124 

COPD 22.99 (-50.20, 96.18) 0.532 0.239 

Bronchiectasis -113.40 (-351.35, 124.55) 0.343 0.103 

Models adjusted for confounders: age, sex, and BMI (except FEV1% predicted). Dyspnoea was transformed into 
a binary variable and considered positive when scores were ≥2. OAD: obstructive airway diseases; 6MWD: 6-
minute walk distance; FEV1% predicted: forced expiratory volume in the first second; hs-CRP: high sensitivity C-
reactive protein; BMI: body mass index. Statistically significant results in bold. 
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Figure 4-B: Pearson’s correlation of physical activity (steps/day) with 6MWT (A); FEV1% 
predicted (B); hs-CRP (C); and Sputum eosinophils% (D). 

SA: severe asthma; COPD: chronic obstructive pulmonary disease, BE: bronchiectasis; 6MWD: 6-minute walk 
distance; FEV1: forced expiratory volume in the first second; CRP: high sensitivity C-reactive protein. Hs-CRP and 
eosinophils % transformed to natural logarithm. 
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4.5. Discussion 

In this study we characterised the level of physical activity in a group of people with severe 

asthma and bronchiectasis, compared to moderate-severe COPD and controls. For the first 

time, we have shown that people with both severe asthma and bronchiectasis engage in 

lower levels of physical activity than people without respiratory disease, but higher levels 

compared to people with COPD. The intensity and volume of activity were similar in the 

severe asthma and bronchiectasis groups, and the degree of physical activity impairment in 

OAD could be explained in an important proportion by exercise capacity and airflow 

limitation. 

We aimed to characterise and compare the level of physical activity impairment in different 

OAD. A robust body of research exists in COPD, highlighting that physical activity is markedly 

decreased271, and that this decrease is strongly associated with exacerbations and 

mortality264, 271, 272. As such, the promotion of physical activity in COPD is an important 

component of disease management380, and a desirable indirect outcome of pulmonary 

rehabilitation89, 380. 

Whilst the degree of physical inactivity and its impact is well established in COPD, in severe 

asthma and bronchiectasis there is a paucity of research that: characterises this important 

and modifiable risk-factor, that makes comparisons to disease groups with similar 

characteristics, or that has described the clinical associations of physical activity in these 

conditions. This is important in order to generate an evidence-base that can guide the 

direction of treatment interventions for severe asthma and bronchiectasis. Extrapolating 

what is known in COPD to these conditions may lead to the design of ineffective 

interventions. In an era of personalised medicine this new knowledge will help design 

individualised treatment programmes.  
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Our severe asthma and bronchiectasis populations moved a median of 5360 steps/day each, 

resulting in a median difference of 2350 more steps compared to our COPD population. 

Previous studies conducted in severe asthma291 and bronchiectasis284 have reported a 

median of approximately 6000 steps/day, which is consistent with our results. When 

compared with severe asthma, our bronchiectasis population also accumulated fewer 

minutes of MVPA, although not statistically significant. These differences were explained by 

the fact that our bronchiectasis participants were mostly females, a trend previously 

reported337. Overall our data confirm that physical activity impairment exists in severe 

asthma and bronchiectasis, but to a lesser degree than in COPD. 

Whilst we highlight the importance of characterising these behaviours in specific disease 

groups, we also combined the disease populations to identify if shared clinical characteristics 

of OAD are associated with physical activity. In the recently proposed ‘treatable traits’ 

management approach51, deconditioning was proposed as an extrapulmonary trait to be 

addressed. We suggest that physical activity itself is a trait to be targeted, and we report that 

this occurs albeit to different degrees across diagnosis groups. These groups also shared 

clinical and biological features that were all associated with physical activity impairment. 

Therefore, we have identified potential treatment targets that might address the physical 

inactivity trait, not only in COPD but also in severe asthma and bronchiectasis. 

The 6MWD explained the highest proportion of variance in steps/day in the OAD group. This 

test has been endorsed as a valid outcome measure in people with chronic respiratory 

disease to measure functional exercise capacity359, and is an important predictor of COPD 

mortality370, 385. Despite being widely used in COPD and increasingly validated in 

bronchiectasis286, it is not routinely recommended in severe asthma33, and thus, assessment 

of functional exercise capacity in severe asthma is scarce83. The reasons for its underuse may 
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relate to fear of provoking exercise-induced bronchoconstriction, or that “uncontrolled 

asthma” is listed as one of the guideline contraindications359. We did not encounter any 

adverse-events performing the test in our severe asthma population. 

FEV1% predicted was also independently associated with the level of physical activity in the 

OAD group. Considering that the degree of airflow limitation categorises disease severity, 

and that increased severity has been associated with lower activity levels269, 284, 381, these 

results are somewhat expected. Interesting though, in the full model airflow limitation was a 

stronger predictor of steps/day than dyspnoea, despite the latter being one of the most 

disabling symptoms in diseases such as COPD and severe asthma. 

Activity-related dyspnoea was common in our OAD population. We found that higher 

dyspnoea scores (≥2) modestly explained the adjusted variance in physical activity in the 

individual model, but it did not remain significant in the full model. It could be that 

breathlessness alone is not enough to explain the physical activity impairment found in these 

diseases, and that the evaluation of symptoms in different domains could give a more 

accurate picture. This is in line with recommendations made in COPD guidelines2. 

In our full multivariate model, the inflammatory markers of hs-CRP and sputum eosinophils 

were not independently associated with physical activity, despite displaying a moderate to 

weak associations individually. This is probably related to the strong association found with 

the 6MWD, which by itself accounted for most of the variance in physical activity. Despite 

this, systemic inflammation was still significantly associated with steps/day in the OAD group, 

which is in line with evidence in COPD271 and in severe asthma293.  

Exercise capacity was a better predictor of physical activity than airflow limitation. This may 

be due to the fact that functional exercise capacity gives an estimate of the person’s ability 

to endure exercise380, which is a subset of physical activity155. In COPD, the mechanisms 
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behind exercise limitation are multifactorial, and include the impairment of the ventilatory, 

cardiovascular, metabolic and locomotor muscle systems386. It is likely that these 

mechanisms also play a role in severe asthma and bronchiectasis, especially in patients 

showing a degree of overlap between these conditions. 

Lastly, in the general population, physical activity has been positively associated with the 

prevention of different chronic diseases160, 176. Considering the comorbidity burden found in 

OAD populations, the promotion of physical activity may generate benefits beyond 

respiratory symptoms alone. 

Our study has some limitations. Its cross-sectional design does not infer causality of our 

findings. Additionally, we have not considered important comorbidities, disease 

characteristics, sociodemographic and environmental characteristics nor behaviours (i.e. 

sedentary time) that may impact in the engagement of physical activity or interact with 

diseases’ outcomes. Lastly, our populations are not demographically nor clinically matched, 

which limit comparison of our findings. Nevertheless, diagnosis was not a significant 

interaction in the relationship between the independent variables and steps/day. 

4.6.  Conclusion 

Physical activity impairment is a shared behavioural characteristic of people with COPD, 

severe asthma and bronchiectasis. Shared clinical characteristics, such as exercise capacity 

and airflow limitation explain an important proportion of this impairment in OAD. Both of 

these traits can be targeted by specific treatments, making physical activity impairment a 

“treatable trait” that requires consideration in the management of these diseases. Treatment 

studies aimed at improving physical activity in these populations are needed and our data 

may inform such interventions. 



Chapter 4: Physical Activity in Obstructive Airway Diseases. 

  

182 

4.7. Supplementary information 

S-1: Inclusion and exclusion criteria 

All participants were adults (≥18 years), and able to provide written consent.  

Participants with severe asthma, COPD and bronchiectasis were recruited from the 

respiratory ambulatory care clinics at John Hunter Hospital (Newcastle, Australia), the clinical 

research databases of the Priority Research Centre for Healthy Lungs at the University of 

Newcastle and the Hunter Medical Research Institute (Newcastle, Australia). Participants 

without respiratory disease were recruited from the clinical research databases of the 

Priority Research Centre for Healthy Lungs and the Hunter Medical Research Institute and 

community advertisement. Data from severe asthma, healthy controls and bronchiectasis 

participants were extracted from two cross-sectional studies aimed at characterising these 

populations (ethics approval: 08/08/20/3.10). Healthy control participants were matched by 

age and sex with severe asthma participants, and data from part of these cohorts have been 

previously published by the authors1. Data from COPD participants were extracted from the 

baseline assessment of a randomised control trial (ACTRN 12613000046707, ethics approval 

12/12/12/3.06). 

Participants with a respiratory physician diagnosis of severe asthma according to American 

Thoracic Society/European Respiratory Society Severe Asthma Task Force2 were included if 

they had: evidence of airway hyper-responsiveness or variable airflow limitation, and were 

on high dose inhaled corticosteroid (≥1000 mcg of Fluticasone or equivalent) and long acting 

beta-agonist or maintenance  prednisone, and had a post-bronchodilator forced expiratory 

volume in the first second (FEV1) < 80% or FEV1/forced vital capacity (FVC) <70% or an asthma 

control questionnaire score ≥1.5 or had a severe exacerbation in the last 12-months with oral 

corticosteroid use. Exclusion criteria included: current lung cancer or other blood, lymphatic 
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or solid organ malignancy, and poor survival (<3 months), and prolongation of the QTc 

interval >480. 

Participants with bronchiectasis were included if they had a primary diagnosis of 

bronchiectasis confirmed by HRCT of chest. Exclusion criteria included diagnosis with 

respiratory diseases other than asthma or COPD.  

Participants with a confirmed diagnosed of COPD according to current guidelines3 were 

included if they had: a post-bronchodilator FEV1% predicted < 80%, and FEV1/FVC < 70% or 

objective confirmation from computed tomography of chest, and an acute exacerbation 

within the previous 12-months and were in Global Initiative for Chronic Obstructive Lung 

Disease (GOLD) stage ≥2, and receiving baseline therapy in accordance to GOLD strategy 

recommendations. Exclusion criteria included: current smoker, treatment with Macrolides, 

Tetracycline and oral corticosteroids, and hypersensitive to Macrolides, pregnancy or 

breastfeeding, impaired liver function, prolongation of the QTc interval (<480 mS), 

uncontrolled medical illness that would preclude participation in the study, and primary 

diagnosis of other significant respiratory disease. Controls participants were non-smokers 

with no objective evidence of respiratory disease. 

Exclusions criteria for all groups also included: inability to attend study visits, and recent (past 

4-weeks) exacerbation or respiratory tract infection. 
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S-2: Adjusted simple linear regression models testing interaction effects between diagnosis 
and each independent variable on steps/day. 

Coefficients for the interaction between diagnosis label and independent variables on steps/day (dependent 
variables), tested in adjusted simple linear regression models adjusted for age, sex, BMI and diagnosis (severe 
asthma, COPD and bronchiectasis.). FEV1% predicted adjusted only for diagnosis. 6-minute walk distance; FEV1% 
predicted: forced expiratory volume in the first second; hs-CRP: high sensitivity C-reactive protein; BMI: body mass 
index. 

 

 

 

 

 

 

 

Interaction of diagnosis in the relationship between steps/day and independent variables  

 Coefficient (95% CI)  p-value 

6MWD* COPD (vs. severe asthma) 2.61 (-4.74, 9.98) 0.483 

6MWD* bronchiectasis (vs. severe asthma) 6.47 (-0.98, 13.92) 0.088 

FEV1% predicted* COPD (vs. severe asthma)  12.48 (-39.17, 64.15) 0.633 

FEV1% predicted* bronchiectasis (vs. severe asthma)  11.80 (-31.20, 54.82) 0.588 

Dyspnoea ≥2(vs. scores ≤1)* COPD (vs. severe 

asthma) 

-91.60 (-1937, 1754) 0.922 

Dyspnoea ≥2(vs. scores ≤1)* bronchiectasis (vs. 

severe asthma) 

-1002.22 

 (-2946.91, 942.46) 

0.309 

hs-CRP* COPD (vs. severe asthma) 21.22 (-35.41, 77.86) 0.460 

hs-CRP* bronchiectasis (vs. severe asthma) -35.20 (-96.52, 26.10) 0.258 

%eosinophils in sputum* COPD (vs. severe asthma) -69.78 (-175.59, 36.02) 0.194 

%eosinophils in sputum* bronchiectasis (vs. severe 

asthma) 

-222.87  

(-466.19, 20.44) 

0.072 
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S-3: Associations between the levels of physical activity and exacerbations  

We assessed the relationship between exacerbations (number of severe exacerbations and 

frequent exacerbator) as a predictor of the level of physical activity (dependent variable: 

steps/day and MVPA) in linear regression models. 

Severe exacerbations in severe asthma and COPD were defined according to guidelines:  

• Severe asthma (including severe and serious exacerbations): at least one 

hospitalisation, Intensive Care Unit stay or mechanical ventilation, or two or more bursts of 

systemic corticosteroids (>3 days each) in the previous year. 

• COPD: patients requiring hospitalisation or visit to emergency rooms. 

Since a definition for severe exacerbation in bronchiectasis has not yet been agreed387, for 

the purpose of this analysis we defined severe exacerbations in bronchiectasis as per COPD 

criteria. 

“Frequent exacerbator” was defined as having a severe exacerbation or ≥2 moderate 

exacerbations in the last year. 

The total number of severe exacerbations in the severe asthma, COPD and bronchiectasis 

group were 190, 44 and 18 exacerbations, respectively. The proportion of frequent 

exacerbator in the severe asthma, COPD and bronchiectasis group were 93.4%, 80.6% and 

58.3%, respectively. Table S-4 reports in the association of the simple linear regression 

models using steps/day for both exacerbations’ outcomes. 
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 S-4: Associations between physical activity and exacerbations.  

 

 

 

 

 

 

 

 

 

 Associations of Steps/day with number of severe exacerbations 
Coefficient (95%CI) p-value 

Severe asthma -235.1 (-458.9, -11.3) 0.040 

COPD -15.8 (-756.8, 725.2) 0.966 

Bronchiectasis -1269.5 (-2277.1, -261.9) 0.014 

 Associations of MVPA with number of severe exacerbations 
Severe asthma -1.7 (-3.6, 0.2)) 0.075 

COPD -1.0 (-6.2, 4.2) 0.697 

Bronchiectasis -6.5 (-13.1, 0.2) 0.056 

 Associations of Steps/day and frequent exacerbator 

Severe asthma -116 (-2915, 2683) 0.934 
COPD 584 (-1139, 2308) 0.501 

Bronchiectasis -142.6 (-1628, 1343) 0.848 
 Associations of MVPA and frequent exacerbator 

Severe asthma 6.5 (-16.5, 29.6) 0.573 

COPD 5.2 (-6.9, 17.3) 0.394 

Bronchiectasis -3.2 (-12.8, 6.4) 0.508 



Chapter 4: Physical Activity in Obstructive Airway Diseases. 

  

187 

S-5: Forest plots of associations of clinical and biological outcomes with steps/day by 

disease. 

 

 

 

 

 

 

 

 

 

Coefficients (95% CI) of clinical outcomes as predictors of steps/day in linear regression models by disease, adjusted 
by age, sex, and BMI (except FEV1% predicted). 6MWD: 6-minute walked distance, FEV1% predicted: forced 
expiratory volume in the first second, hs-CRP: high sensitivity C-reactive protein; eosinophils: percentage of 
eosinophils in sputum. 
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S-6: Clinical and biological characteristics associated with moderate and vigorous physical 

activity in the OAD group. 

 

 

 

 

 

 

 

 

Separate models for 
clinical and biological 

outcomes 

Associations of MVPA with disease characteristics in OAD of MVPA 
in OAD 

Coefficient (95%CI) Significance Adj. R2 

 6MWD (m) 0.10 (0.07, 0.12) <0.0001 0.3442 

FEV1% predicted (%) 0.34 (0.21, 0.47) <0.001 0.1220 

Dyspnoea (≥2 score) -13.51 (-19.19, -7.82) <0.001 0.1878 

 hs-CRP (mg/L) -0.20 ( -0.38, -0.02) <0.032 0.1231 

 Eosinophils (%) 0.25 (-0.13, 0.62) 0.193 0.1201 

Full model Independent associations of MVPA in OAD Adj. R2 = 0.3923 

6MWD (m) 0.08 (0.04, 0.11) <0.001  
 

 
 

FEV1% predicted (%) 0.18 (0.03, 0.32) 0.019 
Dyspnoea (≥2 score) -2.91 (-8.98, 3.16) 0.346 

hs-CRP (mg/L) 0.05 (-0.11, 0.22) 0.525 
Eosinophils (%) 0.09 (-0.23, 0.41) 0.580 

  BMI (kg/m2) 
Female  

-0.05 (-0.44, 0.34) 
-8.26 (-13.88, -2.64) 

0.808 
0.004 

 

Each model (except FEV1% predicted) adjusted for confounders: age, gender, and BMI. Dyspnoea was transformed into 
a binary variable and considered positive when scores were ≥2. Confounders (BMI, age and sex) explained a 9.7% of 
the variance in MVPA. Age not significant in the full model. MVPA is activity at ≥1942 count per minutes as measured 
by Actigraph wGT3X-BT accelerometer. OAD: obstructive airway diseases; 6MWD: 6-minute walk distance; FEV1% 
predicted: forced expiratory volume in the first second; hs-CRP: high sensitivity C-reactive protein; BMI: body mass 
index. MVPA: moderate and vigorous physical activity. Statistically significant results in bold. 
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In this chapter, I have addressed important common pulmonary characteristics shared by 

people with OAD and highlighted that physical activity could be considered as an 

extrapulmonary treatable trait not only in COPD, but also in severe asthma and 

bronchiectasis. However, data characterising the interrelationship between physical activity, 

other extrapulmonary features including comorbidities, and health-related quality of life is 

limited. Health related quality of life is an important multidimensional and patient-related 

end-point that help to inform clinicians about the perceived impact that the disease has in a 

patient.  

In order to address this gap in the literature, in Chapter 5 I characterise the different 

relationships between physical activity and others extrapulmonary features and 

comorbidities with health-related quality of life in participants with severe asthma and 

bronchiectasis. 
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5. Chapter 5: Extrapulmonary Associations of Health Status in 
Severe Asthma and Bronchiectasis: comorbidities and 
functional outcomes. 
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Overview of this Chapter 

In the previous chapter, I characterised the degree of physical inactivity in severe asthma, 

bronchiectasis, and moderate to severe COPD. In addition to concluding that the levels of 

physical activity were lower in OAD compared to controls, and that the degree of reduction 

in severe asthma and bronchiectasis was similar; I demonstrated that despite these 

differences this behaviour was still significantly associated with important pulmonary 

outcomes. People with severe asthma and bronchiectasis also present several well-

characterised extrapulmonary characteristics, including higher presence of comorbidities 

and anxiety and depression symptoms. Other extrapulmonary characteristics, such as 

skeletal muscle strength, have not been very well characterised in severe asthma or 

bronchiectasis. As a result, the impact of these characteristics is unclear. This contrasts again 

with knowledge in COPD, where several of these extrapulmonary disease characteristics are 

recognised treatment targets for improving health-related quality of life (HRQoL). 

 

In this chapter, I aimed to explore the interrelationship between several extrapulmonary 

outcomes, including physical activity, comorbidities, skeletal muscle function, among others 

with health-related quality of life in an obstructive airway disease population composed of 

participants with severe asthma and bronchiectasis. 

 

I hypothesised that better extrapulmonary characteristics, such as higher physical activity, 

fewer comorbidities, and better skeletal muscle function, will be associated with improved 

health-related quality of life in participants with severe asthma and bronchiectasis.  

With these data, I aim to generate knowledge that could guide future interventions that aim 

to improve quality of life in severe asthma and bronchiectasis.  
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5.1. Abstract 

Background: Severe asthma and bronchiectasis are heterogeneous diseases that contribute 

to disability beyond the pulmonary system. The magnitude of the impact that these 

extrapulmonary features has on health-related quality of life (HRQoL) is unknown.  

Methods: We analysed the cross-sectional relationships between HRQoL (St. George’s 

Respiratory Questionnaire; SGRQ) and extrapulmonary characteristics, including physical 

activity (steps/day), anxiety and depression, isometric leg strength, systemic inflammation, 

and several comorbidities in adults with severe asthma (n=70) and bronchiectasis (n=61). 

Results: Participants with severe asthma and bronchiectasis had similar SGRQ total scores 

(mean scores 43.7 and 37.8 for severe asthma and bronchiectasis; p>0.05), and similar 

pulmonary and extrapulmonary characteristics. The associations between extrapulmonary 

variables and HRQoL did not differ according to diagnosis (all interactions p>0.05). Greater 

anxiety and depressive symptoms, fewer steps/day and greater systemic inflammation were 

statistically associated with poorer HRQoL in both diseases (p<0.05). Lower isometric leg 

strength in severe asthma, and greater Charlson Comorbidity Index in bronchiectasis were 

also associated with poorer HRQoL (p<0.05). In the multivariable regression model 

performed in the combined disease groups, anxiety and depression, steps/day, systemic 

inflammation and isometric leg strength remained independently associated with HRQoL. 

Associations between extrapulmonary characteristics and SGRQ domains were stronger for 

the activity and impact domains, than symptoms.  

Conclusion: In severe asthma and bronchiectasis, extrapulmonary features including physical 

activity and leg strength have a significant impact on HRQoL, especially within the activity 

and impact domains. These features should be considered as part of the assessment of these 

conditions, and they may represent additional treatment targets to improve HRQoL. 
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5.2. Introduction 

Severe asthma and bronchiectasis contribute a high burden of illness. Severe asthma affects 

3-10% of the asthma population33, but discordantly is responsible for over 50% of the 

asthma-related healthcare costs351. Additionally, mortality from asthma has not improved 

over recent years, and it is rising in Australia, the UK and USA12. Bronchiectasis is less 

prevalent, nevertheless its incidence is also rising in Europe and the USA388. Moreover, 

individuals with bronchiectasis suffer high morbidity secondary to recurrent chest 

infections389.  

The ongoing disease burden from obstructive airway diseases such as asthma, bronchiectasis 

and chronic obstructive pulmonary disease (COPD), has led to calls for a different approach 

to disease management that more effectively addresses the complexity and heterogeneity 

of these diseases12, 51, 125. The proposed treatable traits strategy, for instance, recognises that 

patients have specific disease components (called ‘traits’) that can be identified and treated 

(hence ‘treatable traits’) and this will lead to improved patient outcomes51. While most 

pharmacological therapies target the airway domain in severe asthma, bronchiectasis and 

COPD, it is recognised that traits outside the airway may also be important. The impact of a 

trait on quality of life is a useful determinant of clinically important traits, and therefore, it is 

necessary to test whether these extrapulmonary characteristics represent important traits 

that could be addressed. 

Although severe asthma and bronchiectasis have different aetiologies and pathogenesis, 

they share similar pulmonary and extrapulmonary characteristics that together impair 

health-related quality of life (HRQoL)14, 15, making this outcome an ongoing burden for these 

patients14, 390, 391. HRQoL is an important multidimensional and patient-related outcome that 

focuses on the physical, mental, emotional, and social impact that the disease has on 
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patient’s wellbeing392. In COPD, extrapulmonary features including physical inactivity, 

skeletal muscle dysfunction, and comorbidities are known to negatively impact HRQoL,102, 128, 

271 and represent important targets for treatment.392  

We have recently shown that the deficits in exercise capacity and airflow limitation between 

severe asthma and bronchiectasis patients are similar, and that these pulmonary 

characteristics are associated with impairment in physical activity393 (see Chapter 4). 

However, it remains unclear how extrapulmonary characteristics, such as physical activity, 

muscle strength, and comorbidities are associated with HRQoL in patients with severe 

asthma and bronchiectasis, and whether there is an interrelationship between other 

extrapulmonary characteristics and health-status. This is important because if 

extrapulmonary features do impact HRQoL, then they may present useful treatment targets 

in these diseases, which require specific and individualised interventions in order to optimise 

HRQoL14. 

In this study, we aimed to describe relationships between HRQoL and extrapulmonary 

characteristics, including physical activity, muscle strength, comorbidities, systemic 

inflammation and anxiety and depression with HRQoL in participants with severe asthma and 

bronchiectasis. Secondarily, we tested whether the relationship between extrapulmonary 

characteristics and HRQoL differed for severe asthma and bronchiectasis, by testing the 

interaction between diagnosis and extrapulmonary characteristics in our analyses. 

We hypothesised that extrapulmonary traits will have similar impacts in severe asthma and 

bronchiectasis, and that better function in these variables will be significantly and 

independently associated with a lesser degree of impairment in HRQoL. 
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5.3. Methods  

Adults (≥18 years) with respiratory physician-diagnosed severe asthma or bronchiectasis 

were recruited from the respiratory clinics at John Hunter Hospital and the clinical research 

databases of the Priority Research Centre for Healthy Lungs (Newcastle, Australia) between 

March 2014 and June 2017. Data from severe asthma and bronchiectasis participants were 

extracted from two cross-sectional studies aimed at characterising these populations. 

Participants were required to be without exacerbation within the 4-weeks prior the study-

visits. 

Ethics approval was granted from the Human Research Ethics Committees of the Hunter New 

England Local Health District (08/08/20/3.10) and the University of Newcastle. The study was 

conducted according to Good Clinical Practice Guidelines and all participants provided 

written informed consent.  

Participants with a respiratory physician diagnosis of severe asthma according to American 

Thoracic Society/European Respiratory Society Severe Asthma Task Force33 were included if 

they had:  

1. Evidence of airway hyper-responsiveness or variable airflow limitation, and  

2. Were on high dose inhaled corticosteroid (≥1000 mcg of Fluticasone or equivalent) and 

long acting beta-agonist or maintenance prednisone, and  

3. Had a post-bronchodilator forced expiratory volume in the first second (FEV1) < 80% or 

FEV1/forced vital capacity (FVC) <70% or an asthma control questionnaire score ≥1.5 or had 

a severe exacerbation in the last 12-months with oral corticosteroid (OCS) use.  
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Participants with bronchiectasis131 were included if they had a primary diagnosis of 

bronchiectasis confirmed by high resolution chest computed tomography. Exclusion criteria 

included diagnosis with respiratory diseases other than asthma or COPD.  

Exclusions criteria for both groups also included: inability to attend study visits, and recent 

(past 4-weeks) exacerbation or respiratory tract infection. 

Ethics approval was granted from the Human Research Ethics Committees of the Hunter New 

England Local Health District (08/08/20/3.10) and the University of Newcastle. The study was 

conducted according to Good Clinical Practice Guidelines and all participants provided 

written informed consent. 

5.3.1. Procedures  

Participants attended two visits and underwent a multidimensional assessment125 involving 

measures of airflow limitation, exercise capacity, height, weight, and smoking status. Further 

assessments included:  

 Health-related quality of life 

Total and domain score of the Saint George Respiratory Questionnaire (SGRQ)394 were 

calculated. Higher scores represent higher impairment. The minimal clinically important 

difference (MCID) is ≥4 units395. 

 Physical activity 

Steps/day were measured using the ActiGraph wGT3X-BT (ActiGraph, Pensacola, Florida). 

Participants wore the monitor 24-hours a day for 14-consecutive days on their dominant hip. 

The device was initialised using the ActiLife 6.11.6 Data Analysis Software. Data from valid 

days (≥4 days with ≥10 hours of recording each) were averaged as daily mean steps/day. 
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 Isometric leg strength 

The better of two attempts was recorded to the nearest 0.1 kg resistance using a platform-

leg and back dynamometer (Baseline®, USA). Participants attempted to smoothly extend 

their knees as forcefully as possible.  

 Body composition and bone mineral density 

Body mass index (BMI) was calculated as weight divided by height squared (kg/m2). Dual-

energy X-ray absorptiometry (DXA) GE Lunar Prodigy Pro DEXA scanner (GE Healthcare, Giles 

HP8-4SP, UK) was used to measure skeletal muscle-mass and bone mineral density. 

Appendicular skeletal muscle-mass index was calculated from the lean soft tissue in upper 

and lower limbs divided by height squared. Scores ≤7.26 (males) and ≤5.45 (females) Kg/m2 

were indicative of sarcopenia396. Osteopenia and osteoporosis in the non-dominant hip were 

defined by a T-score between –1.0 and –2.5, and ≤-2.5, respectively397. 

 Comorbidities and systemic inflammation 

Anxiety and depression were assessed using the Hospital Anxiety and Depression Scale 

(HADS). A score in either domain ≥8 indicates possible anxiety or depression358. Comorbidity-

related prognosis was calculated using the age-adjusted Charlson Comorbidity Index (CCI), 

from the medical history. Systemic inflammation was measured using peripheral blood high-

sensitivity C-reactive protein (hs-CRP), and analysed using enzyme-linked immunosorbent 

assay (Siemens Healthcare Diagnostics, Marburg, Germany).  

5.3.2. Statistical analysis 

Data were analysed using STATA 13 (Stata Corp., College Station, TX, USA). Since the 

distribution of hs-CRP was skewed, we performed natural log-transformation (ln) for this 

variable to ensure assumptions of regression analyses were met. Descriptive statistics were 
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calculated. Missing values of the variables leg strength (n=21), bone density (n=8), steps/day 

(n=9) and sarcopenia (n=4) were estimated using multiple imputation by chained equations. 

Categorical values were imputed via augmented logistic or multinomial logistic regression 

and continuous variables were imputed via predictive mean matching. Variables used in the 

imputation model (sarcopenia, bone density, leg and arm strength, ln(hs-CRP), CCI score, 

total fat mass, HADS score, dyspnoea score, BMI, age, gender, SGRQ total, FEV1, steps/day, 

moderate and above physical activity, and 6-minute walk distance) were selected based on 

significant associations with the missing variables or because they were either independent 

or dependent variables in our full regression model assessing determinants of HRQoL. Burn-

in and iteration were 100, and 30 datasets were created. Convergence plots indicated good 

model fit. No statistically significant differences were observed in the Student’s t-test for the 

SGRQ scores between participants with missing and non-missing values for imputed variables 

(p>0.05). 

Associations with HRQoL [Dependent variable: SGRQ total score; independent variables: 

steps/day, isometric leg strength, sarcopenia, osteopenia or osteoporosis, ln(hs-CRP), HADS 

total score, and CCI score] were examined using linear regression by disease groups (Models 

A). Age, sex and BMI were included in each analysis as biological confounders. Further 

adjusted regression models tested interaction effects between each independent variable 

and diagnosis on the outcome HRQoL (Table S-1 - Supplementary Information). As diagnosis 

was not a statistically significant effect modifier of these relationships, the disease groups 

were combined to increase statistical power for multivariable regression analyses. 

Independent variables with a p < 0.2 and confounders were included into a multivariable 

linear regression analysis to identify independent determinants of HRQoL total score (Model-

B). This analysis was repeated by SGRQ domain scores. 
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To produce a better visual representation of dose-response relationship, steps/day, ln(hs-

CRP), HADS, and isometric leg strength were transformed into tertiles (CCI into median split), 

and tested in age-, sex- and BMI-adjusted simple (Models C-1) and fully-adjusted 

multivariable (Model C-2) regression models against SGRQ. Using models C-1, predicted 

values of SGRQ were calculated for each tertile (or dichotomous value). A p < 0.05 was 

considered statistically significant. 

5.4. Results 

A total of 131 (SA=70, bronchiectasis=61) participants were included in the analysis. 

Compared to bronchiectasis participants, the severe asthma group were younger, included 

more males, had higher BMI, and longer disease duration (Table 5-1). Respiratory 

characteristics were not significantly different between groups. In bronchiectasis, more 

participants had reduced bone density and sarcopenia, and isometric leg strength was, on 

average, lower. Nevertheless, in adjusted linear regression analyses diagnosis was not a 

significant effect modifier for any of the independent variables (Table S-1 - Supplementary 

Information), hence we also present an analysis of severe asthma and bronchiectasis 

combined.   
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Table 5-1: Baseline Participants Characteristics. 

 Severe 
asthma 
n = 70 

Bronchiectasis 
n = 61 

p Groups 
Combined 

n = 131  
Age (years), median [IQR] 55 [42 - 68] 68 [62 - 73] <0.001 63.5 [51 -70] 

Female, % 54.3 86.9 <0.001 68.9 

BMI (kg/m2), mean ± SD 30.4 ± 7.7 25.6 ± 5.0 <0.001 28.7± 7.0 

Years since diagnosis, median 

[IQR] 

33.3  

[15.4 – 51.0] 

16.0  

[5.0 - 56.5] 

0.057 23.0  

[10.1 – 52.0] 

Current smoker, % 7.1 1.7 0.133 4.1 

Packs/year, median [IQR] 0 [0 - 5.4] 0 [0 - 3.5] 0.483 0 [0 – 5.0] 

Clinical characteristics    

Post FEV1 (% predicted), 

mean ± SD 

75.8 ± 21.2 76.6 ± 23.0 0.847 76.2 ± 22.0 

Post FVC (% predicted), mean 

± SD 

86.4 ± 16.7 80.9 ± 18.6 0.078 83.8 ± 17.7 

Post FER, mean ± SD 0.68 ± 0.1 0.71 ± 0.1 0.149 0.70 ± 0.1 

6MWD (m), mean ± SD 469.5 ± 103.8 452.5 ± 110.3 0.370 461.7 ± 106.7 

6MWD (% predicted), 

median [IQR] 

71.7  

[64.1 - 80.8] 

76.5  

[62.9 - 82.0] 

0.432 73.2  

[63.9 - 81.6] 

SGRQ (total score),   

mean ± SD 

43.7 ± 20.0 37.8 ± 17.0 0.070 40.9 ± 19.9 

Extrapulmonary characteristics   

Steps/day, median [IQR] 5385  

[3941-7844] 

5350  

[3522-7834] 

0.825 5385  

[3807-7844] 

CCI (score), median [IQR] 0 [0-1] 0 [0-3] 0.226 0 [0-2] 

Osteopenia|Osteoporosis, % 20.6 | 3.2 51.7 | 6.7 0.001 35.8 | 4.9 

HADS (total score),  

median [IQR] 

11 [7-14] 8 [5-13] 0.028 9.0 [6 - 14.0] 

Sarcopenia, % 11.8 27.1 0.028 18.9 

Leg strength(kg),  

median [IQR] 

83  

[55 - 123] 

57  

[43 – 70] 

0.001 61.5  

[49.0 - 111.0] 

Hs-CRP (mg/L), median [IQR] 2.0 [1.1- 6.6] 2.8 [1.4 - 7] 0.305 2.5 [1.3 - 7.0] 
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Description of tertiles 1st tertile 2nd tertile 3rd tertile 

Steps/day  1631-4125 4204-7015 7048-15379 

hs-CRP, mg/L 0.2-1.5 1.6-4.9 5-125.7 

HADS, score 0-7 8-12 13-29 

Leg strength, kg 10-54 55-95 100-190 

 Below median Above median  

CCI, score 0-0 1-7  

BMI: body mass index; FEV1: forced expiratory volume in the first second; FVC: forced vita capacity; FER: forced 
expiratory ratio; 6MWD: 6-minute walked distance; SGRQ: Saint George Respiratory Questionnaire; CCI: Charlson 
Comorbidity Index; HADS: Hospital Anxiety and Depression Scale; hs-CRP: high-sensitivity C-reactive protein. 
Descriptive statistics are from non-imputed data. Statistically significant results in bold captions. Description of 
tertiles: Results expressed as range. CCI transformed into median split. 
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5.4.1.  Associations of HRQoL in Severe Asthma and Bronchiectasis 

In simple linear regression models adjusted for age, sex and BMI (Table 5-2), the variables 

steps/day, (ln)hs-CRP and HADS were each statistically significantly associated with HRQoL in 

both disease populations. In severe asthma, a significant association was also found between 

leg strength and SGRQ, and in bronchiectasis between CCI and SGRQ. Despite the lack of 

statistically significant results for CCI in severe asthma, leg strength in bronchiectasis, and 

sarcopenia in both diseases, the direction of the coefficients suggested that better values in 

these parameters were associated with better HRQoL. 

In the multivariable linear regression model including both disease populations combined, 

steps/day, HADS, ln(hs-CRP), and leg strength were independently associated with HRQoL. 

The model explained 43.9% of the variance in the SGRQ scores (Table 5-3). 
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Table 5-2: Adjusted simple linear regression models (models A) of each extrapulmonary 
characteristic, adjusted for age, sex and BMI, as a determinant of SGRQ in severe asthma 
and bronchiectasis. 

Extrapulmonary determinants of SGRQ: severe asthma models 

 Extrapulmonary variable Coefficient (95% CI) p-value Adj. R2 

Physical activity (steps/day) -0.003 (-0.005, -0.001) 0.003 0.152 

Comorbidities (CCI, score) 2.177 (-1.008, 5.362) 0.177 0.045 

Systemic inflammation [Ln(hs-CRP)] 7.912 (3.093, 12.730) 0.002 0.158 

Depression and anxiety (HADS, score) 1.284 (0.566, 2.002) 0.001 0.180 

Reference: no sarcopenia 
  Sarcopenia 

 

11.219 (-4.567, 27.004) 
 

0.160 
 

0.048 

Isometric leg strength (kg) -0.210 (-0.343, -0.077) 0.002 0.162 

Reference: normal bone density 
  Osteopenia 
  Osteoporosis 

 

4.148 (-8.371, 16.667) 

12.781 (-15.51, 41.079) 

 

0.510 

0.368 

 

0.026 

Extrapulmonary determinants of SGRQ: bronchiectasis models 

Extrapulmonary variable Coefficient (95% CI)  p-value Adj. R2 

Physical activity (steps/day) -0.003 (-0.004, -0.001) 0.001 0.242 

Comorbidities (CCI, score) 3.086 (0.944, 5.228) 0.006   0.179 

Systemic inflammation [Ln(hs-CRP)] 5.975 (2.982, 8.968) <0.001 0.273 

Depression and anxiety (HADS, score) 1.521 (0.953, 2.088) <0.001 0.383 

Reference: no sarcopenia 
  Sarcopenia 

 

9.915 (-0.038, 19.870) 
 

0.051 
 

0.129 

Isometric leg strength (kg) -0.015 (-0.221, 0.191) 0.882 0.071 

Reference: normal bone density 
  Osteopenia 
  Osteoporosis 

 

6.123 (-3.077, 15.322) 
-11.882 (-31.340, 7.637) 

 

0.187   
0.227 

 

0.136 

Models A: Each extrapulmonary variable model is adjusted for age, sex and BMI. CCI adjusted for sex and BMI. 
Confounders explained 3.36% and 8.1% of variance in the SGRQ for severe asthma and bronchiectasis, respectively. 
SGRQ: St George’s Respiratory Questionnaire, Ln(hs-CRP): natural logarithm of high sensitivity C-reactive protein, 
HADS: Hospital Anxiety and Depression Scale, CCI: Charlson Comorbidity Index. Statistically significant results in 
bold font. 
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Table 5-3: Multivariable regression model of extrapulmonary determinants of SGRQ in the 
combined disease populations (model B, all characteristics and confounders in single 
regression model). 

Models B: SGRQ: St George Respiratory Questionnaire, Ln(hs-CRP): natural logarithm of high sensitivity C-reactive 
protein, HADS: Hospital Anxiety and Depression Scale, CCI: Charlson comorbidity Index, Sarcopenia= presence of 
sarcopenia; Osteopenia and Osteoporosis: presence of the condition. Age, sex and BMI explained the 6.7% 
variance in the SGRQ. 

 

In the analysis peformed by SGRQ domain, the extrapulmonary variables were most 

substantially  associated with the activity domain, followed by impacts. HADS was the only 

variable displaying a significant association with symptoms (Table 5-4)

Extrapulmonary associations of SGRQ in severe asthma and bronchiectasis. 
Model adj. R2= 0.439  

 Coefficient (95% CI) p-value 
Physical activity (steps/day) -0.002 (-0.003, -0.001) 0.008 
Comorbidities (CCI, score) 1.596 (-0.102, 3.294) 0.065 
Systemic inflammation [Ln(hs-CRP)] 3.118 (0.728, 5.508) 0.011 
Depression and anxiety (HADS, score) 1.171 (0.764, 1.579) <0.001 
Reference: no sarcopenia 
  Sarcopenia 

 

-0.470 (-8.102, 7.162) 
 

0.903 

Isometric leg strength (kg) -0.097(-0.185, -0.009) 0.031 
Reference: normal bone density 

  Osteopenia 
  Osteoporosis 

 
0.488 (-5.715, 6.691) 

-5.646 (-18.079, 6.786) 

 
0.876 
0.370 

Age, years  -0.206 (-0.412, 0.001) 0.051 
Reference: male 

  Female 
 

-4.181 (-11.749, 3.387) 
 

0.276 
BMI, kg/m2 0.272 (-0.197, 0.742) 0.253 
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Table 5-4: Multivariable regression model (model B) of extrapulmonary determinants of domains of SGRQ. 

Models B by domains of impairment: SGRQ: St George Respiratory Questionnaire, Ln-CRP: natural logarithm of high sensitivity C-reactive protein, HADS: Hospital Anxiety and Depression Scale, CCI: 
Charlson comorbidity Index, Sarcopenia= presence of sarcopenia. Age, sex and BMI explained the 0.7%, 11.8%, 2.7% of variance in the symptoms, activity and impact domains scores, respectively 

 

Extrapulmonary determinants of SGRQ in the combined population of disease groups 
 

  

Symptoms (Adj. R2= 0.146) 
 

 

Activity (Adj. R2= 0.453) 
 

Impact (Adj. R2= 0.355) 

 Coefficient (95% CI) p-value Coefficient (95% CI) p-value Coefficient (95% CI) p-value 
Physical activity (steps/day) -0.001 (-0.003, 0.001) 0.181 -0.002 (-0.004, -0.001) 0.005 -0.001 (-0.002, -0.000) 0.030 

Comorbidities (CCI, score) 0.172 (-2.396, 2.739) 0.895 2.886 (0.491, 5.281) 0.019 1.457 (-0.249, 3.163) 0.094 

Systemic inflammation [Ln(hs-CRP)] 2.14104 (-1.454, 5.736) 0.241 3.324 (-0.046, 6.694) 0.053 3.3676 (0.969, 5.766) 0.006 

Depression and anxiety (HADS, score) 0.9646 (0.351, 1.578) 0.002 1.422 (0.848, 1.997) <0.001 1.082 (0.673, 1.491) <0.001 

Reference: no sarcopenia 
  Sarcopenia 

 

7.690 (-3.768, 19.148) 
 

0.186 
 

-1.016 (-11.788, 9.756) 
 

0.852 
 

-2.800 (-10.438, 4.838) 
 

0.469 

Isometric leg strength (kg) -0.080 (-0.217, 0.056) 0.247 -0.167 (-0.293, -0.041) 0.010 -0.059 (-0.147, 0.029) 0.188 

Reference: normal bone density 
  Osteopenia 
  Osteoporosis 

 
-2.533 (-12.027, 6.961) 

-13.280 (-32.867, 6.307) 

 
0.598 
0.182  

 
-0.898 (-9.471, 7.675) 

-3.241 (-20.607, 14.125) 

 
0.836 
0.712 

 

2.002 (-4.301, 8.305) 
-4.550 (-17.121, 8.020) 

 

0.530 
0.475 

Age, years -0.189 (-0.502, 0.123) 0.233 -0.331 (-0.622, -0.040) 0.026 -0.137 (-0.345, 0.0707) 0.194 

Reference: males 
  Female 

 
-6.746 (-18.224, 4.732) 

 
0.247 

 

-2.320 (-13.092, 8.453) 
 

0.670 
 

-4.516 (-12.097, 3.066) 
 

0.240 
BMI, kg/m2 0.119 (-0.591, 0.829) 0.741 0.754 (0.093, 1.415) 0.026 0.040 (-0.429, 0.509) 0.865 
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The analyses of the tertile models (models C-1 & C-2) performed in the combined disease 

groups showed that fewer steps/day and increased HADS scores were associated with 

greater HRQoL impairment (Figure 5-A, Model C-1). The differences in the SGRQ predicted 

scores for each tertile were greater than the 4-unit SGRQ MCID. Systemic inflammation also 

showed statistically and clinically significant differences between the first and third tertile. 

While the differences between tertiles for isometric leg strength were not statistically 

significant, the mean difference between tertiles 1 and 3 was 8.1 units, twice the SGRQ MCID. 

Similarly, being sarcopenic was statistically associated with a predicted SGRQ score which 

was 2-fold greater than the MCID (p < 0.05) (Figure 5-A). 



Chapter 5: Physical Activity and Health Status in Severe Asthma and Bronchiectasis. 

  

207 

Figure 5-A: Differences in the predictive value of SGRQ (mean, 95% confidence interval) 
based on Models C-1 in the combined disease groups. 

 

 

In model C-2 (multivariable tertile model), higher SGRQ scores were significantly associated 

with greater reduction in physical activity, higher systemic inflammation, HADS and CCI 

scores (Figure 5-B; Table S-2 - Supplementary Information). 

 

 

Adjusted simple linear regression models using categorical steps/day [A], CCI B], ln(hs-CRP) [C]; HADS scores [D], 
sarcopenia [E] and leg strength [F]). Models adjusted by sex, BMI and age (CCI=sex and BMI only). Each mark on 
the Y axis represents a MCID (4 points).* p< 0.05; ** p< 0.01; ***p< 0.001. Steps/day, ln(hs-CRP); HADS scores and 
leg strength  transformed into tertiles. CCI transformed into median split as lower (1st) and higher (2nd) half of 
median, respectively. SGRQ: St George Respiratory Questionnaire, ln(hs-CRP):natural logarithm of high sensitivity 
C-reactive protein, HADS: Hospital Anxiety and Depression Scale, CCI: Charlson comorbidity Index  
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5.5. Discussion  

In this study, we analysed the relationships between extrapulmonary disease characteristics 

and HRQoL in adults with severe asthma and bronchiectasis. Extrapulmonary disease 

characteristics represent one of the three proposed treatable trait domains51, and have 

proven to be important determinants of HRQoL in COPD102, 128, 271. We found that 

extrapulmonary characteristics had similar impacts in both severe asthma and 

bronchiectasis. Moreover, the traits of steps/day, isometric leg strength, and systemic 

inflammation, were significantly associated with HRQoL. Increasing severity of these 

variables was associated with statistically and clinically significant impairments in HRQoL.  

Figure 5-B: Coefficients (95%CI) from the multivariable full model of predictors of SGRQ 
using categorical independent variables (model C-2). 

Model adjusted by sex, BMI and age. * p< 0.05; ** p< 0.01; ***p< 0.001. Steps/day, ln-hsCRP, HADS and Strength 
transformed into tertiles.2nd and 3rd: second and third tertile, respectively. 1st tertile or absence of the condition 
used as a reference category. CCI transformed into median split: CCI 1(reference category) & 2: below and above 
median, respectively. SGRQ: St George Respiratory Questionnaire, Ln-CRP: natural logarithm of C-reactive protein, 
HADS: Hospital Anxiety and Depression Scale, CCI: Charlson Comorbidity Index; BD: bone density; Sarcopenia 1= 
presence of sarcopenia. 
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Data characterising the interrelationship between HRQoL and extrapulmonary 

characteristics outside the comorbidity domain in severe asthma and bronchiectasis 

populations are scarce. Qualitative studies in severe asthma give some perspective of the 

extent of HRQoL impairment, and the importance to patients of improving this outcome.53 

Considering the multifactorial nature of HRQoL, and the deleterious consequences that 

HRQoL impairment has on wellbeing, addressing this knowledge gap is of utmost importance. 

Specifically, it may identify potential clinically important treatment targets, or treatable 

traits, that aim to improve the physical and psychosocial impact of the disease14. 

Physical activity was significantly and independently associated with HRQoL, both in the 

analyses by each disease as well as in the combined disease groups. We have previously 

reported on the degree of physical activity reduction and its impact on respiratory markers 

in severe asthma and bronchiectasis393 (see Chapter 4). This means that impaired physical 

activity impacts both extrapulmonary and airway domains in the treatable traits model of 

care, and raises the possibility that treating this component of the disease may lead to 

widespread benefits. The benefits of engaging in physical activity for the airway domain are 

recognised271, 381. These include reduced risk of exacerbations and healthcare use, better 

asthma control, and better exercise-capacity. Our results suggest that physical activity 

interventions may have broader effects and improve HRQoL for people with severe asthma 

and bronchiectasis. Therefore, targeted interventions for these populations need to be 

designed and tested. We observed a clear dose-response relationship in the tertile regression 

models. For each tertile increase in steps/day, the predicted mean score of the SGRQ (Figure 

5-A) significantly decreased (improved HRQoL) by close to 3-times the MCID. Additionally, in 

the multivariable tertile model participants accumulating >7048 steps/day (tertile 3) 

displayed a statistically significant difference in the SGRQ, compared to tertile 1 (≤4125 

steps/day) of more than 3-times the MCID (Figure 5-B; Table S-2 - Supplementary 
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Information). This dose-response relationship is recognised in physical activity guidelines, 

since a protective effect on morbidity is observed at a defined volume (>150 mins/week) and 

intensity (moderate-vigorous)174. Additionally, while some evidence suggest that supervised 

exercise training can improve health status in people with moderate-severe asthma81, 87, 

exercise protocols of lower intensities have not replicated these results84, 398. Our findings 

indicate that >7000 steps/day may be the level of physical activity associated with clinically 

significant improvements in HRQoL, and thus it could be considered an activity target. To 

achieve this, based on our data, patients would need to engage in at least a 24% increase in 

steps/day. 

Physical activity has also been linked to several of the other extrapulmonary characteristics, 

including muscle-strength and sarcopenia. The non-significant association between strength 

and SGRQ in bronchiectasis could be because the strength measurements obtained in this 

group were rather low, which could have led to a floor effect in the analysis. Similarly, the 

small number of people with sarcopenia in the severe asthma group may have not been 

enough to detect a significant association with HRQoL. It is likely that the age difference 

between disease populations may have played a role in these differences, since both muscle 

strength and muscle mass are known to decrease with age396. Nevertheless, both in severe 

asthma and bronchiectasis the regression coefficients denoted a beneficial relationship 

between the absence of the condition and better scores in the SGRQ. When analysing these 

variables in a larger population (combined disease group) we found that improved function 

in these measures was significantly and clinically associated with better HRQoL. In COPD, 

skeletal muscle dysfunction is considered an important systemic consequence that is not 

exclusive to severe disease275, and that has been associated with increased health-care use 

and mortality in COPD128. Deconditioning, the complex physiological process that occurs 

secondary to inactivity and results in functional loss, is considered as one of the main 
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mechanisms underpinning skeletal muscle dysfunction128, and is closely related to poor 

disease outcomes258. In severe asthma and bronchiectasis, muscle-strength is considerably 

less studied. There is a trend towards decreased quadriceps muscle-strength in 

bronchiectasis140, 287, but very little data exists reporting an association between strength and 

HRQoL140. In moderate to severe asthma, impairment of quadriceps endurance, but not 

strength, was observed both in adults306 and children399. Considering that in severe asthma 

and bronchiectasis, factors affecting muscle-strength may not be as common as those seen 

in severe COPD, it is likely that decreased muscle-strength and its impact on HRQoL will be 

more tenuous in these conditions. Supporting this hypothesis, we have previously reported 

that the decrease in physical in moderate-severe COPD is worse than that found in severe 

asthma and bronchiectasis393 (see Chapter 4). In addition, systemic inflammation, which is a 

prevalent feature in chronic respiratory diseases153, 400, and is regarded as a precursor of 

muscle-atrophy and weakness128, was lower in our severe asthma and bronchiectasis 

population compared to previously reported values for COPD393. Lastly, low BMI, another 

factor associated with muscle-depletion, sarcopenia, and skeletal muscle dysfunction in 

COPD128, was not common in our populations. Despite the lower prevalence of factors that 

adversely impact skeletal muscle function in severe asthma and bronchiectasis, our results 

nonetheless demonstrate that improved muscle function was significantly and clinically 

associated with better HRQoL, alluding to the potential benefit of addressing these 

outcomes. Additionally, corticosteroids commonly used in severe asthma, may affect muscle 

metabolism and strength401. Integrated disease management programmes, including 

pulmonary rehabilitation89, could be an approach to address this feature. 

Higher levels of systemic inflammation remained associated with poorer HRQoL in all the 

analyses, a trend mostly observed in participants with hs-CRP levels >5.0 mg/L (tertile 3). Hs-

CRP is a recognised independent predictor of cardiovascular events in healthy populations402, 
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and associated with increased risk of exacerbation in severe asthma52 and in COPD403. In 

bronchiectasis, high hs-CRP levels have been reported both during exacerbation and in stable 

disease, and positively correlate with poorer HRQoL and disease severity400. In severe asthma 

and bronchiectasis no treatment studies have targeted systemic inflammation. Its 

detrimental relationship with HRQoL needs further investigation. 

Comorbidity was also associated with HRQoL. Of all extrapulmonary characteristics we 

examined, HADS explained the highest proportion of variance in the SGRQ. Additionally, in 

the multivariable tertile model, the differences in the SGRQ were statistically and clinically 

meaningful for each tertile compared with the reference. Anxiety and depression are 

common in severe asthma52 and bronchiectasis404 and their impact on HRQoL in these 

diseases has been recognised14, 404. However, studies reporting interventions that target 

these traits are scarce. In severe asthma, only one feasibility study has been reported405. In 

bronchiectasis, no study has targeted anxiety and depression, and in an RCT of exercise 

training, mood did not improve164.  Therefore, the assessment, recognition and treatment of 

psychological health in these conditions is a priority and may improve HRQoL73. 

We performed analysis by SGRQ domains to test the relationships between its different 

domains and the extrapulmonary characteristics. The only variable significantly associated 

with the symptom domain was HADS. Reasons may be that symptoms are more closely 

related to pulmonary characteristics and therefore, be more efficiently addressed with 

pharmacological measures391. The extrapulmonary characteristics however, explained 45.3% 

and 35.5% of the variance of the activity and impact domain scores, respectively. This 

suggests that extrapulmonary characteristics are important drivers in HRQoL. The activity 

domain refers to impairment of activities that are limited by breathlessness, a symptom that 

is known to be associated with lower physical activity393 (see Chapter 4). This domain has 
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been suggested as a better measure of asthma control when assessing the impact of the 

disease in asthma populations406, and therefore characterising this domain and its 

associations with other disease characteristics is needed407. We provide important 

information in that regard and suggest that the activity and impact domains could be 

addressed by these extrapulmonary outcomes. 

Our study has some limitations. Its cross-sectional design does not infer causality of our 

findings. Also, our populations are not demographically matched, which limits comparison 

between groups. Nevertheless, after adjusting for age and sex, diagnosis was not a significant 

interaction in the relationship between SGRQ and the extrapulmonary variables. Another 

limitation was that comorbidities not scored in the CCI were not assessed and therefore, the 

weight of this variable may be underestimated. In COPD, however, cardiovascular or multiple 

comorbidities were not associated with significantly higher SGRQ scores102. Lastly, isokinetic 

equipment is considered a more sensitive option to measure muscle-strength, but access is 

limited. We measured muscle-strength using a static measure, which may not accurately 

inform dynamic function. However, our measure tested strength at multiple joints, assessing 

extension strength through the whole lower limb rather than isolated muscles. Despite these 

limitations, our study provides novel and important data for interventions aiming to improve 

HRQoL in severe asthma and bronchiectasis populations. 

5.6. Conclusion 

Decreased physical activity, anxiety and depression, leg strength and systemic inflammation 

are shared extrapulmonary characteristics that are independently associated with HRQoL in 

severe asthma and bronchiectasis, especially with the activity and impact domains. Our 

results suggest that these extrapulmonary features should be considered as part of the 

multidimensional assessment of these conditions, and they may represent treatable traits in 
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severe asthma and bronchiectasis. Future research should focus on exploring targeted 

extrapulmonary interventions that address all of the dimensions that negatively impact the 

HRQoL of patients with severe asthma and bronchiectasis. 
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5.7. Supplementary information 

S-1: Adjusted simple linear regression models testing interaction effect between diagnosis 
and each independent variable 

Each model adjusted by age, sex and BMI. CCI adjusted by sex and BMI. Severe asthma used as reference diagnosis 
for bronchiectasis (dummy variable). CCI: Charlson comorbidity index; Ln(hs-CRP): natural logarithm of high 
sensitivity C-reactive protein; HADS: hospital anxiety and depression scale questionnaire.  

 

 

 

 

 

 

 

 

Interaction of diagnosis in the relationship between SGRQ and independent variables  

 Coefficient (95% CI) p-value 

Steps/day * bronchiectasis (vs. severe asthma) -0.000 (-0.002, 0.002) 0.868 

CCI score * bronchiectasis (vs. severe asthma)  1.037 (-2.628, 4.701) 0.577 

Ln(hs-CRP) * bronchiectasis (vs. severe asthma) 0.489 (-4.887, 5.866) 0.857 

HADS score * bronchiectasis (vs. severe asthma) 0.174 (-0.747, 1.096) 0.708 

Sarcopenia (vs. no sarcopenia) * bronchiectasis 

(vs. severe asthma) 

-2.338 (-19.499, 14.822) 0.788 

Isometric leg strength* bronchiectasis (vs. severe 

asthma) 

0.076 (-0.100, 0.252) 0.393 

Osteopenia (vs. normal bone density) * 

bronchiectasis (vs. severe asthma) 

Osteoporosis (vs. normal bone density) * 

bronchiectasis (vs. severe asthma) 

 

4.061 (-10.658, 18.780) 
 

-23.549 (-55.032, 7.935) 

 

0.586 
 

0.141 
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S-2: Multivariable regression model of independent non-respiratory determinants of SGRQ 
- categorical outputs (Models B.1) 

Predictors of SGRQ in severe asthma and bronchiectasis 
Adj. R2=0.4117 

 Coefficient (95% CI) p- value 

1st tertile (reference category) 

  Steps/day, 2nd tertile 

  Steps/day, 3rd tertile 

 

-5.066 (-13.573, 3.441) 

- 15.473 (-24.664, -6.281) 

 

0.240 

0.001 

Below median (reference category) 

  CCI score, above median 

 

7.167 (0.907, 13.427) 

 

0.025 

1st tertile (reference category) 

  Ln(hs-CRP), 2nd tertile 

  Ln(hs-CRP), 3rd tertile 

 

5.341 (-0.772, 11.453) 

10.673 (2.534, 18.813) 

 

0.086 

0.011 

1st tertile (reference category) 

  HADS score, 2nd tertile 

  HADS score, 3rd tertile 

 

14.540 (7.689, 21.392) 

14.736 (8.661, 20.811) 

 

<0.001 

<0.001 

No sarcopenia (reference category) 

  Sarcopenia 

 

-0.101 (-7.934, 7.732) 

 

0.980 

1st tertile (reference category) 

  Isometric leg strength, 2nd tertile 

  Isometric leg strength, 3rd tertile 

 

-1.673 (-9.319, 5.973) 

-3.755 (-11.915, 4.405) 

 

0.665  

0.363 

Normal bone density (reference category)  

  Osteopenia 

  Osteoporosis 

 

0.668 (-5.668, 7.005) 

-8.963 (-22.068, 4.142) 

 

0.835 

0.178 

Age, years  -0.136 (-0.346, 0.074) 0.202 

Male (reference category)  

  Female 

 

-0.575 (-8.078, 6.927) 

 

0.879 

BMI, kg/m2 0.209 (-0.298, 0.717) 0.415 

Model adjusted for age, sex and BMI. Steps/day, ln(hs-CRP), HADS and Isometric leg strength transformed into 
tertiles. CCI transformed into median split.  SGRQ: St George Respiratory Questionnaire, Ln(hs-CRP): natural 
logarithm of high sensitivity C-reactive protein, HADS: Hospital Anxiety and Depression Scale, CCI: Charlson 
comorbidity Index, BMI: body mass index. 
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6. Chapter 6: Discussion 

6.1. Major findings and discussion 

Overview 

Severe asthma, COPD and bronchiectasis are common obstructive airway diseases that 

contribute greatly to the illness burden in our community27, 98. As reviewed in Chapter 1 of 

this Thesis, the distinctive airflow limitation observed in each of these diseases has its genesis 

in different etiological and pathophysiological mechanisms, which nevertheless, are all 

underpinned by abnormal and persistent inflammatory processes15, 34, 106. The burden of 

these diseases on patients can also be explained by the presence of shared, recurrent and 

debilitating symptoms such as breathlessness, chest tightness, cough, recurrent infections 

and by frequent and disabling exacerbations15, 408. In COPD, these symptoms are tightly 

related to a vicious-circle in which the reduction of exercise capacity and lower levels of 

physical activity lead to physical deconditioning, promoting a feeling of dependency, 

depression, social isolation and further impaired health status102, 128, 271. In terms of the non-

pharmacological management of these disease characteristics, important advances have 

been achieved for COPD, where the characterisation and promotion of physical activity has 

been an important area of research and is now recognised as an important objective in 

clinical practice271. Also reviewed in Chapter 1, was the promotion of physical activity and 

reduction of sedentary behaviour for the prevention and management of several chronic 

diseases and all-cause mortality, and that these are currently important public health 

messages174, 195.  

The focus of this Thesis is the characterisation and comparison of physical activity in 

obstructive airway diseases, and the associations of this behaviour with different disease 

characteristics common in severe asthma, bronchiectasis and COPD. The characterisation of 
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sedentary behaviour in a severe asthma population and its relationship with physical activity 

is a secondary focus of this Thesis. Consequently, after reviewing the current literature that 

characterises these behaviours in obstructive airway diseases, I have presented three 

primary data chapters in which I address the characterisation and cross-sectional 

associations of physical activity primarily, and sedentary behaviour to a lesser degree, with 

disease characteristics and health-related quality of life in adults with severe asthma, 

bronchiectasis and COPD. 

Gaps in the literature and main findings 

In the review of the literature presented in Chapter 1 and 2, I identified gaps in knowledge, 

including the paucity of literature on the characterisation and association of physical activity 

and sedentary time with pulmonary and extrapulmonary disease characteristics in severe 

asthma and bronchiectasis, and the lack of literature making direct comparisons of the level 

of physical activity among these obstructive airway diseases and COPD. The likely association 

that exist between health-related quality of life and physical activity in severe asthma and 

bronchiectasis was also largely under-researched. 

As a way to address these gaps in knowledge, in Chapters 3, 4 and 5 I addressed the 

characterisation of physical activity in obstructive airway diseases, and its association with 

disease characteristics in different contexts. These include: 

(i) the characterisation of physical activity and sedentary time in severe asthma, 

and the association of these behaviours with each other, and with prevalent 

diseases characteristics including asthma control, exercise capacity and 

systemic inflammation (Chapter 3), 

(ii) the characterisation and comparison of physical activity in severe asthma, 

bronchiectasis, moderate to severe COPD, and people without respiratory 
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diseases with important shared pulmonary characteristics of these diseases 

(Chapter 4), and lastly, 

(iii) the characterisation of shared extrapulmonary characteristics in severe 

asthma and bronchiectasis, including physical activity, comorbidities, 

isometric muscle strength, and anxiety and depression, and their association 

with health-related quality of life (Chapter 5). 

The main findings of these studies are: 

• People with asthma of different severities engage in lower levels of physical activity 

compared to people without asthma. This lower physical activity trend tended to be 

more pronounced in females compared with males, and in older people with asthma 

compared to their younger counterparts. Higher levels of physical activity were 

associated with better measures in several disease characteristics. Sedentary 

behaviour has not been widely addressed in asthma, but there was also a trend 

showing a detrimental association between higher engagement in sedentary time 

and worse disease characteristics (Chapter 2). 

• Compared to people without respiratory diseases, people with severe asthma 

engage in lower levels of moderate and vigorous physical activity. The levels of 

sedentary time were not significantly different between groups. Higher levels of 

activity and lower levels of sedentary time were linked to better exercise capacity, 

asthma control, and decreased systemic inflammation (Chapter 3). 

• Physical activity impairment is a shared behavioural characteristic of people with 

COPD, severe asthma and bronchiectasis. The degree of impairment in severe 

asthma and bronchiectasis though, is not as severe as in moderate to severe COPD. 
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Shared clinical characteristics, such as exercise capacity and airflow limitation explain 

an important proportion of this impairment in OAD (Chapter 4). 

• Physical inactivity and other extrapulmonary characteristics, including anxiety and 

depression, isometric leg strength and systemic inflammation are shared 

extrapulmonary characteristics that are independently associated with health-

related quality of life in severe asthma and bronchiectasis populations, especially 

with the activity and impact domains.  

 

Chapter 2: Physical activity and sedentary time in adults with asthma 

In Chapter 2, I presented a literature review of physical activity and sedentary time in people 

with asthma. After conducting a systematic literature search in four electronic databases, I 

identified 42 studies measuring physical activity (mostly) or sedentary time in people with 

asthma. The main findings from this review were that people with asthma of different 

severities engage in lower levels of physical activity, a trend that seems to increase as people 

with asthma age, and that is more evident in females with asthma compared with males, and 

that higher levels of physical activity may have a beneficial impact on asthma outcomes. An 

important highlight of this review is that it is the first to include measures of physical activity 

using activity monitors. I therefore conducted a meta-analysis from eligible studies, finding 

that the pooled mean (95%CI) steps/day for people with asthma was 8390 (7361, 9419). Even 

though this figure may not truly represent older people with asthma or more severe asthma 

populations, this estimate provides a first reference that can be updated and developed with 

future studies. Another highlight of this review is that I investigated associations between 

levels of physical activity and disease characteristics. Higher levels of physical activity were 

associated with better measures of lung function, disease control, health status, and health 
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care use. Some of these beneficial associations, such as exacerbations and lung function, 

were also tested in longitudinal studies showing a weak but significant positive association. 

Measures of sedentary time had not been summarised previously in adults with asthma. 

There were considerably fewer studies measuring sedentary time in people with asthma 

compared with physical activity. There was not a clear trend in terms of level of engagement 

compared to people without asthma. However, the eligible studies reported a detrimental 

association between higher engagement in sedentary time and worse disease outcomes such 

as health care use, lung function, asthma control and exercise capacity.  

In this review, I also identified a paucity of literature that reported on the measurement of 

physical activity and sedentary time in people with severe asthma, a knowledge gap that I 

aimed to address in Chapter 3. 

 

Chapter 3: physical activity and sedentary time in severe asthma 

In the first primary data study I present in this Thesis (Chapter 3), I used an accelerometer to 

measure the levels of physical activity and sedentary time in a severe asthma population and 

in people without respiratory diseases, and I examined the associations between these two 

behaviours with several disease outcomes. Data characterising the level of physical activity 

in severe asthma using an activity monitor were scarce. In a study from 2017, Bahmer and 

colleagues found that people with severe asthma were significantly less active than people 

without respiratory disease and to those with mild-moderate asthma291. The authors also 

found that this reduction was associated with measures of lung function291. Studies 

examining associations of the levels of physical activity with diseases outcomes other than 

airflow limitation in severe asthma or measuring sedentary time in this disease did not exist, 

as I identified in the literature review in Chapter 2. 
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In my study of 61 participants with severe asthma and 61 age- and sex-matched healthy 

controls, the levels of moderate to vigorous physical activity and steps/day of the severe 

asthma group were significantly decreased compared to controls. A different trend was 

observed for light physical activity, people with severe asthma accumulated slightly higher 

levels of physical activity compared to controls, and for sedentary time, where no statistically 

significant differences were observed between groups. Higher levels of physical activity 

(steps/day) were significantly associated with better exercise capacity and lower systemic 

inflammation, even after adjusting for the level of sedentary time. Similarly, higher levels of 

MVPA, adjusted for sedentary time, were significantly associated with better asthma control. 

These results suggest that different disease characteristics have different associations with 

the intensity of physical activity, and therefore interventions aiming at improving asthma 

control should aim for higher intensities of activities than those interventions aimed at 

improving exercise capacity. A second important finding was that, despite the detrimental 

significant associations found between sedentary time and most of the disease outcomes, 

these associations were attenuated to the null when adjusted for physical activity levels 

suggesting that the negative effects of sedentary time on respiratory outcomes could be 

mitigated by engaging in moderate physical activity. This important observation has 

implications for the design of future intervention studies in these patient groups. 

This study was novel for several reasons. First, it was the second study reporting device-

measured levels of physical activity in severe asthma. Second, I tested how physical activity 

was associated with several diseases’ outcomes, including several outcomes that have not 

been very well characterised in severe asthma, such as exercise capacity and systemic 

inflammation. My study addresses the need identified by recent studies which have 

suggested these outcomes as potential treatment targets or markers for the disease82, 376. 

Lastly, sedentary time had not been characterised nor associated with disease characteristics 
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before my study. Together, and as highlighted in an editorial which accompanied my 

publication409, my research suggests that physical inactivity should be addressed in people 

with severe asthma, and that the activity message should consider coaching patients 

regarding different spectrums of movement and intensities to achieve the expected goals. 

 

Chapter 4: Physical Activity in Obstructive Airway Diseases 

The fact that the disease characteristics measured in Chapter 3 are also prevalent in 

bronchiectasis and COPD led to my second study (Chapter 4), where I aimed to extend the 

characterisation and comparison of physical activity in severe asthma to other obstructive 

airway diseases including the widely researched COPD271, and bronchiectasis, a disease in 

which the measurement of this behaviour has received slightly more attention than in severe 

asthma284, 286, 287, but it is still considerably less well-researched than COPD.  

In this study, which included 189 participants with obstructive airway disease and 63 healthy 

controls, I found that people with severe asthma engaged in similar levels of physical activity 

compared to people with bronchiectasis, which also means that both diseases presented 

lower activity levels compared to the group without respiratory diseases. Conversely, both 

disease populations presented significantly higher levels of physical activity compared to 

moderate to severe COPD. These similarities and differences in severity were also observed 

in disease characteristics, such as airflow limitation, exercise capacity, dyspnoea, and 

systemic and airway inflammation. These characteristics were significant predictors of 

physical activity in obstructive airway disease, especially exercise capacity and airflow 

limitation. 

The importance of these data lie in the fact that to date, there was no study making direct 

comparisons between these populations in terms of physical activity reductions and 
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associations with disease outcomes. In fact, despite that recommendations have been made 

to include diseases other than COPD in pulmonary rehabilitation programmes to improve 

outcomes such as exercise capacity and to address inactivity89, 410, very little data exists in 

severe asthma particularly, to support this recommendation. This is even more important 

after the recently recognised need to revise and update traditional treatment approaches for 

diseases like COPD and severe asthma12, 51, 125, 149. The proposed label-free treatable traits 

management approach51 for instance, suggests that the management of chronic airway 

diseases should be based around measurable, clinically important, and treatable 

characteristics of these diseases rather than the diagnosis itself. Some of the disease 

characteristics that were significantly associated with physical activity in my study, such as 

exercise capacity, airflow limitation and systemic inflammation, have also been suggested as 

treatment targets by this model. In terms of physical activity, however, my study takes a step 

forward in suggesting that it is reduced physical activity, instead of its consequent 

deconditioning, that is the trait that should be targeted.  

The reason for this is because lower levels of physical activity:  

(i) are prevalent across all these conditions,  

(ii) occurs earlier in the disease than deconditioning, and therefore it could have a 

preventive role on the latter, and lastly  

(iii)  it is associated with other characteristics present in obstructive airways disease 

including exercise capacity, airflow limitation, systemic inflammation and 

dyspnoea, which despite of being present at different degrees of severity in each 

disease, they still predict physical activity levels and therefore could be 

treatment goals for improving this behaviour. 
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We expect that these data would guide future interventions aiming at addressing physical 

inactivity in obstructive airway disease, especially in severe asthma and bronchiectasis, 

where few data or tailored activity treatment programmes exist. 

 

Chapter 5: Physical activity and health status in severe asthma and bronchiectasis 

After testing that physical activity was significantly associated with pulmonary characteristics 

in obstructive airway disease, in Chapter 5 I sought to test the extent to which physical 

activity and other extrapulmonary characteristics of severe asthma and bronchiectasis are 

associated with HRQoL impairment. As a multidimensional and patient-related outcome, 

improving HRQoL should be one of the foremost goals for patient-centred management in 

chronic diseases14, 411. Data concerning the impact of pulmonary characteristics on HRQoL in 

obstructive airway disease have been published elsewhere49, 141, 404. However, there is a 

scarcity of evidence concerning the association between HRQoL and physical activity and 

other extrapulmonary characteristics of OAD, specifically for severe asthma and 

bronchiectasis. 

To address this knowledge gap, I evaluated the impact of extra pulmonary characteristics on 

HRQoL in 70 people with severe asthma and 61 with bronchiectasis. I found that, after 

adjusting for potential confounders, higher levels of physical activity, isometric muscle 

strength of the lower limbs and muscle mass, as well as lower levels of depressive and anxiety 

symptoms, and systemic inflammation were associated with better quality of life in people 

with severe asthma and bronchiectasis. In addition, as the first study characterising 

extrapulmonary features in severe asthma and bronchiectasis as an obstructive airway 

disease entity, and investigating the associations of these features with HRQoL, this study 

provides relevant clinical messages including:  
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(i) the severity of extrapulmonary characteristics is similar between these 

populations, and so is their interaction with health status,  

(ii) some of these extrapulmonary characteristics, such as skeletal muscle 

dysfunction, are widely addressed in COPD but their impact on other 

diseases is under-recognised,  

(iii) increasing severity of these variables was associated with statistically and 

clinically significant impairments in HRQoL. The latter point was highlighted 

as an important observation in Chapter 5 for physical activity. The 

differences between people in the highest tertile of physical activity 

compared to those in the lowest tertile (7000 steps/day versus <4200 

steps/day, respectively) was 15 units. This was almost 4 times the minimal 

clinically important difference of four units, for the St. George Respiratory 

Questionnaire, and a greater difference than that displayed by well-

recognised predictors of health status, such as anxiety and depression. 

Overall, from this study I contribute evidence that suggests these extrapulmonary 

characteristics are potential important treatment targets for interventions aimed at 

improving health status in these populations, especially for the domains of Activity and 

Impact of the disease. This study also adds to my previous studies to strengthen the evidence 

to consider physical activity interventions as a non-pharmacological strategy to improve both 

pulmonary and extrapulmonary clinical problems in obstructive airway diseases. 
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6.2. Limitations of this Thesis 

The most evident limitation of my Thesis is that the cross-sectional design used in all my 

studies does not allow me to ascertain directionality of the findings. However, it is likely that 

the relationship between movement behaviours and disease outcomes follows a 

bidirectional relationship. This is also backed by the existent and robust body of research for 

physical activity in COPD. My studies have provided evidence on how the different diseases 

and their characteristics are associated with physical activity, and this characterisation can 

guide common, and therefore more efficient strategies to improve this behaviour in 

obstructive airway diseases. 

An additional limitation of my Thesis relates to the differences in populations. In Chapter 4 

and 5, the disease populations had demographic characteristics which were considerably 

different between each other. It needs to be acknowledged that comparing more matched 

populations in terms of age and sex would have given a more accurate picture of the true 

impact of the disease on physical activity. Nevertheless, it also needs to be recognised in light 

of the aetiology and epidemiology of these diseases37, 96, 136, it would be very difficult to match 

moderate to severe COPD populations to severe asthma and bronchiectasis populations, 

given the different characteristics of people with these conditions. In terms of age for 

instance, Toelle et al96 illustrated the difference in prevalence at different ages for people 

with COPD. In their study, the weighted prevalence of people with COPD GOLD stage II or 

higher increased from 2% at the age of 40-54, up to 7.3%, and 29.2% at the age range of 55-

74 and ≥75 years old, respectively. This is in agreement with the age of our COPD population. 

In regards to severe asthma, in the prevalence study carried out by Hekking and colleagues, 

the reported age (mean ± SD) was 62.5 years old, very similar to our median age of our severe 

asthma population37. In bronchiectasis, Quint et al. reported that in 2013 the overall 

prevalence of bronchiectasis per 10,000 people increased from 254.9 cases up to 1239.7 for 
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people in their fifties and seventies, respectively136. So, overall, the age differences observed 

in our studies reflect the mean age of real-world disease populations. These age differences 

will irremediably impact on other clinical characteristics, such as airflow limitation and 

exercise capacity. Nevertheless, the statistical analysis concluded that, despite the 

differences between populations, there were no statistically significant interactions between 

the different diagnoses and the relationship between physical activity and the disease 

outcomes. 

Finally, the measurement of sedentary behaviour in this Thesis was limited to the population 

with severe asthma only, despite that the paucity of data addressing this behaviour extends 

to COPD and bronchiectasis. In each of the studies I have presented I also collected sedentary 

time data using the activPAL. This work with be published during my post-doctoral period. In 

the next section of this chapter (future directions), I will expand on this topic and how I plan 

to address this. 

 

6.3. Future directions 

What is the prevalence of sedentary behaviour in obstructive airway disease other than 

severe asthma, and how is this behaviour associated with disease outcomes in those 

bronchiectasis and COPD?  

The data presented in Chapter 3 show that sedentary time was not significantly different in 

severe asthma compared to people without respiratory disease. In addition, the study shows 

that when considering physical activity and sedentary time together in the analysis (adjusting 

for each other), the once statistically significant associations between disease characteristics 

and sedentary time were attenuated to the null. Since sedentary behaviour has not been 
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extensively addressed in others obstructive airway diseases, it is unclear whether in 

bronchiectasis and COPD a similar trend would be observed.  

To address this question, I am currently investigating associations between the level and 

pattern of this behaviour in bronchiectasis and COPD compared to people without 

respiratory diseases. I am planning to follow a similar approach as that reported in Chapters 

3 and 4, with the advantage that in this future work, the measurement of this behaviour will 

be extracted from a more accurate device (the inclinometer and accelerometer activPAL).  

After completion of this work, studies aimed at targeting physical activity in obstructive 

airway disease will be able to incorporate the knowledge of the relationship between these 

behaviours in these diseases, which may optimise the results of these interventions. 

Additionally, it could prompt clinical guidelines to incorporate messages regarding sedentary 

time as a non-pharmacological strategy in OAD. 

Additionally, data in Chapter 5 could be enriched by the consideration of sedentary 

behaviour as a confounding predictor of poor health status in bronchiectasis and severe 

asthma.  

In term of directions to further extend the knowledge from this Thesis, future longitudinal 

studies measuring physical activity or sedentary time as an exposure variable could provide 

more detailed information on the direction of the relationship between these behaviours 

and disease outcomes.  

Furthermore, qualitative studies in severe asthma and bronchiectasis researching patients’ 

perspective on physical activity are needed. The development of these studies, together with 

the new knowledge generated by my Thesis, will be useful for the design and implementation 

of future targeted person-centred physical activity interventions aimed at improving this 

behaviour in people with severe asthma and bronchiectasis. 
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6.4. Conclusions  

Lower levels of physical activity are prevalent in obstructive airway diseases. The decrease in 

activity seems to be more pronounced in moderate to severe COPD than in severe asthma 

and bronchiectasis, diseases where the levels of physical activity is similar. Physical activity 

was significantly associated with clinical and biological characteristics prevalent in the three 

diseases, and with better health-related quality of life. Levels of sedentary behaviour seems 

to be similar between severe asthma and healthy population, and its associations with 

disease characteristics were weaker than those for physical activity. Data characterising and 

comparing this behaviour in bronchiectasis and COPD is required to define its levels of 

engagement and associations across obstructive airway diseases. Overall, the research 

undertaken in this Thesis provides evidence to consider physical activity as a common 

strategy to improve clinical and biological markers in obstructive airway diseases. 
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APPENDIX V: CHAPTER 3 – ANALYSIS OF MOVEMENT BEHAVIOURS 
 

Measurement and analysis of physical activity and sedentary time in the article “Physical 
activity exercise capacity.in severe asthma: Key clinical association” 
 

Physical activity and sedentary time were assessed using the ActiGraph wGT3X-BT 

(ActiGraph, Pensacola, Florida), a device widely used in research180, 188, 201, and validated for 

COPD population207. This is a small device (4.6cm x 3.3cm x 1.5cm) that participants were 

fitted with to wear on a belt around their waist, positioned over the dominant hip, for 14 

consecutive days at the end of the first visit. They were instructed to remove the monitor 

during water-based activities and to record sleeping time and non-wear periods in a diary 

(see Appendix X for a copy of the full diary). The ActiGraph measure time-varying changes in 

force and activity levels typically are recorded as counts, which are then summed over a user-

specified time frame, or epoch245. The device was initialised using the ActiLife 6.11.6 Data 

Analysis Software, to collect raw data (accelerations or counts) in the vertical axis at 30 Hz 

rate in an epoch length of time of 10-seconds. The monitors were set up to start recording 

the day of the first visit, at 5:00 PM. After wearing the monitor for 14-days, participants 

returned to the research facility to undergo the second part of the visit and return the activity 

monitor. The monitor was then downloaded, and applied the wear time validation proposed 

by Choi and colleagues231. Since participants wore the monitor for 24 hours, compliance and 

sleep (nighttime and naps) were estimated from the diaries and visual examination of the 

ActiGraph data and excluded from the physical activity classification analysis. This was done 

by creating a digitalised and cross-checked version of the diary log. By undertaking this 

process I aimed to avoid misclassification of sleeping time as sedentary time. In addition, it 

allowed me to estimate and extract sleeping time even in if the diary was not fully completed 

by the participant. This process included the following: 
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• Data from the diaries given to participants (Appendix IX and picture S-V.I) were 

digitalised using the ActiLife log diary template (picture S-V.II). This template is in an 

Excel format, which can be downloaded from the scoring screen of the software and 

uploaded again into each data file once relevant information has been included. 

Sleeping time was regarded as “off time” in the log diary template. For instance, 

picture S-V.II shows data from a fictional participant for the period 26/12/2017 to 

27/12/2017. The participant woke up at 6:00 am and took the monitor off at 10:00 

am for a shower, and put it on again at 10:15 am. At 15:00, the participant had a 30-

minute nap. The participant went to sleep at 22:00 hrs. and woke up at 06:00 am of 

the following morning. 

 

Picture S-V.I: Screenshot of physical activity diary completed by participants 
(hardcopy). 
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Picture S-V.II: ActiLife log diary template. 

 

 

 

 

 

 

 

• The ActiLife AGD File (Accumulated Device Data) of every participant was visually 

inspected and contrasted with the data reported in participant’s diaries to update 

the log diary template. The AGD file (picture S-V.III) provides detailed information of 

the accelerations recorded every 10-seconds epochs. Recorded data from each day 

and time can be accessed by clicking in the desired day/hour. Times reported in 

participant’s diaries were regarded as the main guide for creating the digitalised 

Excel templates. However, if there was a mismatch of a few minutes (<30 minutes) 

between the data reported and that observed in the AGD file, I recorded as the valid 

time the time observed in the latter one. This process was repeated for every day of 

recording per participant. In case of missing data on participant’s diary (i.e. data not 

reported for any day/hour in the diary in the presence of available monitor’s data), 

nighttime sleeping time was estimated from the AGD file. Additionally, data from the 

first day of recording were not logged into the Excel diary template, and thus 

excluded from the analysis. Data from the last day of recording were also excluded if 

the monitor recorded for less than 10 hours that day. 
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Picture S-V.III: Screenshot of AGD file 

 

• Log diary templates including at least 4 days of recording with at least 10 hours per 

day (after excluding non-wear time) were uploaded into the device software after 

the data cleaning process. 

 

ActiLife software was used to score and summarise the data, using the widely used Freedson 

1998 algorithm246 and the filter option “use subject log-diary”. The output of this analysis was 

automatically exported into an Excel document, and then into the statistic program. 

The Freedson 1998 cut-point246 classifies activity as: Sedentary (0-99 counts per minute 

[CPM]); Light physical activity (100-1951 CPM); and Moderate and above physical activity 

(≥1952 CPM).  

Additional analyses performed included the application of different cut-points for 

categorising sedentary time. The issue of the sedentary time cut-point was brought up by 

one of the reviewers of JACI: In Practice, who was questioning the accuracy of the 0-99 CPM 
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cut-point for defining sedentary time. Nevertheless, analysing the sedentary time data with 

different cut-points (<150 and <50 CPM) did not alter the non-significant results between 

severe asthma healthy controls participants. There is conflicting evidence in the literature 

regarding alternative sedentary time cut-points. Kozey-Keadle and colleagues209 suggested 

that a <150 CPM cut-point may be more appropriate to define sedentary behaviour. Indeed, 

in a later study, the authors recommended a cut-point of 200 CPM using vector magnitude 

(triaxial accelerometer data). However, these ideas are contradicted by studies suggesting 

that lower cut-points (<50 CPM) are a better estimate of sitting time255, 256. Due to this lack 

of consensus, I opted to use the <100 cut-point, so that readers could compare the results of 

our study with previous estimates in the literature. Additionally, this cut-point has been 

shown to be detrimentally associated with cardiometabolic measures188. 
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