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Methods 18 

Participants 19 

Severe asthma participants were recruited from the Department of Respiratory and Sleep Medicine 20 

ambulatory care clinic at John Hunter Hospital, and by using the research databases of the 21 

Department of Respiratory and Sleep Medicine at John Hunter Hospital and the Hunter Medical 22 

Research Institute (HMRI).  23 

 24 

Inclusions and Exclusions 25 

Participants were ≥18 years and were excluded if they were diagnosed with current lung cancer, 26 

lymphatic or solid organ malignancy or had a poor prognosis (<3 months life expectancy).  27 

 28 

Severe Asthma Eligibility 29 

A confirmed diagnosis of severe persistent asthma, which was defined as ‘uncontrolled asthma 30 

which can result in risk of frequent severe exacerbations (or death) and/or adverse reactions to 31 

medications and/or chronic morbidity including impaired lung function’[1], on maximal treatment 32 

with inhaled corticosteroid and long-acting β2-agonist. Evidence of severe asthma was determined 33 

either by prior demonstration of variable airflow limitation from bronchodilator response (post 34 

bronchodilator reversibility of 12% or 200ml), or airway hyperresponsiveness or diurnal peak flow 35 

variation ≥15% at the screening visit or previously; treatment with high dose inhaled corticosteroids 36 

(defined as a daily dose of 1000mcg or greater of inhaled corticosteroids fluticasone propionate 37 

equivalence, as well as long acting β2-agonist) and long acting beta-agonists or maintenance oral 38 

corticosteroids;  and  FEV1 Post B2 agonist <80% predicted or FEV1/FVC <70% or poor asthma control 39 

questionnaire score (ACQ) ≥1.5, or severe exacerbation within previous 12 months requiring oral 40 

corticosteroid use [1].  41 
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Participants  with severe asthma were postponed for four weeks if within the last month they had 42 

taken antibiotics for chest or sinus problems; increased their reliever medication; had a cold; taken 43 

oral corticosteroids for an acute exacerbation; or had an acute infection.  44 

Randomised Controlled Trial (RCT) exclusions 45 

Participants were excluded from the RCT if they were receiving treatment with any macrolide 46 

or tetracycline, omalizumab, or itraconazole in the 4 weeks prior to screening. Also excluded 47 

were those with: hypersensitivity to macrolides; a prolonged QTc >480ms at screening or 48 

during treatment; taking medication that will interact with azithromycin in regard to QTc 49 

prolongation or existing ECG abnormalities that may lead to arrhythmias. Women who were 50 

pregnant or breast feeding or likely to become pregnant were also excluded. 51 

 52 

Multidimensional Assessment  53 

All participants underwent a multidimensional assessment to characterises pulmonary and 54 

extrapulmonary traits and behavioural/risk factors [2]. The multidimensional assessment was 55 

performed over two visits lasting approximately two hours each. The assessments performed 56 

and the trait identification markers are presented in table 1 of the main manuscript. 57 

RCT 58 

The severe asthma participants who were eligible for the RCT underwent the same 59 

multidimensional assessment. At completion of the multidimensional assessment 60 

participants were randomised to the intervention or control conditions (Figure 1 main 61 

manuscript). Participants in both arms attended multidimensional assessment visits at 62 

baseline and 16-week follow-up.  63 

 64 

 65 



 4 

Intervention 66 

For the intervention group the results of the multidimensional assessment were summarised 67 

by the case-manager and a multidimensional care plan was developed during a case 68 

management meeting with the multidisciplinary team; including the specialist physician, the 69 

specialist nurse, a dietitian and physiotherapist. The case-manager was a respiratory nurse 70 

specialist with approximately 15 years of experience in the management of patients with 71 

chronic lung disease. 72 

 73 

A care-plan was developed according to the identified traits. The individual’s traits were 74 

presented to the physician who was asked to rate the importance of these traits on a five-75 

point likert scale as previously described[4]. This was later used in discussion with the 76 

participant to define an agreed treatment plan. 77 

 78 

There was a predefined intervention for each of the traits identified in the multidimensional 79 

assessment, and a recommended number of visits that was pre-defined to enable delivery of 80 

the intervention for each of the traits (Table S2). The pharmacotherapy based inflammation 81 

treatments were directed by a inflammometry algorithm (Table S1). The multidisciplinary 82 

team implemented their respective interventions in the clinic on the same day to minimise 83 

the attendance burden on participants and to provide a more person-centred approach to 84 

care.   85 

 86 

At the first intervention visit the case-manager presented the participants with the results of 87 

their multidimensional assessment, and asked each participant to rate each trait according to 88 

how important it was to them[4]. They were then presented with the ratings of the physician 89 



 5 

and the individualised care plan. The participants were informed of the results of the 90 

multidimensional assessment, about the recommended treatment interventions for each of 91 

the traits identified, and were provided with education about how each of the interventions 92 

might improve the identified traits (Table S4)[4].Using a partnership approach the 93 

participants and case-manager agreed on the implementation of the plan. The intervention 94 

group attended study visits based on the number of targeted interventions they required 95 

(Table S2).  An example of this plan is presented in Table S3.   96 

 97 

Assessments 98 

Pulmonary 99 

Airflow limitation was assessed using spirometry (Medgraphics, CPFS/D USB™ Spirometer; 100 

BreezeSuite v7.1, Saint Paul, MN, USA) to measure pre and post bronchodilator FEV1, FVC and 101 

FEV1/FVC%. Spirometry was performed according to the standards of the American Thoracic 102 

Society[5]. Predicted FEV1 and FVC was calculated using NHANES III equations[6].   103 

 104 

Airway inflammation was defined using induced sputum differential cell count. Sputum was 105 

induced using a combined 4.5% hypertonic saline challenge/induced sputum protocol, if FEV1 106 

was <1.0L, a sputum induction was performed using 0.9% normal saline[7]. Lower respiratory 107 

sputum portions were selected and dispersed using dithiothreitol. Total cell counts and cell 108 

viability (Trypan blue exclusion) were performed, followed by preparation of cytospins for 109 

differential cell counts from 400 non-squamous cells using May-Grunwald Giemsa. Airway 110 

eosinophilia was defined as sputum differential eosinophil count of ≥3%, airway neutrophilia 111 

was defined as differential neutrophil count as ≥61% [8]. 112 

 113 
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Fractional exhaled nitric oxide (FeNO) was also measured (ANALYZER CLD 88 Series with 114 

DENOX 88, Duernten, Switzerland) and used to categorise eosinophilia if sputum was not 115 

available. Bacterial colonisation of the lower airway was identified using sputum bacteriology. 116 

Plates were incubated for 24-48hr in 37°C 5% CO2. Bacterial colonies were counted and sub-117 

cultured for identification. Exacerbations were assessed using an exacerbation assessment 118 

module, with the number of events used as the outcome measure[9].  Dyspnoea and mucus 119 

hyper-secretion were measured using questionnaires[2]. Oxygen saturation was measured by 120 

pulse oximetry. Participants were screened for bacterial colonisation of the lower airway 121 

using sputum quantitative and qualitative bacteriology. 122 

 123 

Extrapulmonary: 124 

Peripheral venous blood was collected into Vacutainer® tubes (BD Worldwide, North Ryde, 125 

NSW, Australia) using standard infection prevention procedures and full blood count using 126 

standardised methods on a Beckman Coulter LH series analyser (Beckman Coulter Ltd, USA)  127 

and high sensitivity C-Reactive Protein (hsCRP) and IgE were analysed using using commercial 128 

enzyme-linked immunosorbent assay (ELISA) according to the manufacturer’s instructions 129 

through the Hunter Area Pathology Service through Hunter Area Pathology Service 130 

(Newcastle, Australia).  131 

 132 

In addition to the medical history, participants were screened for the following conditions: 133 

anxiety and depression (Hospital Anxiety and Depression Scale)[10], breathing dysfunction 134 

(Nijmegen breathing questionnaire)[11] and excessive daytime sleepiness (Epworth 135 

sleepiness scale)[12]. The Charlson Comorbidity Index (CCI) was calculated using the 136 
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information collected in the medical history[13]. Height and weight were measured to 137 

calculate BMI.  138 

 139 

Behavioral/Risk factor: 140 

Six Minute Walk tests were performed to determine exercise tolerance according to the 141 

recommendations of the American Thoracic Society ATS[14]. BMI was calculated as weight in 142 

kilograms divided by height in metres squared (kg/m2). Whole-body and regional body 143 

composition were estimated by dual-energy X-ray absorptiometry (DEXA), using DEXA 144 

Scanner-GE Lunar Prodigy Pro (GE Healthcare, Giles HP8 4SP, United Kingdom). The variables 145 

of interest were body mass index (BMI), bone density (T-score), and appendicular skeletal 146 

muscle mass index (ASMMI).  147 

 148 

Smoking was assessed via self-report, and abstinence was confirmed via an exhaled carbon 149 

monoxide level <10 ppm (PiCO meter, Bedfont, Kent, UK). Inhaler technique was assessed 150 

using a standardised measure[15] and inhaler device poly-pharmacy was recorded.  151 

Participants were asked whether they had been prescribed a written action plan.  152 

 153 

Description of outcome measure 154 

The Asthma Quality of Life Questionnaire (AQLQ) is a disease specific quality of life tool that 155 

measures the functional impairments that most concern people with asthma. The 156 

questionnaire consists of 32 questions, a seven-point Likert scale of responses is provided for 157 

each question. The questionnaire assesses the impact of asthma on quality of life over the 158 

previous 2 weeks. The four domains covered include; asthma symptoms (12 items), activity 159 

limitation (11 items), emotional function (5 items) and emotional stimuli (4 items). An 160 
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improvement of 0.5 or greater is considered the minimal clinically important difference 161 

(MCID) [16].   162 

 163 

Disease-specific quality of life was also measured using the St George Respiratory 164 

Questionnaire (SGRQ)[17].  The SGRQ is a self-administered Health Related Quality of Life 165 

(HRQoL) measure containing 50 items and 76 weighted responses divided into three 166 

components: Symptoms, Activity, and Impacts.  A four unit change in score is the MCID [18].  167 

 168 

The Asthma Control Questionnaire was administered and the ACQ5 was calculated, this is a 169 

validated tool for assessing asthma symptom control. Validation and testing of the ACQ has 170 

determined a change of 0.5 as the MCID [19]. 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 

 182 

 183 
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Table S1: Pharmaceutical Benefits Scheme Onalizumab critieria at time of intervention Requirements 184 

for 2014. 185 

Pharmaceutical Benefits Scheme Onalizumab critieria at time of intervention Requirements (2014) 
Age ≥ 12 years 
Has had asthma for at least 12 months AND 
 
FEV1 ≤ 80% predicted documented on 3 or more occasions in the last 12 months AND 
 
Past or current evidence of atopy, documented by skin prick testing or RAST AND 
 
A total serum human immunoglobulin E (IgE) ≥ 76 IU/mL 
 
Under the care of a respiratory physician, clinical immunologist, allergist or physician experienced in severe 
asthma for 12 months 
Confirmed and documented diagnosis of asthma including: 
 
FEV1 reversibility 
OR 
Airway hyperresponsiveness 
OR 
Peak Expiratory Flow 

Adherence to maximal inhaled therapy, including high dose inhaled corticosteroid (budesonide 1600 
micrograms per day or fluticasone propionate 1000 micrograms per day or equivalent), plus long-acting beta-2 
agonist therapy (at least salmeterol 50 micrograms twice daily or eformoterol 12 micrograms twice daily) for at 
least 12 months, unless contraindicated or not tolerated; and 

Oral corticosteroids (at least 10 mg per day prednisolone (or equivalent)) for at least 6 weeks, unless 
contraindicated or not tolerated.  

Failed to achieve adequate control with optimized asthma therapy, despite formal assessment of and adherence 
to correct inhaler technique 

 186 

Results 187 

 188 
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Table S2: Traits and predefined interventions with number of visits. 

Pulmonary Intervention Predefined guide 
for number of 

visits* 
Airflow Limitation High dose inhaled corticosteroids and long acting bronchodilator 3 
Airway Inflammation - Eosinophilic Inhaled Fluticasone 500mcg bd and prednisolone 12.5mg and adjusted sputum cell counts. 3 

Airway Inflammation - Neutrophilic 
Azithromycin 250mg daily for 16 weeks.  If macrolides were contraindicated Doxycycline 200mcg for day one 
and then 100mg daily was used. 

3 

Frequent Chest Infection Antibiotic tailored written action plan and self-management education. 4- As part of the 
self-management 
education 

Pathogen Colonisation Antibiotic tailored written action plan. 4- As part of the 
self-management 
education 

Mucus Hypersecretion Participants were reviewed by a physiotherapist for assessment and instruction in the use of devices (Acapella) 
to assist with muco-ciliary clearance (MCC). In those with excessive secretions hypertonic saline was also 
considered, prescribed in conjunction with MCC techniques and education. Macrolides were also considered for 
persistent refractory mucus hypersecretion.  

2 

Oxygen Desaturation If oxygen desaturation was observed during the 6 minute walk test, an overnight oximetry was conducted and 
oxygen prescribed according to guidelines[20]. 

2 

Dyspnoea Pulmonary rehabilitation and dysfunctional breathing intervention 3 +/- PRP 
Extra Pulmonary Intervention  Number of visits 

Dysfunctional Breathing A combination of breathing retraining techniques including diaphragmatic breathing, pursed lip breathing, 
postural correction, control of breathing, nasal breathing, and thoracic stretching. Participants were taught to 
utilize arm bracing, pursed lip breathing and forward lean positions when significantly breathless to improve 
recovery. Attention was focused towards teaching participants how to recognize their individual triggers of poor 
breathing patterns, to improve breathing pattern awareness and to improve self-efficacy. Emphasis was placed 
on slower breathing, with relaxed accessory muscles, reduction of upper chest pattern and improvement in 
both lateral basal expansion and diaphragm recruitment. Participants received an initial educational session 
followed by 2 individual training sessions. Participants were advised to practice the breathing exercises for 10 
minutes each day and during breathlessness or in response to triggers of breathlessness. 

3 

Vocal Cord Dysfunction (VCD) Study participants diagnosed with VCD were reviewed by a speech therapist for management during the 
treatment visits.   

3 

Anemia Treated according to guidelines. 2 
Systemic Inflammation Rosuvastatin 20mg nocte for 16 weeks 2 
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Day Time Sleepiness Home sleep study and CPAP treatment for diagnosed obstructive sleep apnea or domiciliary oxygen for hypoxia. 3 
Body Composition  
 
 
 
 
 
 
 
 
 
 
 
 

A 3 pronged intervention tailored to BMI.  
All participants received an individualized dietetic intervention, delivered by an accredited practicing dietitian. 
Healthy Eating Advice (all): Education regarding the components of a balanced diet, promoting anti-
inflammatory foods high in Omega 3 fatty acids, antioxidants and calcium for bone health.  
Underweight –Healthy intervention plus nutritional supplements and counselling.  Dietetic information 
regarding weight gain, including a high protein (1.2-1.5g Protein per Kg Ideal Body Weight), high energy (120% 
of Estimated Energy Requirements) eating plan and a nutritionally complete oral supplement (Two Cal HN, 
Abbott Nutrition and/or Sustagen Hospital Formula, Novartis Nutrition).  
Overweight – Healthy intervention plus dietetic intervention that focused on weight reduction/weight 
maintenance through a non very low calorie diet.  Weight loss and maintenance was aimed for through calorie 
restriction. The weight management program ‘Lose it Fast’ (available through Dietetics Association of Australia) 
was the foundation for this intervention. This intervention was nutritionally complete and was altered according 
to the participant’s progress throughout the study.  

Healthy weight- 1 
Underweight- 2 
Overweight- 5 

Depression and Anxiety Participants were taught how to recognize symptoms of stress and panic and how to implement stress 
management strategies.  General support, specific behavioral training in the management of panic and anxiety 
and use of appropriate antidepressant medications where needed were provided to participants.  The 
behavioral training and support was provided during individualized counselling sessions with the nurse and a 
referral to a psychologist was actioned if symptoms were poorly controlled.  
In those with refractory symptoms of depression paroxetine 20mg was prescribed in consultation with a 
psychiatrist. 

4 

Risk Factors and behavioral traits Intervention  Number of visits 
Osteopenia/ Osteoporosis Pharmacotherapy based on the Australian Osteoporosis guidelines was implemented in participants with a 

diagnoses of osteoporosis or anyone with previous fractures and oesteopenia [21]. This involved prescription of 
Vitamin D 25mg daily, dietary advice, and weight bearing exercise.  

1 

Smoking Individualized smoking cessation support and pharmacotherapy delivered by a specialist respiratory nurse 
working in conjunction with a respiratory physician.  The recommendations of the DoHA Smoking Cessation 
guidelines for General Practice were used [22].  The intervention included an assessment of nicotine 
dependence using a modified Fagerstrom questionnaire [23] exploring the time to first cigarette (TTFC) and 
number of cigarettes smoked per day.  This will be followed by an assessment of readiness and motivational 
interviewing using the five A’s of smoking cessation[22]. The nurse recommended pharmacotherapy in the form 
of nicotine replacement therapy (NRT), this included the use of combination NRT.  If further pharmacotherapy 
(Varenacline, Buproprion) was required participants were assessed by the study physician for suitability and 
prescriptions and education were provided.  

4 

Sarcopenia High protein diet (see body composition) and resistance exercise training. 5 
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Participants were asked to perform a home-based strength training program 3 days per week with a rest day in 
between training sessions.  The specific exercises included shoulder press, wall/bench push ups,  prone 
horizontal abduction,  squats or sit to stands or lunges,  wall ‘plank’ or floor ‘plank’.  
Emphasis was placed on posture correction and maintenance throughout all exercises.   An experienced 
physiotherapist trained in exercise prescription recommended and supervised the training program.  
Participants received instruction in the exercises and precautions for training.  
Dose and Frequency 
Load was prescribed according to the participant’s 10-15 Repetition Maximum, equivalent to the highest weight 
the participant was able to lift through the full range of motion of the specified exercise 10-15 times, providing 
there is no pain or significant dyspnoea reported.  The 10-15 repetition maximum was reassessed at each face 
to face review, and progression of load was advised based on the reassessed 10-15 repetition maximum weight 
achieved. The load was upgraded under supervision only. The participants completed 3 consecutive sets of 10-
15 repetitions, 3 times per week. Face to face reviews occurred at week 2, week 6 and week 12.  

Inhaler Device Polypharmacy Minimizing the number of inhaler devices when possible.  4- As part of the 
self-management 
education 

Inadequate Inhaler Device 
Technique Inhaler technique was assessed by a trained observer using a standardized checklist[15]. Errors in inhaler 

technique were corrected and technique was reassessed and corrected at each visit.  

4- As part of the 
self-management 
education 

Sub Optimal Adherence Adherence aiding strategies included: minimizing the number of medications, minimizing the frequency of doses 
and the number of devices, tailoring treatments to the participants lifestyle and acceptability, the provision of 
education regarding the role of their medication and personalizing the effect of treatment on the objective 
findings of lung function and airway inflammation; a discussion of potential side effects of treatment and ways 
to minimize side effects at the time of prescription, and provision of a written plan in a language and text that 
could be understood. 

4- As part of the 
self-management 
education 

Absence of Written Action Plan Participants were given an individualized written self-management plan with instruction for the management of 
exacerbations.    The written action plan included medications to address underlying problems, such as oral 
Corticosteroids; Inhaled Corticosteroids/Long Acting Beta Agonist; or antibiotics for purulent bronchitis or 
chronic bacterial colonization.  Participants colonized with a gram negative bacteria received a written action 
plan which included antibiotics prescribed based on sputum anti-microbial sensitivity testing.  

4 - As part of the 
self-management 
education 

Exercise Intolerance 
 

Participants were prioritized for an 8 week multidisciplinary pulmonary rehabilitation program. 2 times/week for 8 
weeks 

PRP; Pulmonary Rehabilitation Programme 
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Table S3: Inflammometry Algorithm 

  

Component Management 
Eosinophilic Airway Inflammation 
(Sputum eosinophil count ≥ 3%) 

Inhaled corticosteroids 500mcg, BD and 
prednisolone 12.5mgs adjusted according to 
SIVA[24] 

Neutrophilic Airway Inflammation 
(Sputum neutrophil count ≥ 61%)  

Azithromycin 250mg daily for 16 weeks  

Mucus Hypersecretion  
(> 25mls sputum expectorated/day) 

Positive Expiratory Pressure Device (Acapella) 
and hypertonic saline 6% BD 

Systemic non allergic inflammation 
(CRP≥3mg/l) 

Rosuvastatin 20mgs nocte for 16 weeks 

Systemic allergic inflammation  Omalizumab (dose determined on individual 
weight and serum IgE) 
Intraconazole 200mg daily dose (adjusted by 
drug level) for 16 weeks if antifungal 
sensitization is present 
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Table S4: An example care plan 

The problems I would most like to improve are: 
Airflow obstructed/blocked 
Twitchy airways causing narrowing 
Unhealthy weight range (overweight) 
other medical problems/diagnosis 
Inflammation (swelling) in the airways 

Decreased strength 
Low Bone density  
  
  
  
  

The problems my doctor and health care team would most like to improve are: 
Unhealthy weight range (overweight) 
other medical problems/diagnosis 
Inflammation (swelling) in the airways 
Decreased strength 
Low Bone Density  

Airflow obstructed/blocked 
Twitchy airways causing narrowing 
  
  

My recommended treatments for improving these 
problems are: 

By doing this I can: 

  
Engage in self management education: 
- discuss triggers, allergies and exposure 
- education regarding optimal inhaler technique 
-education of asthma precautions/treatment 
- develop a written action plan with steroids  
   to reduce asthma flare ups. 
  
See a physiotherapist: 
- learn and practice breath training 
- individualised home exercise programme  
  
See a Dietitian: 
- counselling and healthy eating education 
  
Medications: 
-commence Prednisone 12.5mg daily for 
inflammation ( swelling ) in the airways  
- commence Ostelin 25mcg daily for low bone mineral 
density 
- continue Seretide 250/50, 2 puffs morning and night 
 
Possible upper airways dysfunction:-  
-CT of Vocal cords 
- laryngoscopy 
  
  

  
 Improve my management 
Get the most out of my medications 
Decrease the frequency and severity of flare ups  
  
 
  
  
  
Improve core strength 
Improve breathlessness 
  
  
Improve my weight 
  
   
To improve the inflammation ( swelling ) in the 
airways  
To improve bone mineral density  
  
   
 
To improve symptoms 
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Table S5 : Add on pharmacotherapies commenced in the usual care severe asthma clinic 

Add on pharmacotherapies control 
participants 

Number of participants who received 
treatment 

Systemic corticosteroids 4 
Maintenance antibiotics 2 
Omalizumab 3 
Leukotriene Receptor Antagonists 5 
Long Acting Muscarinic Agents 2 
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Table S6: Mean change from baseline to follow-up for the clinical characteristics by treatment group. Includes all data on all RCT participants. 
Trait Measure Intervention   Usual Care  

Pulmonary  
Baseline 

 
Follow-up 

 
Mean change 

95%, [CI] 
Baseline 

 
Follow-up 

 
Mean Change 

95% [CI] 
Airflow Limitation FEV1 % Predicted, mean, [95% CI] 72.71 [62.84, 82.59] 76.25 [67.25, 85.26] 3.54 [-0.11, 7.19] 74.86 [66.19, 83.52] 76.20 [67.60, 84.80] 1.35 [-2.29, 4.99] 
Airway Inflammation - 
Eosinophilic 

Sputum Eosinophils (%), median [95%CI]  3.50 [1.50, 8.00]  7.25 [1.50, 17.25] -2.52 [-8.83, 3.79] 6.00 [1.00, 12.80] 3.75 [1.25, 32.75] 8.20 [-.01, 16.41] 

Airway Inflammation - 
Neutrophilic 

Sputum Neutrophils (%), median  32.00 [16.50, 62.25] 29.25 [12.75, 52.50] -1.35 [-13.33, 10.62] 36.25 [22.00, 59.25]  32.75 [16.25,54.25] -4.50 [-17.05, 8.05] 

Systemic Allergic Inflammation ACQ-5, mean, [95% CI] 2.27 [1.82, 2.72] 1.55 [1.07, 2.03] -0.72 [-1.25, -0.18] 1.71 [1.27, 2.17] 1.80 [1.32, 2.28] 0.08 [-0.21, 0.37] 
Frequent Chest Infection Number of antibiotic courses, mean, [95% CI] 2.39 [1.41, 3.38] 1.57 [0.10, 3.03]** -0.83 [-2.25, 0.59] 1.95 [0.89, 3.01] 2.40 [0.83. 3.97]** 0.45 [-1.34, 2.24] 
Pathogen Colonisation Number of pathogen, median [95%CI] 0 [0,0] 0 [0,0] 0.12 [-0.53, 0.29] 0 [0,0] 0 [0,1.00] 0.11 [-0.12, 0.33] 
Mucous Hypersecretion Excessive sputum volume^ n (%) 5 (17.86) 2 (7.13) -3.00# 2 (7.41) 0 (0) -2.00# 
O2 Desaturation SpO2 92.91 [91.48, 94.34] 93.77 [92.73, 94.81] 0.86 [-0.53, 2.26] 93.54 [92.17, 94.91] 94.42 [93.42, 95.34] 0.88 [-0.31, 2.06] 
Dyspnoea MMRC 2.09 [1.52, 2.66] 1.91 [1.33, 2.50] -0.17 [-.58, 0.23] 2.16 [ 1.61, 2.71] 1.76 [1.20, 2.32] -0.40 [-0.71, -0.85] 
Extra Pulmonary        
Dysfunctional Breathing Nijmegen Score, mean, [95% CI] 24.57 [19.38, 29.76] 19.52 [14.16, 24.89] -5.04 [-7.65, -2.43] 22.04 [16.96, 27.12] 21.33 [16.08, 26.59] -0.71 [-2.76, 1.34] 

Anaemia Hb,  mean, [95% CI] 
138.80 [134.14, 

142.94] 
131.89 [122.66, 

141.13] 
-6.65 [-18.89, 5.59] 136.88 [132.57, 

141.19] 
136.80 [127.75, 

145.85] 
-0.80 [-2.32, 2.16] 

Systemic Inflammation Hs-CRP, median [95%CI] 3.90 [2.20, 7.10]  2.60 [1.70, 3.50] -4.09 [ -8.14, -0.03] 3.30 [1.70, 7.30] 2.50 [1.40, 4.30]  -0.61 [-1.75, 0.54] 
Day time sleepiness Epworth Sleepiness Scale, mean, [95% CI] 8.04 [5.84, 10.25] 7.48 [5.15, 9.80] -0.57 [-2.04, 0.91] 8.96 [6.84, 11.08] 9.36 [7.13, 11.59] 0.40 [-1.10, 1.90] 

Obesity BMI,  median, [95% CI] 31.81 [27.76, 33.70]  31.54 [26.61, 32.98] -0.36 [-1.09, 0.37] 30.49 [26.63, 36.64]  31.35 [26.11, 32.99] 0.06 [-0.42, 0.53] 

Depression and or Anxiety HADS- Total,  mean, [95% CI] 
HADS- Depression,  mean, [95% CI] 
HADS- Anxiety,  mean, [95% CI] 

12.13 [9.02, 15.23] 
5.29 [3.73, 6.85] 
6.83 [5.07, 8.60] 

10.92 [7.74, 14.09] 
4.67 [3.07, 6.26] 
6.25 [4.33, 8.17] 

-1.21 [-2.91, 0.49] 
-0.63 [-1.63, 0.38] 
-0.58 [-1.61, 0.44] 

11.33 [8.23, 14.44] 
4.67 [3.11, 6.23] 
6.67 [4.90, 8.43] 

11.09 [7.91, 14.26] 
4.38 [2.78, 5.97] 
6.71 [4.78, 8.63] 

-0.25 [-1.75, 1.25] 
-0.29 [-1.31, 0.73] 
0.04 {-0.84, 0.93] 

Vocal cord dysfunction LDQ, mean, [95% CI] 6.17 [5.43, 6.92] 6.09 [5.43, 6.74] -0.09 [-0.62, 0.45] 5.56 [4.84, 6.28] 5.80 [5.17, 6.43] 0.24 [-0.39, 0.87] 

Risk Factors and behavioural 
traits  

      

Absence of written action plan Presence of WAP, n (%) 15 (53.57) 24 (85.71) 9# 17 (62.96) 18 (66.67) 1# 

Exercise intolerance 6 minute walk test,  mean, [95% CI] 
483.08 [438.52, 

527.64] 
499.39 [452.69, 

546.09] 
16.30 [-5.67, 38.28] 477.62 [435.94, 

519.31] 
493.25 [449.56, 

536.93] 
15.62 [-18.13, 49.37] 

Bone Density- Osteoporosis T-score,  mean, [95% CI] -0.41 [-0.93] -0.41 [-0.92, 0.10] -0.00 [-.142, 0.13] 0.01 [-0.54, 0.55] 0.01 [-0.52, 0.55] 0.01 [-0.09, 0.11] 
Smoking Exhaled Carbon Monoxide,  mean, [95% CI] 

Smoking status, n (%) 
6.13 [3.47, 8.79] 

3 (10.71) 
3.26 [1.46, 5.06] 

1 (3.57) 
-2.87 [-6.51, 0.77] 

-2.00# 
3.92 [1.37, 6.47] 

4 (14.81) 
5.44 [3.71, 7.17] 

4 (14.81) 
1.52 [-0.06, 3.10] 

0.00# 
Sarcopenia ASMMI,  mean, [95% CI] 7.25 [6.73, 7.77] 7.16 [6.62, 7.69] -0.09 [-0.36, 0.18] 7.34 [6.82, 7.86] 7.45 [6.91, 7.99] 0.11 [-0.05, 0.27] 
Inhaler Device Polypharmacy Number of inhaler devices,  mean, [95% CI] 2.44 [2.07, 2.80] 2.04 [1.72, 2.37] -0.39 [-0.80, 0.02] 2.80 [2.45, 3.15] 2.48 [ 2.17, 2.79] -0.32 [-0.65, 0.01] 
Inadequate inhaler device 
technique 

Inadequate Inhaler device technique, n (%) 15.00 (55.56) 5.00 (20.83) -10# 16.00 (64.00) 11.00 (44.00) -5# 

Non adherence Non-adherence, n (%) 6 (21.43) 4 (14.29) -2# 5 (18.52) 2 (7.41) -4# 

[95% CI] FEV1- Force expiratory volume in one second; FVC- Forced vital capacity; ACQ- Asthma Control Questionnaire; Hb- Haemoglobin; hsCRP- high sensitivity C-reactive protein; BMI- Body Mass Index; CO- Carbon Monoxide; ** converted to annualised rate;   ^ A volume ≥ 
25mls of mucus produced daily for the last week in the absence of an infection; Hb- haemoglobin; hsCRP- high sensitivity C-reactive protein; LDQ- Laryngeal Dysfunction Questionnaire; SpO2- Peripheral capillary oxygen saturation;  WAP- Written Action Plan; HADS- Hospital 
Anxiety and Depression Scale; ASMMI – Appendicular Skeletal Muscle Mass; Data presented as mean (SD), unless stated otherwise. #net change in number of participants from baseline to follow-up.  
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Table S7: Exacerbation type for the intervention group compared to the control group, accounting for baseline exacerbations.   

Exacerbation Type Rate  
 

Incident Rate Ratio CI (95%) 

 Control  Intervention   
Total exacerbations 1.29 0.87 0.68 (0.36, 1.27) 
Severe exacerbations 0.76 0.69 0.92 (0.40, 2.08) 
Moderate exacerbations 0.54 0.18 0.34 (0.11, 1.01) 
Exacerbations requiring hospitalisation 0.36 0.07 0.50 (0.18, 22.28) 
Exacerbations requiring OCS 0.61 0.69 1.14  (0.51, 2.56) 
Visits to the GP 0.50 0.07 0.14 (0.02, 0.93) 
Use of WAP 0.41 0.58 1.43  (0.51, 4.04) 

OCS – Oral Corticosteroids, WAP – Written Action Plan; GP- General Practiioner.  
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