
Predicting inhaled steroid 
responsiveness using blood eosinophil 

counts: personalising long-term 
management of COPD in primary care 

 

Helen Frances Ashdown 

Somerville College 

University of Oxford 

A thesis submitted for the degree of Doctor of Philosophy 

Michaelmas Term 2019  



 

 

 

 

 

This thesis is dedicated to my parents 

Paul and Valerie Davis 

for placing so much value on my education, teaching me 
that there is no limit to achievements and encouraging 

persistence and grit in all endeavours 

  



Abstract 

Predicting inhaled steroid responsiveness using blood eosinophil counts: personalising 

long-term management of COPD in primary care 

Helen Frances Ashdown, Somerville College 

Doctor of Philosophy in Primary Health Care 

Michaelmas Term 2019 

Background 

Management of chronic obstructive pulmonary disease (COPD), including initiation of 

inhaled corticosteroids (ICS), has thus far generally been based on a ‘one-size-fits-all’ 

approach. However, benefits of ICS are unclear, and they may harm some patients. Blood 

eosinophils have been identified as a readily available biomarker to guide decisions about 

ICS treatment in COPD, but they have not been studied in an ICS-naïve, primary care 

population. A device for estimating blood eosinophil counts at the point of care is now 

available. This doctoral project aimed to characterise blood eosinophils and ICS 

responsiveness in people with COPD in primary care, as well as assess agreement between 

near-patient vs. laboratory testing for blood eosinophils. 

Methods 

This project comprises two major studies, each with several constituent parts. First, a study 

of 30,378 routinely-collected primary care records were used for descriptive and 

hypothesis-testing components. Second, a prospective cohort study recruited 96 



participants to obtain laboratory and near-patient blood eosinophil data at multiple visits 

over a six-month period. 

Results 

Approximately half of patients fell into a ‘medium’ category of eosinophils in the range 0.15 

to 0.34 x10*9/L. Repeatability of eosinophil counts was either ‘good’ or ‘excellent’ in the 

two cohorts. There was a lower risk of acute exacerbations in patients with higher 

eosinophil counts who were prescribed an ICS, with a clear ‘dose-response’ by eosinophil 

count. There was no clinically important difference between near-patient and laboratory 

eosinophil values. 

Conclusions  

Patients with higher blood eosinophils are more likely to benefit from ICS. Blood eosinophil 

counts are generally repeatable and are applicable for guiding ICS treatment decisions in 

primary care. Blood eosinophil categories in combination with other clinical features such 

as acute exacerbation frequency could provide a more personalised approach to 

pharmacological management of COPD. Near-patient eosinophil count testing could 

support rapid decisions about ICS treatment in primary care.  
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Preface: A personal journey 

In this preface I discuss my reasons for embarking on this doctoral project and how I came 

to undertake the studies included within it, my choice of supervisors, the changes I have 

made to the thesis I originally planned (and why), and my other primary care, respiratory 

and clinical academic roles. 

From 2010-2014 I undertook an Academic Clinical Fellowship (ACF) in Primary Care, based 

in the Nuffield Department of Primary Care, University of Oxford. During this time I 

completed my clinical training in General Practice, and led or was involved in research 

studies across a range of fields including diagnostic technology, child health, infection and 

antibiotic prescribing, and I developed skills in study designs including systematic reviews, 

diagnostic accuracy and qualitative studies, running clinical studies in a secondary care and 

non-NHS setting, and completed a Postgraduate Diploma in Healthcare Research. 

I was clear after my ACF that I wanted to continue long-term as a clinical academic, and I 

therefore applied for doctoral research funding from the National Institute for Health 

Research (NIHR). I wanted a project which linked my interest in diagnostic technology, with 

my longstanding clinical interest in respiratory medicine, and particularly in chronic 

obstructive pulmonary disease (COPD). I was also keen to use a doctoral program to fill in 

gaps in my research knowledge, specifically to become familiar with using a large primary 

care database such as the Clinical Practice Research Database (CPRD), to improve my 

statistical knowledge and ability with statistical programming, and to gain experience of 

running a clinical study in a primary care setting through an established Clinical Trials Unit 

(CTU). 



I was fortunate to be introduced to Mona Bafadhel and Ian Pavord (both respiratory 

consultants and researchers at the Oxford University Hospitals (OUH) NHS Trust) by my GP 

ACF mentor, Dan Lasserson. Mona had recently completed studies on phenotyping COPD 

exacerbations1 and blood eosinophil-guided treatment of COPD exacerbations in 

secondary care,2 which had identified blood eosinophils as a biomarker of eosinophilic 

exacerbations and as a potential guide to directing oral steroid treatment in exacerbations, 

and was shortly to commence studies recruiting in primary care to address the same 

question, using point-of-care testing to provide an immediate eosinophil count. Several 

studies3-8 (discussed in Chapter 1) published a decade previously had indicated that sputum 

eosinophils could be used to guide oral or inhaled corticosteroid treatment in long-term 

COPD management, but this had not been studied for peripheral blood eosinophils or in a 

primary care population, which seemed an obvious literature gap, and next step for 

research, given Mona’s new findings in the context of COPD exacerbations. As such, blood 

eosinophils could be a potential easy-to-measure biomarker (as they are obtained 

automatically as part of the full blood count), highly applicable for use in a primary care 

setting, which could be used to direct inhaled corticosteroid (ICS) treatment – the use of 

which had become more controversial due to concerns about harms, particularly 

pneumonia, associated with its use (see Chapter 1). 

 Together with Dan, Mona, Ian, and Chris Butler (Professor of Primary Care, who had 

recently moved to Oxford from Cardiff and was commencing a study on CRP-guided 

antibiotic treatment of COPD exacerbations), I designed a research proposal that would 

address this hypothesis and included a systematic review, CPRD study and prospective 

observational cohort study recruiting in primary care (the ‘COMET’ study). I also planned 



to investigate other putative biomarkers of eosinophilic inflammation which might be 

applicable to a primary care setting, including fraction of exhaled nitric oxide (FeNO, which 

had recently attracted interest in asthma diagnosis and management), and periostin. 

I consulted with patients living with COPD via local patient groups, who found managing 

multiple inhalers burdensome and welcomed research which might help better target 

inhalers to those who would most benefit (full details of patient and public involvement 

are in Section 3.2.10). 

I was fortunate to obtain NIHR funding and I commenced my doctorate in October 2014. 

Due to the complexities of the epidemiological analysis, the NIHR requested that I appoint 

a specific statistical supervisor: this was initially Richard Stevens, followed for most of my 

doctorate by Emily McFadden and Margaret Smith. I have undertaken specific training 

courses (described in the epilogue) to improve my skills in statistical methods. 

Published work in the field of blood eosinophils in COPD was relatively sparse at the time I 

commenced my doctorate. However, over the last five years this has expanded greatly, 

from only a handful to several hundred or more papers, particularly in terms of post-hoc 

analysis of previously published trials of ICS, and studies using routinely-collected data. In 

this thesis I have tried to make clear the logical progression of my work over time, in the 

context of work being done by others. I have therefore generally presented the background 

literature in the introduction and methods chapters as it was at the time of planning the 

studies and developing the protocols, as this formed the basis for undertaking the studies. 

However, I have considered the most recent work up to the present, and have incorporated 

these more recently published studies and guidelines, in the discussion elements of the 



results chapters and the overall conclusions chapter, in order to give a complete picture of 

where my work fits into the present state of scientific knowledge. 

Although my studies have largely taken place as set out in my NIHR and doctoral study 

application, there have been a couple of changes which are important to mention. First, I 

designed and published9 a detailed protocol for a systematic review, and undertook the 

literature search for this. However, I became aware that a very similar systematic review 

was being undertaken by a primary care group at Kings College London (to be published 

shortly), and at the same time it became clear that the methodology and analysis required 

for the CPRD study would be far more complex and greater than anticipated, and I decided 

(in conjunction with my supervisors) that focusing on this would be more useful in terms 

of my personal training and development than undertaking a systematic review which 

would be duplicative of others’ work. Second, due to the vastness of the analysis on blood 

eosinophils (from both the CPRD and COMET studies), as well as the expanding field, I 

decided to narrow the focus of this thesis, to be concerned specifically with blood 

eosinophils (and I changed the thesis title to reflect this). Therefore although I mention 

other inflammatory biomarkers (FeNO, periostin, C-reactive protein (CRP)) in passing 

where relevant, they are not discussed in detail here. I plan to publish results in relation to 

these other biomarkers in due course (and results for periostin are not yet available at the 

time of writing). 

I undertook my doctoral research on a part-time basis, and alongside it I have continued in 

other roles and led or contributed to other research projects (both respiratory and non-

respiratory-related) in my department and elsewhere. A list of publications obtained 

during my doctorate (fifteen in total) is listed in Appendix A. Other related studies (not yet 



submitted for publication) include CPRD studies on statins in COPD (as part of a successfully 

awarded NIHR grant on which I am co-applicant), and ICS withdrawal in COPD using the 

CPRD. 

The other roles I have undertaken during my doctorate have included: working as a locum 

GP around Oxfordshire and then subsequently as a salaried GP at 19 Beaumont Street 

surgery, Oxford, where I am Respiratory Lead and responsible for Clinical Research within 

the practice; Research Lead for the Primary Care Respiratory Society, where I am the lead 

for research activities within the organisation, Chair of the Research Committee, and 

member of Executive and Conference committees, and also sit as the primary care 

representative on the UK Respiratory Research Council and Member of the National 

Asthma and COPD Audit Programme Research Committee; Janet Vaughan Tutor in Clinical 

Medicine at Somerville College, where I am Organising Tutor for Clinical Medicine and lead 

admissions and give tutorials (including in respiratory basic science); and Integrated 

Respiratory Team GP in Oxford, contributing to the assessment and management of 

patients with COPD in the community. I have also been a member of the Board of 

Examiners for Part II Graduate Entry Medicine, sit on several Trial Steering Committees, 

participate in regular peer review, was Chair of the Society for Academic Primary Care 

South West region conference 2017, and in 2015 was awarded an Ig Nobel Prize in 

Diagnostic Medicine for previous work on speed bumps in appendicitis, and regularly give 

public engagement in science talks on this topic. All of these roles have, in one form or 

other, positively contributed to and enhanced my understanding and undertaking of this 

doctoral project, as well as contributing to my personal development as a clinical academic. 



During the period of my doctorate I have also had my first child (followed by 12 months’ 

maternity leave), and am shortly expecting my second child, in fact I am submitting this 

thesis on the eve of my due date. Thanks to this biological deadline and the time needed 

to get my head back into analysis after a period of chronic sleep deprivation, I have focused 

in the last eight months on completing analysis and writing this thesis, and therefore I have 

not yet published any of the work directly related to my doctoral studies. I have however 

presented it widely at regional, national and international meetings, as detailed in 

Appendix A, and used feedback received in refining the analysis and conclusions. 

I do hope you enjoy reading it. 

 

  



Chapter 1: Introduction: potential role of 
eosinophils in the management of COPD 

This chapter summarises the state of the evidence current at the time of planning the thesis 

(both obtaining the funding and planning the methods for the component studies), 

generation of the overall hypothesis for the thesis and related objectives, and a summary 

of how I have organised the thesis to answer these objectives. 

 Data sources and searches 

Relevant published studies were identified through a search strategy incorporating 

keywords and search terms for COPD and blood eosinophils, and their variants (e.g. 

‘chronic bronchitis’, ‘emphysema’, ‘biomarkers’) and including Medline, EMBASEa, Web of 

Science and CENTRALb databases and other trial registries (an example search strategy is 

given as Appendix B, originally planned to be used as part of a systematic review). Searches 

of the Prospective Register of Systematic Reviews (PROSPERO) database did not identify 

any further relevant systematic reviews, although as discussed in the Preface, I was aware 

of one being undertaken at Kings College London. Throughout the duration of my thesis, I 

received weekly Pubmed notifications for papers in which the abstract included ‘COPD’ or 

‘eosinophil’ terms, and published by key authors in the field. I also reviewed the reference 

lists of any relevant articles. 

                                                      
a EMBASE: Excerpta Medica databse 
b CENTRAL: Cochrane Central Register of Controlled Trials 



 Background 

1.2.1 COPD and its management in primary care 

COPD is a chronic respiratory condition affecting 1 million people in the UK, predominantly 

caused by smoking.10 It is characterised by airflow obstruction which is not fully reversible, 

and symptoms include breathlessness, cough and increased sputum. It accounts for more 

than £800 million in direct healthcare costs and causes an estimated 24 million lost working 

days per annum in the UK.10 Exacerbations are acute worsening of symptoms which may 

result in a hospitalisation or death, and contribute to progressive decline in COPD;11 

exacerbations are rated by patients as the most important outcome measure in COPD.12 

COPD diagnosis is by a combination of clinical findings (history and examination), together 

with post-bronchodilator spirometry confirming airflow obstruction (forced expiratory 

volume in 1 second (FEV1)/forced vital capacity (FVC) ratio of <0.7). National Institute for 

Health and Clinical Excellence (NICE) guidance defines severity by degree of airflow 

obstruction using percentage of predicted FEV1 (giving severity categories of mild, 

moderate, severe and very severe),10 but COPD severity can also be classified by degree of 

breathlessness (for example using the MRC  breathlessness (Medical Research Council) or 

CAT (COPD Assessment Test) scores) and frequency of exacerbations, such as in the Global 

Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines.13 Reversibility (change in 

airflow limitation in response to salbutamol) is not recommended as part of routine 

diagnosis, but can be helpful where there is suspicion of asthma.10 

COPD management can be divided into non-pharmacological (e.g. smoking cessation and 

pulmonary rehabilitation) and pharmacological measures (predominantly inhaled 

therapies), with therapies added when patients experience frequent exacerbations or 



persistent breathlessness, and should ideally be co-ordinated by a multi-disciplinary 

team.10 NICE guidelines recommend a short-acting bronchodilator (beta-2 agonist, SABA, 

or muscarinic antagonist, SAMA), followed by long-acting bronchodilator (beta-2 agonist, 

LABA, or muscarinic antagonist, LAMA). Inhaled corticosteroids (ICS) are recommended in 

combination with LAMA or LABA for worsening symptoms or moderate or severe COPD 

(FEV1 <50% predicted).10 All three agents (LABA, LAMA and ICS) can now be prescribed as 

monotherapy or as combination inhalers; a useful summary of currently available inhaled 

drugs for airways disease can be found at https://www.pcrs-uk.org/resource/table-

inhaled-drugs). 

In reality, the majority of long-term COPD management takes place entirely in primary care 

(in many practices by a single practice nurse with varying amounts of specific training) and 

there is low understanding and adherence to guidelines.14,15 Furthermore, guidelines are 

in general based on large pharmaceutically-sponsored studies which have been conducted 

in a secondary care and/or trial setting which are poorly reflective of the primary care COPD 

population; less than a fifth of ‘real-life’ COPD patients are eligible for COPD clinical study 

inclusion criteria, and in general are older, with better lung function, quality of life and 

fewer exacerbations.16,17  

1.2.2 Evidence for ICS use, potential harms and current prescribing practice 

Trials of long-term use of ICS for COPD have demonstrated some reduction in 

exacerbations (particularly in frequent exacerbators with more severe COPD), and some 

symptomatic benefit, but their effects on rate of lung function decline and mortality are 

unclear.18-22 However, their use can be associated with adverse effects, particularly 

pneumonia,23-25 but also tuberculosis,26 diabetes,27 cataracts,28 and osteoporotic 



fractures,29 contributing to the guideline recommendation that the risk-benefit ratio 

favours ICS use in those with moderate-severe, but not mild COPD.30 They are also 

expensive to the NHS: the total cost of LABA/ICS combination therapy is more than any 

other drug and in 2010 almost £500 million was spent on them.31 

Adherence to guidelines in primary care is particularly poor in this respect, and ICS are 

widely used in the management of COPD. LABA/ICS is the most commonly prescribed 

maintenance therapy at the point of COPD diagnosis,32 and patients tend to drift towards 

triple therapy (LABA, LAMA and ICS) in the years following COPD diagnosis.33 38% COPD 

patients are over-treated with ICS (did not meet criteria for being prescribed ICS) and this 

resulted in an estimated cost of over £250,000 per year.31 There is therefore a need to 

improve clarity around when ICS should be prescribed in primary care. 

1.2.3 Eosinophils and COPD 

Biomarkers are biological parameters that can be objectively measured and evaluated, and 

in COPD can potentially be used to define populations (or phenotypes) that will derive most 

benefit from a drug, and predict disease course or clinical outcomes.34 The peripheral blood 

eosinophil count is a potential biomarker in COPD which could be used in primary care 

because it is easily available (unlikely sputum eosinophils) and already provided 

automatically when a ‘full blood count’ is requested, which is done commonly in routine 

practice. In fact, NICE recommends that patients with COPD have a full blood count at the 

time of diagnosis to identify anaemia or polycythaemia.10 



Eosinophil biology in health and disease 

Eosinophils are part of the innate immune system and are produced in the bone marrow, 

then migrate to and reside in the thymus or gastrointestinal tract until they are recruited 

to tissues in response to inflammatory stimuli. This is particularly under the direction of 

interleukin-5 (IL-5), a cytokine which is predominately produced by T-helper-2 cells. 

Mature eosinophils make up less than 5% of total peripheral blood leucocytes and have a 

mean blood transit time of 26 hours.35-37 In response to external stimuli, eosinophils 

release cytotoxic granule proteins, type 2 cytokines, enzymes and growth factors.35 The 

immunological eosinophil response is complex including their role in promoting host 

defence against helminthic, bacterial and viral infection.36  

Despite the role of the eosinophil in immune defence, promotion of disease pathology 

(such as allergic disease) can be caused by dysregulated eosinophil recruitment and/or 

activity. This is particularly well understood for asthma, and to a lesser extent in COPD, but 

is also important in the pathophysiology of eosinophilic oesophagitis, eosinophilic 

myopathies, and hypereosinophilic syndromes.36 

In asthma, activation of eosinophils contributes directly to mucous production, 

bronchoconstriction, and airway dysfunction and remodelling. Elevated eosinophils have 

been found in blood sputum and tissue of patients with asthma, and correlate with asthma 

severity,38 which can be reduced by corticosteroid treatment which reduces airway 

eosinophils. Efficacy of monoclonal antibody treatment towards IL-5 in patients with 

eosinophilic asthma provides evidence that eosinophils are a key effector cell in asthma 

pathogenesis, and not merely a bystander.35 



Less is known about the role of eosinophils in the pathophysiology of COPD, however there 

is increasing evidence that it also has an important role in COPD.39 There is clear overlap 

with asthma in that eosinophils have been detected in sputum, bronchoalveolar lavage and 

bronchial biopsy samples of patients with COPD, and there is a similar pattern of type-2 

mediators in the airways.35 Additionally, as with asthma, patients fall into eosinophilic and 

non-eosinophilic groups. Biological modelling has found that there is a subset of COPD 

patients (28%) who have increased airway eosinophil count in stable state and at 

exacerbation (Bafadhel et al, Figure 1.1),1 and this fits with the potential role of the 

eosinophil in host defence against bacteria and viruses, which are well established triggers 

for exacerbation.11 Patients with COPD also vary in terms of their general inflammatory 

biomarker phenotype, both in type and quantity of inflammation. Furthermore the 

differential expression of airway and systemic biomarkers of inflammation, including 

airway and blood granulocytes including eosinophils and neutrophils, and serum CRP, are 

associated with poorer outcomes in COPD, including more exacerbations,40 faster decline 

in lung function,41 hospitalisations,42 and mortality.42,43 Higher sputum eosinophils are also 

associated with poor outcomes in patients with COPD, including faster decline in lung 

function.41 



Figure 1.1: Proportional representation of COPD exacerbation clusters 

 
 

 
 
Eosinophil-predominant cluster is outlined in dark blue (top left). Figure reproduced from reference.1 

 

Blood eosinophil distribution and repeatability in COPD 

Bafadhel31 was the first to describe the relevance of the peripheral blood eosinophil count 

in COPD exacerbations, determining, as per Figure 1.1,1 that the peripheral (blood) 

eosinophil count correlates with airway eosinophil count, and determined this to be the 

best predictor of an eosinophilic exacerbation.a Subsequent to this work, investigators 

have sought to understand further the utility of the eosinophil in COPD. Median blood 

eosinophil level in patients with COPD is around 0.20 x10*9/L.b. Observational studies also 

show that that there seems to be little variation between clinical characteristics in patients 

with COPD above or below this level, nor their association with co-morbidities including 

                                                      
a More recently conducted studies, discussed in Section 5.4.3, have found conflicting findings about the 
relationship and correlation between sputum and blood eosinophils. 
b Throughout the thesis I have given blood eosinophil counts in x10*9/L units, to two decimal places, as this 
is how they are most commonly provided in UK primary care. 100 cells/µL equates to 0.10 x10*9/L. 



asthma and helminth infection.44,45 Blood eosinophil counts appear to be higher in those 

with atopy (0.19 vs.0.15 x10*9/L).46 However, these studies have been conducted in highly 

selective secondary care populations and are relatively small, thus variation of eosinophil 

counts due to co-morbidity may be particularly relevant given that the COPD population is 

elderly and often with multiple co-morbidities. 

A biomarker will only be useful if it remains relatively stable within an individual, when 

other variables remain constant. Secondary analysis of data from the Bafadhel study1 

showed good within-patient stability of blood eosinophils at 3-month intervals over one 

year (intra-class correlation co-efficient 0.79), with 35% of patients having counts that 

varied above or below a threshold of 0.40 x10*9/L.35 In another study over a 3-year period, 

49% patients had an eosinophil count which varied above and below a cut-off of blood 

eosinophils ≥2% total leucocyte count, with 37% persistently above and 14% persistently 

below this threshold.47 

It should be noted that these proposed thresholds are all within what has been traditionally 

denoted as ‘normal range’ for blood eosinophils (reference range for Oxford University 

Hospitals NHS Trust is 0.0-0.5 x10*9/L), validated on healthy individuals, but which notably 

would include volunteers with atopy, as the general population incidence of atopy is 

approximately 40%.48 

Early population-based cohort studies have shown that higher blood eosinophils are 

associated with poor outcomes in patients with COPD, including mortality,49,50 but there is 

minimal data on the association of blood eosinophils with disease prognosis. 

 



Eosinophils as a biomarker of corticosteroid responsiveness 

Early studies showed that in patients with higher sputum eosinophil counts, treatment in 

stable state with both oral and inhaled steroids improved FEV1, dyspnoea and quality of 

life,3-6 and management by sputum eosinophil count resulted in a reduction in severe 

exacerbations.7 Patients who responded to oral steroids in terms of improvements in FEV1 

had a raised blood eosinophil count at baseline; but this was not commented on by the 

authors at the time.8 In the first of its kind, a randomised placebo-controlled biomarker 

interventional study of blood eosinophil-directed treatment of exacerbations of COPD 

found a higher rate of treatment failure when COPD patients with lower blood eosinophils 

were treated with oral steroids.2 

Following the increasing interest in blood eosinophils as a biomarker in COPD, many 

retrospective post-hoc analyses of randomised controlled trials of ICS, incorporating 

stratification by blood eosinophil count at baseline, were commenced in 2014 which have 

since been published.51-60 Various cut-offs for eosinophil count have been used in these 

analyses (including 0.15, 0.30 x10*9/L, and 2% total leucocyte count, as well as continuous 

analysis). Although statistical significance varies between different analyses, different 

study populations, and different inhaled corticosteroids, the findings are similar; namely 

that there is a greater response to ICS-containing preparations in patients with a higher 

baseline eosinophil count, and there is a dose-response relationship of both rate of 

exacerbations and ICS-responsiveness according to degree of eosinophilic inflammation in 

the blood (see Figure 1.2).  



Figure 1.2: Adjusted COPD exacerbation rate (events/patient/year) with LABA/ICS 
(BDP/FF, black) and LABA alone (FF, grey) stratified by baseline blood eosinophil quartile 

 

BDP, beclomethasone dipropionate. FF, formoterol fumarate. Figure reproduced from reference.60 

 

Other markers of eosinophilic inflammationa 

Fraction of exhaled nitric oxide (FeNO) is a breath test which correlates with eosinophilic 

airway inflammation, and is becoming of increasing importance in management of asthma, 

particularly in targeting and adjusting ICS treatment.61-63 It has not been so widely studied 

in the COPD population, however some studies have shown that it can be used to predict 

response to both oral and inhaled steroids.64-66  

Periostin is an extracellular matrix protein which has been shown to be a potential blood 

biomarker for eosinophilic airway inflammation in asthma67 and some correlation with 

blood eosinophil count and FeNO.68 In patients with COPD, it remains stable over time 

                                                      
a I mention these only briefly as the focus of my thesis has narrowed to blood eosinophils only. 



irrespective of disease severity and ICS use, and is correlated with blood eosinophil count, 

particularly in ex-smokers.69 

1.2.4 Point-of-care testing 

Point-of-care, or near-patient, testing, refers to any test taken at the time of consultation 

which produces results which can be used to make immediate decisions about patient 

treatment, and is associated with increased patient and GP satisfaction.70,71 It is 

increasingly used in primary care, particularly in Scandinavia, where, for example, CRP-

guided treatment for acute respiratory infections is common.72 There is now a 

commercially available device for measuring blood eosinophils in a near-patient setting 

(the HemoCue® WBC DIFF), which uses blood from a finger prick sample placed on a 

microcuvette with analysis by a photo microscope to detect stained white blood cells. 

These are identified and counted using mathematical algorithms and image recognition 

technology, providing a white cell count differential in several minutes (information from 

manufacturer).  

 Unanswered uncertainties 

Although there appears to be utility of the peripheral blood eosinophil count in COPD and 

in particular in the potential response to inhaled corticosteroids, it is worth noting that the 

majority of the studies discussed have been conducted in a secondary care and/or trial 

setting. This is a limitation to generalisability as we know these types of studies are poorly 

representative of the primary care COPD population.16,17 Furthermore, many patients 

referred to secondary care will already have been using ICS, which reduces airway 

eosinophilic inflammation,3,4 so findings from these studies may not be applicable to those 

patients in primary care who will be ICS-naïve at the point when step-up treatment might 



be being considered. Finally, a variety of eosinophil cut-offs have been proposed, whilst 

the proportion of patients with an elevated eosinophil count varies widely, again making 

interpretation or extrapolation of the current literature in patients in primary care difficult.  

Stability (or repeatability) of eosinophil count is also important for utility in clinical practice, 

and whether primary care clinicians can look at just one value in decision-making (vs. 

needing to establish a mean over time from more than one blood test, which is more 

laborious). Additionally, while binary thresholds are easier to use practically in every day 

clinical practice, they are less useful for assessing overall associations, when continuous 

measures are more useful, particularly for a biomarker which appears to fluctuate around 

the threshold value47 (e.g. a relatively stable eosinophil count of 0.14 and 0.16 x10*9/L on 

two occasions would be variably categorised as ‘low’ and ‘high’ using a 0.15 x10*9/L 

threshold). However, there is little information on repeatability of blood eosinophils in a 

primary care population. Finally, there has been no attempt to characterise the blood 

eosinophils in the primary care ICS-naïve population in relation to their distribution, 

stability, nor association with disease outcomes (prognosis) or response to ICS treatment. 

These unanswered uncertainties appropriately raise concern about the application of the 

blood eosinophils to a primary care environment where the majority of patients with COPD 

are seen, and when results are not immediately available.73 This clinical gap could 

potentially be filled by point-of-care testing of eosinophils. However, there are no 

published studies assessing the accuracy of the HemoCue® WBC DIFF in the primary care 

COPD population; no evaluation in patients with steroid-naïve COPD; nor patients’ views 

of this test. My DPhil thesis will aim to address this evidence gap and is described as below.  



 Overall hypothesis and clinical context 

The hypothesis of this doctoral thesis is that an eosinophilic phenotype of COPD exists 

within the ICS-naïve primary care COPD population, and that this represents a group of 

patients who are likely to do better on ICS treatment (i.e. will remain more stable for longer 

compared to patients without an eosinophilic phenotype). That is, that ICS may only be 

effective in a subset of patients with COPD, which might explain their only modest 

effectiveness across the whole COPD population. This ICS-responsive phenotype could be 

identified using blood eosinophils, including near-patient testing at the point of care. In 

practice, this would involve a test at the point at which ICS treatment were being 

considered to determine whether the patient is likely to be a responder or not. 

Using individual characteristics to tailor treatment more effectively to patients with COPD, 

including using near-patient testing, could lead to targeted ICS treatment of those who 

would most benefit, and focused alternative treatment strategies in those unlikely to 

benefit, while avoiding unnecessary prescriptions which may cause harm. This has the 

potential to provide a more personalised approach to maximising individual benefit to 

treatment rather than the current ‘one-size-fits-all’ approach, which would reduce disease 

and treatment burden for patients, and reduce health care costs. 

If evidence were generated in support of the main hypothesis, along with additional 

information on eosinophil distribution, repeatability and near-patient testing in primary 

care, it is envisaged that this work could potentially inform the development of an 

eosinophil-guided ICS treatment strategy, which could then be evaluated in a subsequent 

clinical trial. 



 Thesis objectives, overview of projects and outline structure 

Key thesis objectives are summarised in Box 1.1. 

Box 1.1: Key thesis objectives 

 
 To describe existing practice of blood eosinophil testing in ICS-naïve primary care patients 

with COPD in the period before starting a new inhaled maintenance treatment 
 

 To assess blood eosinophil distribution in the primary care COPD population 
 

 To assess the association between higher blood eosinophil counts and clinical characteristics 
 

 To assess within-person variation and stability over time of blood eosinophil counts, to 
decide whether the most recent value can be used in decision-making 

 
 To investigate whether baseline blood eosinophil count predicts disease outcomes over 

time, in the population starting a new inhaled maintenance treatment 
 

 To test whether baseline blood eosinophil count predicts inhaled steroid responsiveness and 
whether there is a dose-response (by eosinophil count and ICS dose) for this effect 

 
 To investigate use of near-patient eosinophils compared to laboratory eosinophils, and 

feasibility and acceptability of undertaking such measurements in a primary care setting 
 

Important subsidiary questions within these objectives include whether there is an 

association of patients who have a history of asthma or atopy (which are more likely to 

produce an eosinophilic phenotype74,75), higher exacerbation frequency, and assessing 

different eosinophil thresholds for the above questions. I have elected to use a primary 

binary threshold using absolute (rather than percentage) eosinophils of 0.15 x10*9/L as 

this was being used increasingly in other published studies at the time51 and following 

advice of experts. As emerging evidence became more available, I have performed more 

detailed sensitivity and subgroup analysis with different eosinophil counts and this is 

discussed within individual chapters. 



My work has focused on the Clinical Practice Research Database (CPRD) which is a primary 

care database of routinely-collected data, which can provide an efficient way of answering 

many of the above objectives using epidemiological methods, particularly as one can look 

retrospectively at blood eosinophil counts at the time before a patient started an ICS 

therapy, using a large existing dataset. However, there are limitations associated with large 

database research, particularly confounding reasons why patients may have had their full 

blood count measured which might introduce bias. Furthermore, near-patient testing for 

blood eosinophils is not currently available in routine clinical practice, so there would be 

no information on this in the CPRD. Therefore, a prospectively observational study is also 

need to characterise blood eosinophils, including near-patient testing, and their 

repeatability, in a more controlled study setting. 

Studies conducted as part of my thesis therefore include: 

1) CPRD study 

Database cohort study using retrospective analysis of routinely-collected primary 

care data of ICS-naïve COPD patients – including three sub-studies with a 

progressively narrowing study cohort, for addressing the different overall 

objectives as above 

2) COMETa study 

Prospective observational cohort study of ICS-naïve patients in primary care with 

clinically stable COPD with monitoring of blood and airway biomarkers at multiple 

                                                      
a COMET: Near-patient testing to guide COPD MaintenancE Treatment in primary care: observational study 
to determine variability and accuracy of inflammatory biomarkers in stable state 



time-points, including method comparison of near-patient blood eosinophil testing 

and its acceptability to patients 

Because of the overlapping methods and objectives addressed in different ways by the two 

studies, I have chosen to organise my thesis by its objectives rather than component 

studies, which provides a more logical progression through the objectives in question. The 

thesis structure is summarised in Figure 1.3. Chapters 2 and 3 provide general information 

on methods for developing the two cohorts (CPRD and COMET respectively), with baseline 

characteristics and some discussion of the cohorts in comparison to each other, and in 

relation to existing studies. Chapters 4 to 7 cover detailed statistical methods, results and 

discussion relating to the thesis objectives as described above, with CPRD and COMET 

findings presented in parallel where objectives are overlapping (Chapter 4), to enable 

easier comparison. Chapter 8 brings together all the findings in overall conclusions, 

reflections and future directions (including implications for practice and research, which 

are discussed at the end rather than in individual chapters). 



  

Chapter 5: Association with outcomes 
• Use of baseline blood eosinophil 

count to predict disease 
outcomes over time (prognosis) 

Chapter 1: Introduction 

Chapter 3: Developing a prospective 
primary care COPD cohort 

Chapter 2: Developing a cohort in the CPRD 
• Existing practice of blood eosinophil 

testing 

Chapter 7: Near-patient eosinophils: 
method comparison and acceptability 

• Method comparison of near-
patient eosinophils with 
laboratory eosinophils 

• Feasibility and acceptability of 
near-patient testing 

Chapter 4: Variation and repeatability 
• Distribution 
• Association between higher 

blood eosinophil count and 
clinical characteristics 

• Within-person variability and 
stability over time 

Chapter 6: Use of blood eosinophils to 
predict inhaled steroid responsiveness 

• Use of baseline blood eosinophil 
count to predict steroid 
responsiveness 

Chapter 8: Conclusions 

CPRD cohort 

I: Those with 
eosinophils tested 

COMET cohort 

II: Those continuing on 
new inhaled 
maintenance 

medication for at last 
6 months 

I: Laboratory 
eosinophil 

measurements 

II: Point-of-care 
eosinophil 

measurements 

III: Participant survey 

Figure 1.1: Summary of thesis structure (bullet points denote objectives, as detailed in Box 1.1) 



Chapter 2: Developing a cohort in the Clinical 
Practice Research Datalink: baseline 
characteristics and overall outcomes 

This chapter sets out the methods and data management for the Clinical Practice Research 

Datalink (CPRD) study, as well as presenting baseline characteristics and outcomes for the 

whole CPRD cohort before further division to answer specific thesis objectives in later 

chapters. Statistical analysis methods and results for specific study objectives are 

presented separately later, and integrated with results from the COMET study where 

relevant, as part of Chapter 4 (CPRD Part Ia), Chapter 5 (CPRD Part Ib) and Chapter 6 (CPRD 

Part II). 

 Introduction 

2.1.1 Clinical Practice Research Datalink data 

The CPRD is a primary care database of anonymised medical records from GPs, with 14.5 

million patients included (CPRD August 2016 release). In the UK, 98% of the population are 

registered with a National Health Service (NHS) general practitioner (GP); information is 

recorded routinely on computers using a coding system (Read codes, which correspond to 

medical codes within the CPRD) combined with free text, and using a unique NHS number, 

which remains with the patient if they move GPs.76 The CPRD is therefore a rich source of 

routinely collected health data for research, including data on demographics, symptoms, 

tests, diagnoses and therapies prescribed, and has been well-validated.77 Patients in the 

CPRD are broadly representative of the UK general population in terms of age, sex and 

ethnicity.76 Approximately half of the data is individually linked with other national 

datasets, enabling integration with secondary care via Hospital Episode Statistics (HES), 



socio-economic markers of deprivation, and Office for National Statistics data on causes of 

death. 

2.1.2 Aims and objectives 

The CPRD provides an efficient way of answering the question of whether primary care 

clinicians can use the most recent blood eosinophil count in the medical record at the point 

of initiating a new inhaled maintenance medication, to guide the most appropriate choice 

of treatment (whether an ICS therapy would beneficial), because the data available to a GP 

making this decision in practice is the same as what can be accessed via the CPRD. 

Aim I (descriptive component) 

Ia: To describe existing practice of blood eosinophil testing in ICS-naïve primary care 

patients with COPD in the period before starting a new inhaled maintenance treatment 

Specific objectives: 

 To assess the number of routinely-collected blood eosinophil tests and to compare 

baseline characteristics of those who have an eosinophil count in their clinical 

record with those who have not, to assess validity of CPRD study findings 

 To assess blood eosinophil distribution in the primary care COPD population 

 To assess the association between higher blood eosinophil counts and clinical 

characteristics 

 To assess within-person variation and stability over time of blood eosinophil counts, 

to decide whether the most recent value can be used in decision-making 

Ib: To investigate whether baseline blood eosinophil count predicts disease outcomes over 

time, in the population starting a new inhaled maintenance treatment 

Specific objectives: 



 To assess disease outcomes in the time period following starting the new inhaled 

maintenance treatment 

 To assess the contribution of baseline blood eosinophil counts to disease outcomes 

Aim II (hypothesis-testing component) 

II: To test whether baseline blood eosinophil count predicts inhaled steroid responsiveness 

Specific objectives: 

 To compare disease outcomes over time between patients starting treatment with 

ICS and those starting treatment with a non-ICS inhaled maintenance treatment 

 To stratify the above by baseline blood eosinophil count to assess whether this 

modifies effectiveness of treatment (whether disease outcomes differ between 

treatment exposure in different blood eosinophil groups) 

 To investigate whether there is dose-response for this effect, by different cut-offs 

of eosinophil count and different doses of ICS treatment 

 Methods 

2.2.1 Study design 

As the principal thesis question is to answer Aim II, the cohort was planned to address this 

question primarily, and aim I objectives relate to this population. A detailed search and 

review of existing published studies over the last two decades which had used the CPRD or 

other health care routine clinical databases to investigate outcomes under ICS treatment 

was conducted in order to establish the most appropriate study design to minimise bias.78-

83 Of particular relevance was how other researchers had defined their population and 

outcomes, addressed issues such as diagnostic and exposure misclassification, and 

designed methods to reduce confounding by indication and immortal time bias in 

comparing outcomes under treatments in an observational non-randomised study. Various 



strategies for addressing these problems have been discussed at length in pharmaco-

epidemiological literature;84,85 for this study I chose a new-user active comparator design, 

comparing outcomes of those commencing inhaled maintenance medication containing an 

ICS (ICS group) with those not containing an ICS (non-ICS group), looking for effect 

modification by baseline blood eosinophil count. Through this design, the drug of interest 

is compared with another drug used for the same indication rather than with a no 

treatment group, which ensures that the groups have similar treatment indications and 

attempts to reduce differences in patient characteristics (both measured and 

unmeasured), and includes the cohort of patients from the time of treatment initiation, 

rather than prevalent users.86 Due to the potential association of higher eosinophils with 

poorer prognosis,49 high and low eosinophil groups initiating an ICS could not be compared 

directly, so it was planned to incorporate this into the model looking for an interaction 

effect of eosinophils with treatment group, as well as to stratify by eosinophil groups. The 

study cohort is summarised in Figure 2.1 and the approved study protocol is included as 

Appendix C. Potential weaknesses in this study design will be discussed in the Discussion 

section of the chapter relating to Aim II (hypothesis-testing component, Chapter 6).  



Figure 2.1: Summary of study cohort 

 

2.2.2 Code list development 

I developed code lists to determine diagnoses, therapies, tests and outcomes, for which 

specific details are given in the relevant sections below; code lists are included as Appendix 

D. I developed a search strategy and used the CPRD Code Browsera to identify relevant 

codes (see Table 2.1 for example), and combined these with existing code lists published 

for other studies,87-89 code lists previously used for CPRD studies in my department 

(smoking status), and  Quality and Outcomes Framework (QOF) Read code lists where 

applicable (available from 

https://clinicalcodes.rss.mhs.man.ac.uk/medcodes/article/1/codelist/copd/). For test 

values (e.g. eosinophil counts, spirometry, etc.), numerical values attached to “entity 

types” were used (listed as part of Appendix D). Development of drug codes lists used 

                                                      
a The CPRD Code Browser refers to two browser dictionaries, which are graphical user interfaces to databases 
of medical codes and product codes. Medical codes are mapped to Read codes entered by primary care 
clinicians as diagnoses or the reasons for consultations. The databases are compiled by the Health and Social 
Care Information Centre, and updated every six months. 



search terms for drug substance names and product names (both generic and proprietary), 

as well as by British National Formulary drug group e.g. “Selective Beta 2 

Agonists/Corticosteroids (for Respiratory Conditions)”. Included codes were then 

independently selected from potential lists by me and another GP (David McCartney), and 

any disagreements discussed and adjudicated by a third clinician (Mona Bafadhel, 

respiratory consultant). Hospital Episode Statistics (HES) used ICD-10 (International 

Classification of Diseases) codes; “Basic” rather than “Integrated” HES were used as this 

provided details on whether the ICD-10 code was the primary cause of the hospitalisation, 

or an unrelated co-morbidity, based on my clinical experience of hospital discharge 

summaries. 

Table 2.1: Example of potential code list development using CPRD Code Browser searches 

Search term Numbers identified 
*copd* 24 
*chronic*obstr* 58 
*obstr*pulm* 47 
*emphys* 31 
*obstr*air* 11 
*coad* 6 
*smok*asth* 1 
*chronic*bronch* 19 
*obstr*bronch* 2 
*chronic*pulm* 58 
*cobd* 0 
*obstr*resp* 20 
*chronic*resp* 14 
*aecb* 0 
*obstr*lung* 3 
*chronic*lung* 1 
Total identified through search 295 
Total after removal of duplicates 190 

2.2.3 Included population 

Included patients were those ≥40 years of age with a COPD diagnosis code, a history of 

smoking, and spirometry diagnostic of COPD (FEV1/FVC ratio <0.7) at any point, who were 



starting a new inhaled maintenance medication for COPD in the period 1st January 2005-

31st August 2015 (defined as the index date). A new inhaled maintenance medication was 

defined as a prescription for LABA, LAMA, ICS or combination, where a prescription for that 

drug category had not been issued in the previous 12 months. The criteria for diagnosing 

COPD were based on a validation study using the CPRD which had tested various 

algorithms;87 although this study concluded that the presence of a Read code alone was 

sufficient to identify COPD, I selected the algorithm which had the highest specificity, even 

though this would reduce sample size. This validation study only included ever-smokers 

and I followed the same approach. The range of index dates were chosen to be after the 

introduction of QOF targets in UK primary care which improved electronic coding of COPD 

and spirometry,90 but before blood eosinophils were promoted as a potential biomarker in 

COPD, which might have influenced prescribing choices. 

Excluded patients were those with a diagnosis of bronchiectasis, alpha-1 anti-trypsin 

deficiency, interstitial lung disease and cystic fibrosis. As I wanted to focus on the steroid-

naïve COPD population, patients were excluded if they had an ICS prescription, or 3 or more 

oral steroid prescriptions, in the previous 12 months. Those commencing triple therapy 

were also excluded to enable a better comparison between ICS and non-ICS therapies, and 

because this would be unlikely to reflect a prescriber’s initial choice of inhaled maintenance 

treatment. However, I did not exclude prescriptions for ICS monotherapy even though that 

is outside of guidelines, because this has been shown to be a common initial treatment for 

COPD in other database studies33 and I wanted to study what occurs in real-life practice. I 

also did not exclude patients with co-existent diagnosis or history of asthma, which applies 

to many real-life COPD patients (approximately one quarter),87 but whom are usually 



excluded from trials,20 because I wanted the findings to be more relevant to real-life 

practice. 

Eligible patients were required to have continuous data for a minimum of 24 months prior 

to and 6 months following the index date, to ensure adequate recording of baseline 

covariates and outcomes. Only patients with linked data were included: linkage was to 

Hospital Episode Statistics (HES) which gives information on hospitalisations and diagnoses, 

Index of Multiple Deprivation (IMD) (socio-economic deprivation score) and Office for 

National Statistics data on causes of death. Censoring occurred due to end of data 

availability (29th February 2016 if not before), death, or occurrence of the relevant 

outcome (see later). 

2.2.4 Covariates 

Covariates which were assessed and considered for inclusion are listed in Box 2.1. These 

were selected as demographic, disease and general health characteristics which might be 

potential risk factors for severe disease and poor outcomes or which might confound the 

association of eosinophils with prognosis (Aim I), or the selection of maintenance therapy 

(Aim II), and which had been assessed in other studies.89,91,92 



Box 2.1: Covariates assessed for inclusion in models 

Sex 
Agea 
Smoking status (ex-smoker vs. current smoker)a 
Socio-economic status (IMD quintile)a 
Atopy (presence of codes for allergy, eczema or hay fever) b 
Asthma history (none vs. actived vs. historicalb) 
Airflow limitation severity (NICE severity classification)10 a 
MRC breathlessness scalea 
Baseline exacerbation frequencyc 
Baseline pneumonia episode frequencyc 
Baseline exposure to oral steroids (number of courses)c 
Baseline reliever inhaler frequency (short-acting bronchodilator prescriptions)c 
Theophylline usedd 
Oxygen useb 
Nebulised therapiesd 
Non-elective hospitalisationsc 
GP attendancesc 
Charlson comorbidity index (comorbidities recorded in addition to COPD)93 a 
Influenza vaccinationc 
Pneumococcal vaccinatione 
Blood eosinophil counta (see Section 2.2.5 below for further discussion) 
Season of blood eosinophil count (see Section 2.3.3 below for further discussion) 
 
Aim II only: 
Calendar year of index prescription 
 
a at or most recently coded prior to index date 
b at any time prior to index date 
c in year prior to index date 
d in two years prior to index date 
e in five years prior to index date 

2.2.5 Blood eosinophil count 

Blood eosinophil count is provided automatically as part of a request for a full blood count, 

which is requested frequently in primary care. Assessment of a full blood count is NICE 

recommended as part of the work-up of COPD diagnosis, to look for anaemia or 

polycythaemia.10 For my primary analysis, I used the most recently recorded blood 

eosinophil count in the two years prior to the index date; this decision was based on 

simplicity of use for primary care clinicians to be able to access and look at the most recent 

result. Eosinophil values within two weeks of an exacerbation, pneumonia episode or 

elevated C-reactive protein (CRP) (>100mg/L) were excluded (for the primary analysis) as 



eosinophil values change at the time of acute event and might therefore not reflect 

baseline state.2 A primary cut-off of ≥0.15 x10*9/L was used to categorise patients into 

high and low eosinophil groups. This cut-point was chosen in response to advice from an 

external expert (Prof Ian Pavord) in response to unpublished work at the time of study set 

up.94 Supplementary secondary cut-offs of ≥0.34 x10*9/L and the eosinophils as a 

continuous variable were used following the emergence of additional literature.74,95 

Blood eosinophil readings were transformed from other units or percentage values to 

x10*9/L, as done in other database studies looking at eosinophils.38 Values of zero or ≥1.5 

x10*9/L, or where the total white cell count was outside of the range 3-15 x10*9/L, were 

excluded, as they were felt more likely to be a data error (missing values may be entered 

as zero), or a haematopoietic problem and not truly representative of baseline state, 

following discussion with haematology colleagues. In case of variation of values throughout 

the year with possible higher values in hay fever season, an analysis of season of eosinophil 

test was conducted as part of data management, with a plan to include this in the model if 

relevant. Results are generally presented rounded to the nearest 0.01x10*9/L as this is the 

most detail given by most analysers (i.e. to  two decimal places). 

2.2.6 Outcomes 

The primary outcome was time-to-first COPD exacerbation following the index date, which 

was selected as an outcome of most relevance to patients.12 COPD exacerbations were 

defined as any of the following: code for exacerbation of COPD; code for lower respiratory 

tract infection (LRTI); prescription of exacerbation-specific antibiotic e.g. 

amoxicillin/macrolide/doxycycline and oral steroid for 5-14 days; symptom of exacerbation 

(cough, breathlessness or sputum) plus prescription of exacerbation-specific antibiotic or 



oral steroid; hospital admission with COPD or an acute respiratory code as the primary 

cause of the hospitalisation, or a COPD exacerbation code as any diagnosis within the 

hospitalisation episode. Any exacerbation within two weeks of a previous exacerbation was 

counted as the same episode. Exacerbation events defined by prescriptions alone and 

occurring on the same date as spirometry, or a code implying rescue pack administration 

(see Appendix D), were excluded as this suggested a visit for annual COPD review with 

provision of a rescue pack, rather than an exacerbation. This was partly based on a 

published validation study.88 

Secondary outcomes analysed were pneumonia episodes, and hospitalisations and death 

due to COPD, pneumonia or any cause (all time-to-event following index date). A 

pneumonia episode was defined as a CPRD code for pneumonia, hospital admission with 

an ICD-10 pneumonia code, or a death certificate with pneumonia listed as a cause. A 

pneumonia episode or hospitalisation occurring within two weeks of a previous event was 

counted as the same episode. 

2.2.7 Exposure and comparator (Aim II only) 

Patients were categorised into ICS (exposure) or non-ICS (comparator) groups according to 

the type of new inhaled drug (ICS group: ICS, ICS/LABA, or ICS/LAMA; Non-ICS group: LABA, 

LAMA, or LAMA/LABA). 

For the primary analysis, prescriptions had to be continued for a minimum of 6 months 

after the index date: other database studies have shown that approximately one quarter 

of patients are not prescribed the therapy again in the subsequent 6 months,32 and I 

wanted to study actual treatment effects rather than intention-to-treat. Continuous use 



was defined as duration of treatment (usually 30 days) plus an additional 90 days’ grace 

period between scripts and scripts totalling at least 90 days’ supply, similar to methods 

used in a previous new user cohort study of ICS in COPD.89 

Many patients drift towards triple therapy over time33 and so the date of first prescription 

of drug from alternative class (in order to be as similar as possible between the two groups) 

was recorded. Where patients added another drug within the first month after index date 

which would have resulted in a change of group, they were excluded as it could not be 

established whether this was a change or an addition (post-hoc decision, discussed further 

in Chapter 6). Sensitivity analyses explored the effect on results of managing medication 

adherence and change of drug class in different ways (discussed further in Chapter 6). 

To examine a potential dose-response relationship in ICS-containing medications, the 

strength of ICS prescribed on the index date was stratified into low, medium and high daily-

dose of ICS (corresponding to estimated equivalent daily doses of beclomethasone 

dipropionate (BDP) of ≤500µg, >500-1000µg and >1000µg respectively), as in a previous 

CPRD ICS study.89 

2.2.8 Statistical analysis 

For all analysis, I used Stata (Release SE13 64-bit). In general, data are presented as mean 

with standard deviation (SD), median with interquartile range (IQR) or hazard ratios (HR) 

with 95% confidence intervals (CI). Division of variables into categories for non-binary 

variables was based on what seemed clinically sensible, or to achieve approximately equal 

groups (for example, number of GP consultations in year prior to index date I divided into 

0-3, 4-7, and 8 or more to reflect low, medium or high consultation rates; exacerbations in 



previous year; a history of frequent exacerbations was defined as ≥2 in previous year and 

less frequent exacerbations defined as <2 in previous year). Baseline characteristics were 

compared between groups using logistic regression (or linear regression when assessing 

eosinophils as a continuous variable, appropriately transformed as applicable). 

Characteristics were included in regression models as covariates if significant (p<0.10) in 

univariate analysis, or thought to be of potential clinical importance. 

A Cox proportional hazards model was used to assess disease outcomes in the period 

following starting the new inhaled maintenance treatment (index date). I excluded patients 

with events in the first 30 days following index date to reduce protopathic bias (when 

treatment appears to cause the outcome due to lag time from first symptoms and start of 

treatment before diagnosis), as in other studies.89 For the main models, the proportional 

hazards assumption was assessed both graphically and using a formal statistical test; for 

those variables where it was not met (p<0.05), the model was re-run using the time-

dependent variable command for these variables to check that it did not make any 

difference to the outcomes of interest. 

Further details of statistical methods relating to specific study objectives, and sensitivity 

and subgroup analyses, are presented, in conjunction with COMET statistical methods 

where relevant, adjacent to the relevant results sections (Chapters 4, 5 and 6), due to 

significant overlap in methods and to enable easier reading. 

2.2.9 Missing data 

For the assessment of clinical diagnosis and outcomes, I assumed that absence of any 

relevant medical code meant true absence of disease. I expected age, sex and prescriptions 



to be well recorded in the cohort and so planned a complete case analysis. Spirometry was 

poorly coded and so I used standard formulae96 to calculate percentage predicted FEV1 

from data available. Where height was missing, I used the mean height of that sex and 10-

year age category in the cohort. Nonetheless, FEV1 percentage predicted remained missing 

for a quarter of the population and therefore I did not include this in the main analysis, but 

conducted a sensitivity analysis to assess the effect of incorporating it into the model. The 

same was true for MRC breathlessness scale, which was missing for approximately half of 

patients. I did not perform multiple imputation because the assumption that the missing 

data were missing completely at random or missing at random may not be realistic97 

(discussed further in Section 2.4.1 below). 

2.2.10 Sample size 

Study power was estimated for the hypothesis-testing part of the study (Aim II) based on 

counts available via CPRD Gold fob holders. A random sample of 25 practices (577,928 

records of 11,192,535 records, ~5.16% of the linked English practices in CPRD), gave 843 

records fulfilling the criteria. Of these, 466 were getting a new ICS treatment and 377 were 

getting a new non-ICS treatment at the index date, of whom only 600 had an eosinophil 

record within 2 years of index date. Within each treatment group, we would expect 

approximately 25% of patients to have high eosinophil levels, and 75% to have low levels 

(estimate based on previous studies,53,91,94,98,99 but allowing for a lower eosinophil 

threshold and milder disease in our study). Table 2.2 gives estimated numbers expected, 

by eosinophil count, within the CPRD (only those with linked data). 



Table 2.2: Random sample of CPRD to check sample size for feasibility assessment 

Exposure 
group 

Random 
sample of 
5.16% 

Estimated 
numbers with 
an eosinophil 
record 

Scaled up to 
all CPRD 
practices 
(100%) 

Estimated numbers by eosinophil 
count 
High eosinophil 
(25%) 

Low eosinophil 
(75%) 

ICS 466 332 6434 1609 4826 
Non-ICS 377 268 5194 1299 3896 
TOTAL 843 600 11628 2908 8722 
Expected HR (ICS vs. non-ICS) 0.72 0.90 

 

We expected HR for time-to-first exacerbation in the ICS vs. non-ICS groups to be about 

0.90 in the low eosinophil group and about 0.72 in the high eosinophil group (based on 

data from secondary analysis of ICS trials99). In the low eosinophil group, a HR of 0.90 could 

be estimated with a standard error of less than 0.01 with approximately 3800 events 

(power 90%, alpha 0.05). In the high eosinophil group, a HR of about 0.72 could be 

estimated with a standard error of 0.01 with approximately 1100 events (power 90%, alpha 

0.05). Thus, our expected patient numbers (8700 in the low eosinophil group and 2900 

patients in the high eosinophil group) should give more than adequate power. Sensitivity 

analyses changing key parameters (estimated HR/n/SD) were consistent with this. 

2.2.11 Ethical approval 

The protocol was reviewed and approval for access to the data was obtained from the 

Independent Scientific Advisory Committee (ISAC) of the Medicines and Healthcare 

Products Regulatory Agency (protocol number 16_094) (Appendix C). Ethical approval for 

observational research using the CPRD with approval from ISAC has been granted by a 

National Research Ethics Service committee (Trent MultiResearch Ethics Committee, REC 

reference number 05/MRE04/87). 



 Data management 

The initial data cleaning and management was performed by Margaret Smith according to 

pre-defined instructions in the ISAC protocol and data management plan. I then undertook 

cleaning and management of spirometry, outcomes, and laboratory data (leucocytes, 

neutrophils, eosinophils and CRP). Although summarised in turn below, focusing on the 

major and most interesting steps, in practice they occurred in parallel as several aspects 

were inter-dependent. Data management in relation to post-hoc sensitivity analyses to 

account for changes of treatment group during follow-up are discussed in Chapter 6. 

2.3.1 Spirometry data management 

For inclusion in the study, participants required an FEV1/FVC ratio <0.7 at any time point 

(including after index date). However, I needed to look at this further in order to establish 

the date it had taken place (as this was part of the outcome definition for exacerbations; 

see Sections 2.2.6 above and Section 2.3.2 below), and to establish the degree of airflow 

limitation (FEV1 percentage predicted) at or most recently coded prior to index date (NICE 

severity classification10). 

Spirometry data was available on or before the index date for 23,436/30,378 (77.1%) 

patients (48,760 readings in total). In order to calculate percentage predicted FEV1 using 

standard formulae96 from absolute FEV1 in litres where no percentage predicted was 

provided (n=6,263), I inputted age (estimated at date of test, based on year of birth), sex 

and height (imputed for those readings with this missing (n=1,838) based on mean values 

for 10-year age category and sex in the whole cohort). I dropped those where there was 

no percentage predicted or absolute FEV1 available (n=5,046). For those with both absolute 

and percentage predicted FEV1 available, I compared results from my calculation with the 



results in the database, and manually inspected those where the difference was >25%. As 

it was not clear which was the correct value, and awareness from my own clinical practice 

that there is confusion over which are the correct figures to input, I dropped these (n=175). 

I manually inspected results from patients with readings where FEV1 % predicted was <20 

(n=20) or >120 (n=16), and made a clinical judgement whether it was in keeping with other 

results or likely to be a data entry error, as I did not want to just exclude very low or high 

readings as this might bias the overall results. Single readings <5 or >140% were dropped 

as I thought these were more likely an error than a true reading. I also manually inspected 

those readings within 2 weeks of each other and found that generally the higher reading 

was implausible, so used the lower reading. Finally, I kept only the most recent reading, in 

the two years before index date (as earlier than this was unlikely to be representative of 

airflow limitation severity at the time of initiating the new inhaled maintenance 

medication). This resulted in 20,331/30,378 (66.9%) patients having valid spirometry data 

for use as a covariate for airflow limitation severity. 

2.3.2 Outcomes data management 

I classed codes for exacerbation (n=26,531), LRTI (n=108,072), COPD-related 

hospitalisations (n=23,556), and symptom codes plus prescription of either antibiotics or 

steroids (n=85,607), as potential exacerbation events. For double prescriptions (antibiotics 

and steroids) (n=48,540), I excluded those which occurred on the same day as a rescue 



pack code (n=1,395) or spirometry code (any, not just valid, n=1,833) (n=2,996 excluded in 

total).a 

I divided data into events into those occurring in the year before, and any time after the 

index date (for calculation of baseline exacerbation frequency variable and exacerbation 

outcome variables, respectively). Events occurring within 2 weeks of another were 

dropped. I flagged events occurring in the first 30 days after index date, to exclude later as 

part of outcomes analysis (Section 2.2.8). I calculated the time to exacerbation after index 

date, for use in the Cox model. 

I followed a similar approach for defining pneumonia episodes and other secondary 

outcomes. 

2.3.3 Laboratory data management 

I looked at the online supplements of recently published CPRD studies95,100 but could not 

find any detail on data management of eosinophils or other laboratory data. For each 

biomarker result, I looked at the different variables provided (medical code, entity type, 

measurement code, and operator code) and when this was non-standard e.g. 

unconventional units, I inspected the results and decided whether to include the results or 

not. As an example, Table 2.3 shows the variation in unit type given for blood eosinophil; 

for all of these, with the exception of ‘%’, discussed below, the results appeared within 

                                                      
a While exploring the data, I found that n=2,599 spirometry results were coded on the same day as an 
exacerbation, and n=414 had spirometry coded on the same as a hospital admission. This concerned me, as 
in clinical practice it would be unusual to perform spirometry whilst the patient was unstable, and so 
hypothesised that it might be due to using the same code after the patient had recovered from their acute 
illness, and adding spirometry performed during recovery in hospital which was retrospectively added by 
practice coders to be the same date as the original hospital admission. I decided that as it was not clear what 
had happened, and I had not pre-specified to exclude these, nor had they been excluded in CPRD 
exacerbation validation studies,88 I would keep them in. 



normal range for x10*9/L, so I assumed it was only the units which had been 

miscoded/missing. 

Table 2.3: Measurement codes associated with blood eosinophil count in the CPRD 

Specimen Unit of Measure Frequency Percent 
% 4,337 8.89 
/L 157 0.32 
1 5 0.01 
10*12/L 41 0.08 
10*3/mL 2 0.00 
10*9 389 0.80 
10*9/L 43,170 88.5 
10*9/mL 5 0.01 
L 71 0.15 
No Data Entered 547 1.12 
g/L 43 0.09 
pH 1 0.00 
Total 48,768 100.0 

 

I removed duplicates, inspected the remainder and made individual decisions. For 

percentage neutrophils and eosinophils, I converted to absolute values based on absolute 

leucocytes on the same day. I dropped results which were significantly outside of normal 

range, on the grounds that these would be not representative of baseline state and more 

likely suggestive of an acute or haematopoietic problem: this was outside of 3-15 x10*9/L 

for leucocytes (n=777/46,691), 1-13 x10*9/L for neutrophils (n=264/44,917), and 0.01-1.5 

x10*9/L for eosinophils (n=1,202/43,684).a I also excluded neutrophil and eosinophil 

                                                      
a I had originally planned to use 0-1.5 x10*9/L as the inclusive range for eosinophils, but during assessment 
of residuals in linear regression, and the fact that there was a spike at the lower end of the data spectrum 
even after logarithmic transformation of eosinophils, I became concerned that the zeros may not be true 
values. I consulted with a laboratory haematologist (Deborah Hay) who in turn spoke to a Senior Biomedical 
Scientist (Kate Cubbage) at the OUH Trust, who informed me of a field safety notice issued in August 2018 
about eosinophil counts reported as zero by automatic analysers but which were actually greater than this 
on blood film examination. I therefore decided to re-analyse the data excluding the zeros. 



results where the leucocyte count on the same day was absent or significantly outside of 

normal range. 

I divided into groupings based on various cut-points as planned for the different analyses 

(see detailed statistical analysis methods sections of subsequent analyses). CRP presented 

a particular challenge in this respect due to test qualifiers (<, =, >, etc.), as many results, 

especially 5, were actually ‘<5’, due to the lower limit of laboratory detection. I decided to 

only divide CRP into binary categories, of 5 or less and more than 5, excluding those with a 

test qualifier of ‘<’ or ‘≤’ above this (n=275/10,321 values). 

Eosinophil counts close to acute events 

I flagged results which were within two weeks of an acute event (exacerbation, pneumonia 

episode or elevated CRP >100mg/L), as I had planned to exclude these from main analysis 

on the grounds that this might not be representative of baseline values. Although a study 

published during my protocol development, which used another primary care database to 

investigate association between blood eosinophils and exacerbations, found that results 

were not relevantly different after excluding the patients (17%) with blood eosinophil 

counts measured at exacerbation,75 I wanted to validate this myself in my cohort. I also 

planned to exclude the results, rather than the entire patient. Table 2.4 compares 

eosinophil counts close to acute events with those at least two weeks away from one; only 

raised CRP was associated with a significant reduction in eosinophil count, which may 

relate to low eosinophils being a poor prognostic marker in severe hospitalised 

exacerbations.101 Sensitivity analysis excluding counts close to acute events resulted in no 

significant difference in eosinophil counts (p=0.95, 0.94, 0.80 and 0.87 for exacerbations, 

pneumonia, CRP and all events respectively). I concluded to exclude these results from the 



main analyses as planned, but conduct sensitivity analyses to ensure that inclusion did not 

affect overall results. 

Table 2.4: Comparison of eosinophil counts close to acute events 

 Geometric mean (x10*9/L) (n) Geometric mean 
difference 
(x10*9/L) 

p-value 
 Within 14 days 

of event 
>14 days from 
event 

Exacerbation 
event 

0.20 
n=3,199 

0.20 
n=38,766 

0.001 0.77 

Pneumonia event 0.20 
n=1,217 

0.20 
n=40,748 

-0.002 0.52 

CRP >100 0.16 
n=211 

0.20 
n=41,754 

-0.04 <0.001 

Any of above 0.20 
n=3,395 

0.20 
n=38,570 

-0.002 0.42 

Geometric mean was used due to non-normal distribution of eosinophils (see later). Student’s t-test was used 
to calculate p-value. 

Variation of eosinophil count due to season 

It was suggested to me during protocol development that eosinophils may be higher during 

the summer months, due to atopy and hay fever, and therefore season of eosinophil test 

was something I should consider incorporating into the model. I divided all eosinophil 

counts (after data cleaning) into seasons and compared the groups (Table 2.5). Eosinophil 

counts were statistically but not clinically different compared to reference. I therefore did 

not include season of eosinophil test in the main model, but conducted a sensitivity analysis 

incorporating this. 



Table 2.5: Eosinophil counts by season of test 

 Season Geometric 
mean (x10*9/L) 
(n) 

p-value (vs. 
reference group) 

p-value 
(overall) 

Including 
counts close 
to acute 
events 
(n=41,965) 

Spring (March-May)* 0.20 
n=10,716 

Reference 0.04 

Summer (June-August) 0.20 
n=10,714 

0.07 

Autumn (September-
November) 

0.20 
n=10,696 

0.75 

Winter (December-
February 

0.20 
n=9,839 

0.01 

Excluding 
counts close 
to acute 
events 
(n=38,570) 

Spring (March-May) 0.20 
n=9,818 

Reference 0.02 

Summer (June-August) 0.20 
n=10,069 

0.11 

Autumn (September-
November) 

0.20 
n=9,872 

0.85 

Winter (December-
February) 

0.20 
n=8,811 

0.01 

Geometric mean was used due to non-normal distribution of eosinophils (see later). Linear regression was 
used to generate p-values; assumptions were tested and met. Number of tests may be reduced in winter 
months due to practice closures over Christmas and New Year. Eosinophil counts were significantly higher in 
winter, by 0.004 to 0.005 x10*9/L compared to reference groups. However results are rounded to two 
decimal places given as this is the maximum provided to UK primary care and this difference is not clinically 
significant. 

 Overall cohort demographics 

Figure 2.2 shows the flow chart of steps to arrive at the final 30,378 patients included in 

the overall study cohort. 



Figure 2.2: Study flow chart 

 

a CPRD August 2016 release. 
b Other respiratory diagnoses excluded were bronchiectasis, cystic fibrosis and pulmonary fibrosis. 
c Qualifying prescription required patients be ICS-naïve (no previous ICS in the preceding 12 months), have at 
least 2 years of data, 1st January 2005 or later, and be aged 40 or older on the date of the prescription, which 
was the first prescription for that drug in at least 12 months. 
d Eligible spirometry was spirometry diagnostic for COPD (FEV1/FVC ratio <0.7) at any time point. 

Total follow-up time was 144,217 years, mean 4.75 years (SD 2.8, range 0.5 to 11.2 years). 

Table 2.6 summarises baseline characteristics of the study cohort. 

  

325,279 COPD patients in databasea  

87,037 excluded: 
             70,908          No record of COPD maintenance medication 
             16,129          Other respiratory diagnosisb 

238,242 Potentially eligible patients 

89,512 Qualifying ICS or non-ICS prescriptionc 

59,134 excluded: 
             4,868            Non-smokers 
             23,643          No eligible spirometryd 
             3,488             ≥3 oral steroid prescriptions in year prior to index date 
             3,234             Commencing triple therapy 
             22,026           No data linkage available 
             1,875             Less than 6 months follow up data available 

30,378 Eligible patients 



Table 2.6: Baseline characteristics of overall CPRD study cohort 

Characteristic (n=30,378) n (%) 
Demographic characteristics 
Age (mean, SD) 67.6 (10.8) 
Age group in years 
  40-49 
  50-59  
  60-69 
  70-79 
  80-89 
  >=90 

 
1,748 (5.8) 
5,273 (17.4) 
9,889 (32.6) 
9,071 (29.7) 
4,136 (13.6) 
261 (0.9) 

Female sex 13,288 (43.7) 
Socio-economic status (IMD quintile) (n=30,362) 
  1 (least deprived) 
  2 
  3 
  4 
  5 (most deprived) 

 
4,394 (14.5) 
6,167 (20.3) 
6,010 (19.8) 
7,433 (24.5) 
6,358 (20.9) 

Respiratory disease characteristics 
Smoking status (n=30,223) 
  Ex-smoker 
  Current smoker 

 
16,313 (54.0) 
13,910 (46.0) 

Asthma history 
  No asthma history 
  Past asthma (last coded >2 years before index date) 
  Current asthma (coded within 2 years of index date)   

 
24,453 (80.5) 
4,678 (15.4) 
1,247 (4.1) 

History of atopy 7,945 (26.2) 
Airflow limitation severity (most recent FEV1 % predicted) 
(n=20,331) 
  Mild (≥80%) 
  Moderate (50-80%) 
  Severe (30-50%) 
  Very severe (<30%) 

 
2,737 (13.5) 
11,219 (55.2) 
5,468 (26.9) 
907 (4.5) 

MRC breathlessness scale (n=11,715) 
  1 (least severe) 
  2 
  3 
  4 
  5 (most severe) 

 
1,901 (16.2) 
5,122 (43.7) 
3,143 (26.8) 
1,367 (11.7) 
182 (1.6) 

Exacerbations in previous year 
  0 
  1 
  2 
  3 or more 

 
15,126 (49.8) 
9,430 (31.0) 
3,886 (12.8) 
1,936 (6.4) 

Pneumonia episodes in previous year 
  0 
  1 
  2 or more 

 
24,019 (79.1) 
4,925 (16.2) 
1,434 (4.7) 



Characteristic (n=30,378) n (%) 
Oral steroid prescriptions in previous yeara 
  0  
  1 
  2 

 
23,826 (78.4) 
4,912 (16.2) 
1,640 (5.4) 

Salbutamol inhaler prescriptions in previous year 
  0  
  1 
  2 
  3-5 
  6 or more  

 
10,202 (33.6) 
6,503 (21.4) 
3,172 (10.4) 
4,282 (14.1) 
6,219 (20.5) 

Theophylline in two previous years 344 (1.1) 
Oxygen use ever 130 (0.4) 
Nebulisers in two previous years 553 (1.8) 
General health characteristics 
Non-elective hospitalisations  in previous year 
  0 
  1 
  2 or more 

 
25,667 (84.5) 
3,590 (11.8) 
1,121 (3.7) 

GP consultations in previous year 
  0-3 
  4-7 
  8 or more 

 
11,138 (36.7) 
10,216 (33.6) 
9.024 (29.7) 

Charlson comorbidity indexb 
  0 
  1 
  2 or more 

 
18,835 (62.0) 
4,524 (14.9) 
7,019 (23.1) 

Influenza vaccination in previous year 19,057 (62.7) 
Pneumococcal vaccination in previous 5 years 10,119 (33.3) 
Baseline laboratory markers (most recent before index date) (geometric mean, range) 
Total white cell count (x10*9/L) (n=19,025) 7.44 (3.00-14.90) 
Neutrophil count (x10*9/L) (n=18,508) 4.39 (1.00-12.80) 
Eosinophil count (x10*9/L) (n=18,235) 
    Low eosinophils (<0.15) (n,%) 
    High eosinophils (≥0.15) (n,%) 
    Low eosinophils (<0.34) (n,%) 
    High eosinophils (≥0.34) (n,%) 
Eosinophil count (% white cell count) (n=18,210) 

0.20 (0.01-1.48) 
5,615 (30.8) 
12,620 (69.2) 
14,692 (80.6) 
3,543 (19.4) 
2.70 (0.07-23.91) 

C-reactive protein (mg/L) (n=4,833) 
    Low CRP (≤5mg/L) (n,%) 
    High CRP (>5mg/L) (n,%) 

 
2,920 (60.4) 
1,913 (39.6) 

IMD, Index of Multiple Deprivation. For binary characteristics, only the affirmative is presented. 
a 3 or more oral steroid prescriptions in previous year was an exclusion criterion 
b Charlson comorbidity index refers to number of comorbidities recorded in addition to COPD93 
  



The number of patients starting a new maintenance medication decreased with increasing 

calendar year (i.e. more patients entered the study cohort earlier in the study period, 

Figure 2.3). This may be due to a reducing number of patients eligible to start a new 

maintenance medication out of the available pool, as time progressed. 

Figure 2.3: Frequency of patients by calendar year of index prescription (index date) 

 

2.4.1 Missing data assessment 

Small amounts of data were missing for smoking status (n=155) and socio-economic status 

(n=16). Given the small numbers (particularly once sample would be reduced for later 

analyses), I included these variables but conducted complete-case analysis in the models. 

However, a much larger amount of data was missing for NICE severity classification 

(n=10,047, 33.1%) and for MRC breathlessness scale (n=11,715, 38.6%) (65.4% missing one 

or the other). The former was due to issues with coding of spirometry data (Section 2.3.1 

above) and both probably related to a slow increase in coding over the study period 2005 

to 2015 as these became part of the QOF.90 

4139
3951

3531
3401

3057
2924

2752

2446

1908

1557

712

0
10

00
20

00
3

0
0

0
40

00
F

re
qu

en
cy

2005 2010 2015
Year of index prescription



I compared the population of those with data present and absent, for both of these 

variables, using logistic regression, in relation to baseline characteristics (Table 2.7). Those 

with missing data were more likely to be younger, female, less deprived, with asthma, more 

exacerbations but less salbutamol inhaler use, and more hospitalisations but fewer GP 

consultations. We hypothesised that, even amongst groups of patients with similar values 

for these covariates (age, female, deprivation, etc.), the likelihood of having spirometry or 

MRC breathlessness scale assessment may have been related to its value; or in other words 

GPs or nurses would tend to test people who they thought might have a problem. This 

would mean that the Missing at Random Assumption would be broken and multiple 

imputation should not be used.97,102 Particularly as FEV1 is not a good patient-related 

outcome measure,12 I concluded that I would leave these variables out of the main models, 

but conduct sensitivity analysis including them. 

Similar results were found when those with current asthma were dropped (data not 

shown). Missing data was also associated with worse outcomes (time-to-first exacerbation 

HR 1.05 (1.02 to 1.08, p=0.001) for missing severity, and HR 1.07 (1.04 to 1.10, p<0.001) 

for missing MRC scale. 

  



Table 2.7: Logistic regression comparing those with missing severity and MRC variables 

Characteristic  Odds ratio for missing 
severity (95% CI), p-value 

Odds ratio for missing MRC 
scale (95% CI), p-value 

Demographic characteristics 
Age group in years 
  40-49 
  50-59  
  60-69 
  70-79 
  80-89 
  >=90 

 
1.63 (1.45-1.83), p<0.001 
1.15 (1.06-1.24), p=0.001 
0.97 (0.91-1.04), p=0.43 
1.00 (ref) 
1.00 (0.92-1.04), p=0.91 
1.16 (0.89-1.52), p=0.28 

 
1.43 (1.26-1.62), p<0.001 
1.10 (1.02-1.19), p=0.02 
0.95 (0.90-1.01), p=0.13 
1.00 (ref) 
0.93 (0.86-1.01), p=0.08 
0.94 (0.73-1.22), p=0.66 

Female sex 1.14 (1.08-1.20), p<0.001 1.08 (1.03-1.14), p=0.002 
Socio-economic status  
  1 (least deprived) 
  2 
  3 
  4 
  5 (most deprived) 

 
1.00 (ref) 
0.87 (0.80-0.94), p=0.001 
0.81 (0.74-0.88), p<0.001 
0.84 (0.77-0.91), p<0.001 
0.73 (0.67-0.79), p<0.001 

 
1.00 (ref) 
0.86 (0.80-0.94), p=0.001 
0.87 (0.80-0.95), p=0.001 
0.89 (0.82-0.97), p=0.006 
0.79 (0.72-0.85), p<0.001 

Respiratory disease characteristics 
Smoking status 
  Ex-smoker 
  Current smoker 

 
1.00 (ref) 
1.05 (1.00-1.11), p=0.06 

 
1.00 (ref) 
0.91 (0.86-0.95), p<0.001 

Asthma history 
  No asthma history 
  Past asthma 
  Current asthma 

 
1.00 (ref) 
2.12 (1.98-2.27), p<0.001 
1.85 (1.63-2.08), p<0.001 

 
1.00 (ref) 
1.72 (1.60-1.84), p<0.001 
2.58 (2.24-2.97), p<0.001 

History of atopy 0.99 (0.94-1.05), p=0.85 1.07 (1.01-1.13), p=0.02 
Exacerbations 
  0 
  1 
  2 
  3 or more 

 
1.00 (ref) 
1.27 (1.19-1.35), p<0.001 
1.31 (1.20-1.44), p<0.001 
1.42 (1.25-1.61), p<0.001 

 
1.00 (ref) 
1.14 (1.07-1.21), p<0.001 
1.19 (1.09-1.30), p<0.001 
1.32 (1.16-1.50), p<0.001 

Pneumonia episodes 
  0 
  1 
  2 or more 

 
1.00 (ref) 
1.03 (0.95-1.11), p=0.48 
0.92 (0.80-1.05), p=0.22 

 
1.00 (ref) 
1.14 (1.06-1.23), p=0.001 
1.11 (0.97-1.27), p=0.15 

Oral steroid prescriptions 
  0 
  1 
  2 

 
1.00 (ref) 
0.98 (0.91-1.05), p=0.51 
1.01 (0.90-1.13), p=0.88 

 
1.00 (ref) 
0.96 (0.90-1.03), p=0.29 
0.82 (0.73-0.91), p<0.001 

Salbutamol inhalers 
  0 
  1 
  2 
  3-5 
  6 or more  

 
1.00 (ref) 
0.70 (0.65-0.75), p<0.001 
0.61 (0.56-0.67), p<0.001 
0.54 (0.49-0.58), p<0.001 
0.47 (0.43-0.50), p<0.001 

 
1.00 (ref) 
0.66 (0.61-0.70), p<0.001 
0.59 (0.54-0.65), p<0.001 
0.56 (0.52-0.61), p<0.001 
0.54 (0.50-0.58), p<0.001 

Theophylline use 0.99 (0.78-1.26), p=0.93 1.47 (1.15-1.87), p=0.002 
Oxygen use 0.84 (0.56-1.25), p=0.38 0.70 (0.49-1.00), p=0.05 
Nebuliser use 0.91 (0.75-1.10), p=0.32 1.14 (0.95-1.38), p=0.16 



Characteristic  Odds ratio for missing 
severity (95% CI), p-value 

Odds ratio for missing MRC 
scale (95% CI), p-value 

General health characteristics 
Non-elective hospitalisations 
  0 
  1 
  2 or more 

 
1.00 (ref) 
1.46 (1.36-1.58), p<0.001 
1.65 (1.45-1.88), p<0.001 

 
1.00 (ref) 
1.45 (1.34-1.57), p<0.001 
1.57 (1.37-1.80), p<0.001 

GP consultations 
  0-3 
  4-7 
  8 or more 

 
1.00 (ref) 
0.91 (0.85-0.96), p=0.001 
0.89 (0.83-0.95), p<0.001 

 
1.00 (ref) 
1.04 (0.98-1.10), p=0.18 
1.10 (1.04-1.17), p=0.002 

Charlson comorbidity index 
  0 
  1 
  2 or more 

 
1.00 (ref) 
0.93 (0.86-1.00), p=0.05 
0.95 (0.88-1.01), p=0.10 

 
1.00 (ref) 
0.94 (0.87-1.01), p=0.07 
0.77 (0.73-0.82), p<0.001 

Influenza vaccination 0.72 (0.68-0.76), p<0.001 0.70 (0.66-0.74), p<0.001 
Pneumococcal vaccination 0.92 (0.87-0.97), p=0.004 1.29 (1.23-1.37), p<0.001 

Odds ratios are adjusted for all variables listed. Details and time periods for variables are listed in Table 2.6 
above. n=30,207 due to missing data for smoking status and socio-economic deprivation. 
(ref), reference group 
  



 Overall cohort outcomes 

22,864/30,378 (75.3%) patients experienced an exacerbation during their follow-up period 

(mean 0.80/year (SD 0.97)). 1,635 (5.4%) died from COPD during follow-up, and 6,143 

(20.2%) died from any cause. 

After those with an exacerbation in the first month after index date (n=1,598) had been 

dropped as planned, 21,266/28,760 (73.9%) experienced an exacerbation during their 

follow-up period (mean 0.76/year (SD 0.92)) (Figure 2.4). Median time-to-first 

exacerbation was 599 days (95% CI 586 to 609). 

Figure 2.4: Kaplan-Meier curve showing time-to-first exacerbation 

 

Table 2.8 shows hazard ratios for time-to-first exacerbation of each variable, both 

unadjusted and adjusted. 
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Table 2.8: Time-to-first exacerbation for baseline characteristics 

Characteristic  Unadjusted hazard ratio (95% 
CI), p-value 

Adjusted hazard ratio (95% CI), 
p-value 

Demographic characteristics 
Age (continuous) 1.01 (1.01-1.01), p<0.001 N/a 
Age group in years 
  40-49 
  50-59  
  60-69 
  70-79 
  80-89 
  >=90 

 
0.88 (0.83-0.93), p<0.001 
0.93 (0.89-0.97), p<0.001 
0.94 (0.91-0.98), p=0.001 
1.00 (ref) 
1.14 (1.09-1.19), p<0.001 
1.39 (1.20-1.61), p<0.001 

 
0.93 (0.87-1.00), p=0.05 
0.98 (0.93-1.02), p=0.29 
0.97 (0.94-1.01), p=0.15 
1.00 (ref) 
1.14 (1.09-1.19), p<0.001 
1.34 (1.15-1.55), p<0.001 

Female sex 1.10 (1.07-1.13), p<0.001 1.06 (1.03-1.09), p<0.001 
Socio-economic status  
  1 (least deprived) 
  2 
  3 
  4 
  5 (most deprived) 

 
1.00 (ref) 
1.05 (1.01-1.10), p=0.03 
1.01 (0.96-1.06), p=0.72 
1.08 (1.04-1.13), p=0.001 
1.11 (1.06-1.16), p<0.001 

 
1.00 (ref) 
1.05 (1.01-1.10), p=0.03 
1.01 (0.96-1.06), p=0.69 
1.08 (1.03-1.13), p=0.001 
1.10 (1.05-1.15), p<0.001 

Year of index prescription 
(continuous) 

0.98 (0.98-0.99), p<0.001 N/a 

Respiratory disease characteristics  
Smoking status 
  Ex-smoker 
  Current smoker 

 
1.00 (ref) 
1.04 (1.01-1.06), p=0.01 

 
1.00 (ref) 
1.09 (1.06-1.12), p<0.001 

Asthma history 
  No asthma history 
  Past asthma 
  Current asthma 

 
1.00 (ref) 
0.99 (0.95-1.02), p=0.44 
1.08 (1.01-1.15), p=0.02 

 
1.00 (ref) 
1.05 (1.01-1.09), p=0.01 
1.06 (1.00-1.14), p=0.07 

History of atopy 1.11 (1.08-1.15), p<0.001 1.07 (1.04-1.10), p<0.001 
Airflow limitation severity  
  Mild (≥80%) 
  Moderate (50-80%) 
  Severe (30-50%) 
  Very severe (<30%) 

 
1.00 (ref) 
1.12 (1.06-1.18), p<0.001 
1.29 (1.22-1.37), p<0.001 
1.49 (1.36-1.63), p<0.001 

N/a 

MRC breathlessness scale  
  1 (least severe) 
  2 
  3 
  4 
  5 (most severe) 

 
1.00 (ref) 
1.06 (0.99-1.14), p=0.077 
1.16 (1.08-1.25), p<0.001 
1.18 (1.08-1.29), p<0.001 
1.47 (1.22-1.77), p<0.001 

N/a 

Exacerbations 
  0 
  1 
  2 
  3 or more 

 
1.00 (ref) 
1.49 (1.45-1.54), p<0.001 
2.01 (1.93-2.09), p<0.001 
2.94 (2.79-3.10), p<0.001 

 
1.00 (ref) 
1.41 (1.36-1.46), p<0.001 
1.80 (1.72-1.89), p<0.001 
2.51 (2.34-2.68), p<0.001 

Pneumonia episodes 
  0 
  1 
  2 or more 

 
1.00 (ref) 
1.55 (1.50-1.61), p<0.001 
2.05 (1.93-2.18), p<0.001 

 
1.00 (ref) 
1.10 (1.06-1.15), p<0.001 
1.05 (0.98-1.13), p=0.18 



Characteristic  Unadjusted hazard ratio (95% 
CI), p-value 

Adjusted hazard ratio (95% CI), 
p-value 

Oral steroid prescriptions 
  0 
  1 
  2 

 
1.00 (ref) 
1.37 (1.32-1.42), p<0.001 
1.71 (1.62-1.82), p<0.001 

 
1.00 (ref) 
1.07 (1.03-1.11), p=0.001 
1.14 (1.07-1.21), p<0.001 

Salbutamol inhalers 
  0 
  1 
  2 
  3-5 
  6 or more  

 
1.00 (ref) 
1.07 (1.03-1.12), p<0.001 
1.18 (1.12-1.23), p<0.001 
1.18 (1.13-1.23), p<0.001 
1.26 (1.22-1.31), p<0.001 

 
1.00 (ref) 
0.99 (0.96-1.03), p=0.79 
1.03 (0.98-1.08), p=0.26 
1.06 (1.01-1.10), p=0.02 
1.16 (1.12-1.21), p<0.001 

Theophylline use 1.31 (1.16-1.47), p<0.001 1.11 (0.99-1.26), p=0.09 
Oxygen use 1.42 (1.16-1.73), p=0.001 1.21 (0.98-1.48), p=0.07 
Nebuliser use 1.45 (1.32-1.60), p<0.001 1.17 (1.06-1.29), p=0.002 
General health characteristics  
Non-elective hospitalisations 
  0 
  1 
  2 or more 

 
1.00 (ref) 
1.21 (1.16-1.26), p<0.001 
1.45 (1.35-1.55), p<0.001 

 
1.00 (ref) 
1.05 (1.00-1.09), p=0.03 
1.12 (1.04-1.20), p=0.002 

GP consultations 
  0-3 
  4-7 
  8 or more 

 
1.00 (ref) 
1.23 (1.19-1.27), p<0.001 
1.43 (1.38-1.48), p<0.001 

 
1.00 (ref) 
1.10 (1.07-1.14), p<0.001 
1.21 (1.16-1.25), p<0.001 

Charlson comorbidity index 
  0 
  1 
  2 or more 

 
1.00 (ref) 
1.08 (1.03-1.12), p<0.001 
1.15 (1.12-1.19), p<0.001 

 
1.00 (ref) 
1.02 (0.98-1.06), p=0.37 
1.07 (1.03-1.11), p<0.001 

Influenza vaccination 1.16 (1.12-1.19), p<0.001 1.10 (1.07-1.14), p<0.001 
Pneumococcal vaccination 1.04 (1.01-1.07), p<0.001 0.99 (0.96-1.02), p=0.50 

(ref), reference group 
Adjusted hazard ratio calculated using Cox regression, including all variables listed (categorical variable used 
for age and index year, as discussed in main text). Details and time periods for variables are listed in Table 
2.6 above. n=28,780 for unadjusted analysis (except n=28,629 for smoking status, n=28,765 for socio-
economic deprivation, n=19,343 for airflow limitation severity and n=11,135 for MRC breathlessness scale) 
and n=28,614 for adjusted analysis (which excluded airflow limitation severity and MRC breathlessness scale). 

For age and index year, I explored whether including these as a categorical rather than 

continuous variable would improve the model, using a likelihood ratio test, and found that 

they did (p<0.001 for age and p=0.02 for index year), so I used categorical variables for 

analyses going forwards.a Including severity and MRC breathlessness scale did improve the 

                                                      
a N.B. I used the 70-79 age category as the reference group in the model because this was the largest group 
in my main (Aim II) analysis. 



model (p<0.001) but did not change the hazard ratios for other variables by any important 

amount (data not shown). 

As with all studies of datasets with a large sample size, where small effect sizes can appear 

statistically significant, one must be cautious in interpretation, as the effect may not be 

clinically significant. However, a worse outcome in terms of exacerbations appears to be 

particularly associated with increasing age, smoking, baseline exacerbation frequency (see 

Figure 2.5), oral steroid, nebuliser and high reliever inhaler use, and increasing 

hospitalisations, GP consultations and comorbidities. 

I was surprised by the association of influenza vaccination with worse outcomes; I explored 

potential causes for this, particularly reasons a patient might visit the surgery more often, 

but found no significant interaction with baseline exacerbations, hospital admissions, GP 

consultations, Charlson category or inhaler use. 

 



Figure 2.5: Kaplan-Meier curve showing time-to-first exacerbation, by baseline 
exacerbation frequency 

 

 Discussion 

This discussion relates purely to the development of the overall cohort in terms of baseline 

demographics and the comparison of these with other published cohort studies. More 

detailed discussion of strengths and limitations, and comparison with other literature, in 

relation to answering specific thesis objectives, can be found in the results chapters.  

2.6.1 Summary of findings 

This chapter has described the overall methods of the CPRD study, leading to establishing 

a main ICS-naïve cohort for answering specific thesis objectives in subsequent chapters, 

and baseline characteristics and association of these with the primary outcome of time-to-

first-exacerbation have been presented. All baseline covariates examined, except 
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pneumococcal vaccination, were significantly associated with the outcome, with the 

strongest predictor being baseline exacerbation frequency. 

2.6.1 Strengths and limitations 

Strengths of this cohort are inclusion of a large number (>30,000) real-world patients as 

managed in everyday clinical practice, which is high quality and representative of the UK 

population;76 in contrast to many published trials or longitudinal cohort studies which are 

a highly selected population often recruiting from specialist tertiary clinics, and therefore 

not representative of primary care.16,17 However, these large numbers also bring difficulties 

in that any tiny association will be statistically significant, even if differences are small or 

associations weak, and this may not be clinically significant; as such, it is not surprising that 

almost every covariate was associated with the primary outcome. 

I included only those patients starting a new inhaled maintenance medication in order to 

effectively address Aim II. This meant that the cohort under study was consequently 

limited, so might not be representative of the whole COPD population. This limitation 

should be taken into account particularly when considering applicability to the general 

population living with COPD, and in terms of potential bias for the thesis questions 

regarding association between eosinophils and baseline characteristics, repeatability and 

variability, and association with prognosis. Furthermore, including those patients initiating 

ICS monotherapy, which is not included in COPD guidelines but reflective of current 

practice,33 may result in the inclusion of more patients with asthma (for which ICS 

monotherapy is a more conventional treatment), rather than true COPD. This might affect 

applicability of findings to those with isolated, true COPD; however, proportions of patients 



with coded asthma do not appear to be higher than in other studies (see Section 2.6.2 

below). 

Data management was a challenge in relation to spirometry where results could vary 

widely even within individual patients and with many extreme values, and there were 

considerable missing data for both spirometry and MRC breathlessness scale. A previous 

study validating spirometry in the CPRD found that recording quality was good,103 and 

other studies have found that FEV1 percentage predicted can be ascertained for 

approximately 75% patients in the CPRD.104 Another CPRD study assessing predictors of 

exacerbations only had missing values of 2 and 12% for percentage predicted FEV1 and 

MRC breathlessness scale, respectively,92 so there may have been differences in our data 

management methods to account for this, but this is beyond the scope of what is reported 

in publications. Sensitivity analyses are planned of main analyses including these covariates 

to assess whether inclusion has any effect on overall results. 

As the primary focus of my work was to investigate the utility of peripheral blood eosinophil 

count in primary care, it was important that this was assigned, managed and interpreted 

proportionally. In my work, I standardised the units of the peripheral eosinophil count in 

order to be able to deliver key messages in a uniform way. I also selected eosinophil counts 

that were closest to the index event. Although this was selected for ease of detection from 

a clinical point of view, sensitivity analysis as presented in Table 2.4 demonstrated that my 

selection of which eosinophil count to record would not affect the results, nor be affected 

if I excluded those close to exacerbations. I also investigated the seasonal effect on 

eosinophils (Table 2.5) and determined this was not clinically different. This is an important 

aspect of my work, as exacerbations of COPD are usually much higher in the winter.10 



2.6.2 Comparison with other literature 

Results comparisons will be discussed in more detail under the relevant study objectives. 

However, baseline characteristics of this study cohort are broadly similar to those found in 

other studies which will be discussed later, particularly in comparison to other studies 

which have used the CPRD or other primary care databases.74,75,91,95,100,105-108 Differences 

arising are usually explained by differing methods or inclusion criteria creating a slightly 

different population; for example, including only those with at least one exacerbation in 

the baseline year,74 exclusion of those with any history of asthma,95,106 or no requirement 

for the patient to have been ICS-naïve during the baseline period.100,107 For example, in a 

database study using the National Health And Nutrition Examination Survey (NHANES) 

dataa to investigate relationship between blood eosinophils and clinical characteristics in 

those with spirometry-defined COPD (albeit mostly pre-bronchodilator), 18.5% any asthma 

history and 11.7% had current asthma, compared to 19.5% and 4.1% in my CPRD cohort. 

This may reflect the use of participant survey vs. clinician-coded data, and perhaps those 

with COPD self-identifying as having asthma as the cause of their respiratory symptoms 

rather than COPD.91 

In this study cohort, half of patients had experienced no exacerbation in their baseline year, 

which is higher than that found in the post-hoc analyses of trials (as we would expect, as 

they tended to recruit a more severe population),109 but lower than that in database cohort 

studies which did not require the patient to be initiating a new maintenance 

medication75,100,107 (as in my CPRD study patients are presumably stepping up their 

medication due to worsening symptoms or exacerbations). 

                                                      
a The NHANES database is a cross-sectional clinical patient survey programme based in the United States 



My finding that baseline exacerbation frequency is the strongest predictor of exacerbation 

outcome, with increasing hazard ratio as number of baseline exacerbations increased, is in 

keeping with other studies. A CPRD study found that prior exacerbations, increasing MRC 

breathlessness scale, increasing airflow limitation, females and co-morbidities were all risk 

factors for exacerbation frequency, which my findings replicate, and there was also a 

similar rate of exacerbations during follow-up of 0.89 per person per year (compared to 

0.76 in my cohort).92 Large prospective cohort studies, such as ECLIPSEa, have also found 

that the single best predictor of exacerbations, across all severity stages, is a history of 

exacerbations.110 A CPRD study covering a similar time period to my study assessing 

exacerbation frequency and multiple exacerbations in follow-up (rather than just time-to-

first exacerbation) found that exacerbation frequency in a single year does predict long-

term exacerbation rates, as well as similar baseline characteristics as risk factors for 

exacerbation frequency.111 These associations have also been replicated in the OPCRDb, 

another primary care database, in a study by Kerkhof et al which assessed risk factors for 

frequent COPD exacerbations.75 

2.6.3 Conclusions 

This is the first database cohort study looking at a cohort of ICS-naïve patients with COPD 

in primary care, at the time of commencing a new inhaled maintenance medication. 

Characteristics and outcomes of the overall cohort are similar to those in published 

literature, and as such later findings from specific study objectives are likely to be 

generalisable to the primary care population.  

                                                      
a Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints study 
b Optimum Patient Care Research Database 



Chapter 3: Developing a prospective primary 
care COPD cohort  

This chapter covers the methods for the COMETa study, as well as baseline characteristics 

for the whole COMET cohort. Statistical analysis methods and results for specific study 

objectives will be presented integrated with results from the CPRD study in Chapter 4 

(COMET Part I), and in Chapter 7 (COMET Parts II and III). 

My thesis focuses on potential use of blood eosinophil count to guide decisions about ICS 

prescription and so I am focusing on these aspects of the study. I also collected data on 

fraction of exhaled nitric oxide (FeNO) and periostin, but results are not presented in this 

thesis. 

 Introduction 

The rationale for this study is that there is limited evidence on repeatability and variability 

of blood eosinophils in the primary care COPD population, and no evidence on near-patient 

testing of blood eosinophils in stable state COPD management (as discussed earlier in 

Chapter 1). 

3.1.1 Aims and objectives 

I: To describe biomarker levels including repeatability and variability in a prospective study  

Including specific objectives: 

 To assess blood eosinophil distribution in the primary care COPD population 

                                                      
a Near-patient testing to guide COPD MaintenancE Treatment in primary care: observational study to 
determine variability and accuracy of inflammatory biomarkers in stable state 



 To assess the association between higher blood eosinophil counts and clinical 

characteristics 

 To assess within-person variation and stability over time of blood eosinophil counts, 

to decide whether the most recent value can be used in decision-making 

II: To investigate use of near-patient eosinophils compared to laboratory eosinophils 

Including specific objectives: 

 To assess method comparison of near-patient eosinophils compared to laboratory 

eosinophils 

 To compare capillary blood testing with venous blood testing 

III: To assess the feasibility and acceptability of undertaking such measurements in a 

primary care setting 

 Including acceptability of both laboratory and near-patient blood tests, testing at 

the COPD annual review, and being part of the research study 

 Methods 

The approved protocol for the COMET study is included as Appendix E. 

3.2.1 Study design 

The design was a prospective observational cohort study with a nested method comparison 

study and feasibility assessment. Figure 3.1 shows the study procedures flow chart and 

Table 3.1 the schedule of study procedures. In summary, I planned to recruit approximately 

100 ICS-naïve patients with COPD, identified from their primary care records and invited 

by post to take part in the study, followed by a screening telephone call to check eligibility. 

Participants attended for a baseline visit at their GP surgery, at which information was 

obtained on demographic and disease/medication characteristics, in conjunction with the 



participant’s health record. Measurements were taken including spirometry, FeNO, finger-

prick blood test, and venous blood test (serum for periostin and saved serum, full blood 

count (FBC) and C-reactive protein (CRP)). Near-patient eosinophils were tested 

immediately using the Hemocue® WBC DIFF point-of-care (POC) machine, using both 

venous and capillary blood. Questionnaires on respiratory-related symptoms and quality 

of life were completed. 

A further three visits took place over a six-month period, at approximately two-month 

intervals. At each of these visits, the same measurements were taken, and any 

exacerbations and changes to baseline characteristics were recorded. 

At the final visit, participants were given a survey to complete about the acceptability of 

such tests as part of their annual COPD review and their experience of being part of a 

research study. 

The study did not mandate any changes to usual care. As part of the study design, 

additional tests were performed some of which are part of usual care, including spirometry 

and oxygen saturations, which were recorded in the notes so that they could then be used 

for clinical purposes by the usual care team. 

I personally undertook the majority of study set-up, site recruitment and set-up, telephone 

eligibility screening, and appointment scheduling and organisation (i.e. trial management 

tasks). I led baseline appointments at the first two practices (seven participants) at which I 



refined the working instructions for study nurses; after this, study procedures were 

undertaken by the Clinical Trials Unit research nurse team.a 

 

Figure 3.1: Study procedures flow chart 

 

PIS, patient information sheet; CRF, case report form; FBC, full blood count; CRP, C-reactive protein 

                                                      
a It is normal practice for studies recruiting in primary care for recruitment to be undertaken by a study nurse, 
from the Clinical Trials Unit or Clinical Research Network, or a practice nurse trained in study procedures. For 
the COMET study, due to only one set of devices, it was simplest to have this provided by the Primary Care 
Clinical Trials Unit nurse team. 

GP

•Search for eligible patients and check list
•Send out letters with reply slips and PIS

Research 
Team

•Screening for eligible participants
•Book baseline appointment

Baseline

•Consent taken and contact details collected
•Complete baseline CRF
•Take baseline measurements
•GP to screen FBC/CRP results for incidental abnormalities requiring action

Visit 2 & 3

•Complete CRF 
•Take measurements
•GP to screen FBC/CRP results for incidental abnormalities requiring action

Final visit

•Complete CRF; take measurements
•Feedback questionnaire given
•GP to screen FBC/CRP results for incidental abnormalities requiring action



Table 3.1: Schedule of study procedures 

 Visit timing Week 0 Week 8 Week 16 Week 24 

 Screening 
and 

telephone 
contact 

Visit 1 Visit 2 Visit 3 Visit 4 

Health record searches and 
recruitment letter X     

Eligibility assessment X X    

Informed consent  X    

Demographics X X    

Contact Details  X Check no 
changes 

Check no 
changes 

Check no 
changes 

Medical history, smoking 
and medication history  X Check no 

changes 
Check no 
changes 

Check no 
changes 

Respiratory questionnaires  X X X X 

Physical examination 
(oxygen saturation only)  X X X X 

Fraction of exhaled nitric 
oxide (FeNO)  X X X X 

Spirometry including 
reversibility  X X X X 

Venous blood tests (FBC, 
CRP, periostin)  – laboratory 
(all) and POC machine (FBC 
only) 

 X X X X 

Finger-prick blood test (POC 
machine)  X X X X 

Survey about acceptability 
of tests     X 

3.2.2 Participant identification 

Participants were recruited from primary care practices across Oxfordshire, with assistance 

of the Clinical Research Network (CRN). I produced a Research Information Sheet for 

Practices (RISP) (Appendix F) which described the study and encouraged practices to take 

part, with reimbursements provided for research activity (both Research Costs and Service 

Support Costs) as standard. I produced a Site Initiation Plan (Appendix G) to guide practices 



through the study processes, and visited each practice to go through further details and 

provide them with the Investigator Site Folder.a 

Inclusion and exclusion criteria 

Inclusion and exclusion criteria are shown in Box 3.1. These were selected to mirror those 

in the CPRD study (Section 2.2.3), with the exception that I decided to include never-

smokers following feedback at Patient and Public Involvement (PPI) meetings that this 

group of patients with COPD feels excluded from COPD studies but yet are managed the 

same as the current/ex-smoker COPD population. 

Box 3.1: Inclusion and exclusion criteria for COMET study 

Inclusion criteria 
 Participant is willing and able to give informed consent for participation in the study. 
 Male or Female, aged 40 years or above. 
 Have a diagnosis of COPD meeting spirometric criteria for diagnosis of COPD (FEV1/FVC 

ratio <0.7) (as recorded in their primary care records) 
 
Exclusion criteria 

 Any previous diagnosis of bronchiectasis, cystic fibrosis, interstitial lung disease, lung 
cancer, alpha-1 anti-trypsin deficiency or other chronic respiratory disease not related 
to COPD or asthma. 

 Co-existent active diagnosis of asthma (reviewed in the last 2 years) 
 Currently prescribed an ICS, or had a prescription for ICS in the last 2 years. 
 Regularly takes oral steroids, or has been regularly taking oral steroids in the last 2 

years. Regular use of oral steroids will in general be defined as a longer than 2 week 
course, although discrete short courses with tapering are acceptable for inclusion. 

 Prior inclusion in a clinical trial of an investigational medicinal product for airways 
disease in the last 90 days or which may involve administration of oral or inhaled 
steroid treatment. 

Screening for participants 

I provided GP practices with an electronic search I had built in EMIS Webb (Appendix H). 

Because of the issues with spirometry coding that I was aware of through preliminary work 

                                                      
a With the exception of two practices who came on board while I was on maternity leave, where these visits 
were undertaken by an interim trial manager. 
b EMIS Web is the patient operating system used by all Oxfordshire GP practices. 



on the CPRD study, and my own clinical experience, I did not want to include spirometry in 

the search and exclude potentially eligible participants, and so I asked practices to conduct 

a further manual check of eligibility to include whether patients had eligible spirometry, 

and whether there were any other reasons they should not be invited for a research study, 

such as receiving end-of-life care or having severe dementia. However, this manual check 

was not performed by all practices, and some sent postal invitations to all patients 

identified by the electronic search. I asked practices to complete a screening log to record 

any patients excluded and with reasons, as well as to provide the total number of patients 

on their COPD register, however the former was so variably completed or missing that I 

was not able to use the data, and the latter I could obtain from publicly available data (see 

Table 3.2 legend). 

Practice administrative staff then sent a letter out to eligible patients, which contained a 

cover letter personalised with GP practice details (Appendix I), Participant Information 

Sheet (Appendix J), a reply slip to provide contact details, and a prepaid envelope (to return 

the reply slip to the Nuffield Department of Primary Care Health Sciences, University of 

Oxford). 

I had originally planned for GPs to follow up the postal invitation with a short telephone 

call to participants to remind them about participation, but the ethics committee 

requested that I remove this from the protocol on the grounds that it was potentially 

coercive. Having gained experience in running clinical research studies in my own GP 

practice since this time, this is actually a commonly used technique for increasing 

recruitment rates to studies, but is practically difficult to do given GP workload, so I think 



not having this recruitment strategy is unlikely to have affected recruitment rates 

significantly. 

Following receipt of the reply slip, I contacted the patient by telephonea and confirmed 

eligibility using standardised questions in the online Case Report Form (CRF) (discussed in 

Section 3.2.3 below). I then invited them to attend a research clinic held at their GP practice 

(which I had previously arranged with the research nursing team and practice 

administrative staff). I planned to arrange home visits in situations where the patient could 

not travel to their surgery, but this was not in fact necessary. 

At the baseline appointment, I aimed for a further check of eligibility to take place in 

conjunction with the electronic health record, to include spirometry results which 

participants would be unlikely to know themselves. However, the eligibility check was not 

performed for all participants, but this did not come to light until most participants were 

nearing or had completed follow-up. When it was completed in retrospect, there were 

issues with confirming eligible spirometry, in that previous results were not easily visible 

or available. With hindsight, this was a difficult inclusion criterion and also not very 

pragmatic for the way in which these patients are managed in primary care; I concluded 

that I would keep all patients in the study, but perform a sensitivity analysis just including 

those who had eligible spirometry recorded at the baseline appointment for the key 

analyses. 

                                                      
a This was done by Clinical Trials Unit staff whilst I was on maternity leave. 



Informed consent 

The member of the study team who conducted the baseline appointment was responsible 

for taking informed consent, and needed to have Good Clinical Practice training for this 

purpose. Participants were given opportunity to ask questions and then were asked to 

complete an Informed Consent Form (ICF) for participation in the study (Appendix K). 

3.2.3 Baseline characteristics 

Box 3.2 summarises demographic, general health and disease-related characteristics which 

were recorded for all participants at the baseline appointment. This was predominantly 

recorded from the participant but using corroboration with the medical record for details 

which might be hard to remember or in the case of queries. It has been shown that patients 

can accurately remember the number of exacerbations they have in a year, with a high 

concordance between recall and those recorded on diary card (agreement 93.3%, 

Kappa=0.6146),112 suggesting it is appropriate to use patient-reported information. 

The detailed CRFs for the study can be found in Appendix L. These were designed iteratively 

with feedback from study nurses and a data manager. I aimed to collect sufficient data for 

useful analysis while trying to minimise quantity of information needed, to reduce 

appointment time for participants and study nurses. Data were inputted into the CRFs at 

the time of the appointment using a secure online platform (OpenClinica). Data arriving on 

paper e.g. blood results print-outs, respiratory questionnaires, were entered in duplicate 

by CTU staff to reduce error rates. Any queries were raised by the Clinical Data Manager 

and addressed usually by the person who had inputted the data. 



Box 3.2: Baseline characteristics gathered for COMET study participants 

Sex 
Age 
Smoking status 
Medical history 
 
 
COPD history 
 
 
 
 
Smoking history 
 
Respiratory 
medication 
Other 
concomitant 
medication  
 

 
 
 

- including specific questions on asthma, heart failure, hypertension, 
cancer, hay fever, eczema, autoimmune condition, any other 
chronic condition, and previous steroid use 

- including date of COPD diagnosis, date and details of eligible 
spirometry, date of last exacerbation, number in previous year (and 
for each, whether treated at home/hospital and with steroids, 
antibiotics, nebulisers and/or respiratory support), and number in 
previous two years 

- including (for smokers or ex-smokers), start and quit dates, number 
of years, what smoked, and number smoked per day 

- all (including non-current), with start date and stop date, and last 
time inhalers had been taken if current 

- only those current and considered medically relevant e.g. oral, nasal 
sprays (to avoid study nurses needing to type lots of unnecessary 
details about stoma bags, topical preparations etc.) 

At subsequent appointments, fields were pre-populated with information given at the 

baseline appointment and the study nurse just had to confirm whether there had been any 

changes to medication, medical or COPD history e.g. exacerbations in the interim period. 

3.2.4 Respiratory questionnaires 

At each appointment, participants were asked their MRC breathlessness scale and to 

complete the COPD Assessment Test (CAT) and Clinical COPD Questionnaire (CCQ) 

(Appendix M). These are both self-administered COPD-specific questionnaires which take 

1-3 minutes to complete, containing 8 or 10 items on a 5 or 7-point Likert scale, 

respectively.113-115 I selected these because they are both well-validated for assessing 

symptoms and disease-related quality of life; the CAT is widely used, and the CCQ is most 

relevant to primary care.115 I sought and was granted permission from the author for use 

of the CCQ. 



3.2.5 Study measurements 

These included physical examination, FeNO, spirometry, laboratory blood tests and near-

patient blood tests, which are discussed in turn. I received training in use of spirometry, 

FeNO and point-of-care machines, from respiratory nurses or the manufacturer’s 

representative as appropriate, and used these, along with my existing clinical experience, 

to produce a set of working instructions for the study nurses (Appendix N), to ensure 

standardisation of practice between individuals, and the first appointments were done 

jointly with study nurses so that we could discuss techniques, and iteratively revise the 

working instructions. Details which would be useful for the routine clinical care of patients 

and particularly those which would be useful for fulfilling Quality and Outcomes 

Framework criteria e.g. spirometry results, were entered into the practice health record. 

Physical examination 

Height and weight of participants were recorded (for use in spirometry calculations), and 

oxygen saturations using pulse oximetry. The pulse oximeter was carried in the study kit; 

weighing scales and height measurers relied on equipment already present in the GP 

practice. 

Fraction of exhaled nitric oxide (FeNO) 

I selected to use the NIOX VERO® machine (Aerocrine/Circassia, UK) (Figure 3.2) which is a 

portable device and widely used in the field. I purchased the machine and it was used in 

accordance with the manufacturer’s instructions (incorporated into working instructions, 

Appendix N). 



Figure 3.2: NIOX VERO® machine used to measure FeNO 

 

The test was done before spirometry and before administration of salbutamol inhaler. The 

demo mode was used first to explain to the participant what they needed to do. The 

participant was allowed up to three attempts using the standard 10-second measurement 

and then proceeded to try for up to three attempts with the 6-second measurement, in 

accordance with advice from the manufacturer. 

Spirometry 

We used the Microlab Mk8 Spirometer, which is widely used in existing clinical practice in 

Oxfordshire (personal communication with local practice nurses), in accordance with 

standardised spirometry guidelines.116 A calibration syringe was used to check the machine 

before each use, and annual re-calibration also took place. A checklist of contra-indications 

to spirometry was checked before performing spirometry, as part of the CRF (see Appendix 

L), and we also recorded time of last smoking and inhalers, as applicable. Participants were 

asked to avoid smoking, drinking alcohol, doing vigorous exercise, having a heavy meal or 

using their salbutamol inhaler for the few hours before the appointment. 

Pre- and post-bronchodilator spirometry was undertaken, in order to establish reversibility 

and to measure post-bronchodilator spirometry in accordance to gold standard for testing 



in COPD.10 A 20-minute gap was allowed between administration of salbutamol inhaler and 

post-bronchodilator spirometry being performed. If the patient had not remembered to 

bring their inhaler, spirometry was still counted as post-bronchodilator if they had used a 

long-acting bronchodilator in the last 12-24 hours. Significant reversibility was defined as 

an increase in FEV1 of ≥12% or ≥200ml;117 this was recorded because it has been associated 

with eosinophilia118 however it is no longer routinely recommended by guidelines as part 

of COPD diagnosis due to concerns about repeatability.10,13,119 

Laboratory blood tests 

A venous blood sample was taken using standard phlebotomy techniques, into serum, 

lithium-heparin and EDTAa tubes. 

The lithium-heparin and EDTA tubes were for full blood count and CRP, and were 

requested, transported to the Oxford University Hospitals NHS Trust (OUH) laboratory, and 

subsequently processed via the routine pathway from GP practices. For these tests, results 

were transferred back to the practice using the routine system for notifying laboratory 

results to practices, and were checked in the normal way (coming into the GP’s electronic 

‘lab reports’ in-tray on EMIS Web). Research staff then extracted this data when returning 

to the practice for subsequent clinics, and/or at the end of the study. This ensured that any 

unexpected abnormalities e.g. severe anaemia, could be dealt with promptly by the 

participant’s usual clinician in conjunction with the full background information, and meant 

that results were available in the participant’s notes for future use. 

                                                      
a EDTA: Ethylene-diamine-tetra-acetic acid (standard tube for taking full blood count samples) 



The serum sample was also transported to the OUH using routine transport from practices. 

It was then centrifuged, transferred to 2ml aliquots and stored in OUH freezers. Aliquots 

of serum were transported as a frozen batch to Viapath Ltd, a laboratory based in Kings 

College London, for testing for periostin – this used manual ELISA (enzyme-linked 

immunosorbent assay). The remaining aliquots were stored long-term in OUH freezers for 

use in future ethically-approved studies. 

I produced a special COMET study label for use on serum samples in conjunction with the 

head of the OUH Biochemistry laboratory, for identification to laboratory staff so that the 

samples were processed correctly. This also featured instructions for study and practice 

staff on how to keep the sample if it could not be transported to the laboratory the same 

day (to refrigerate the serum sample and keep the others at room temperature, 

centrifuging the lithium-heparin sample if possible). However, in setting up research 

appointments, I planned these so that they were timed before the last laboratory transport 

of the day. 

Near-patient blood tests 

To test the accuracy of near-patient eosinophils compared to laboratory eosinophils, we 

used the Hemocue® WBC-DIFF machine (HemoCue AB, Ängelholm, Sweden) (Figure 3.3) 

which was the only point-of-care machine available in the UK for measuring eosinophil 

counts, which was provided on loan by the company for the purpose of the study. The 

HemoCue® device complies with the In-Vitro Diagnostic Medical Device Directive 98/79/EC 

and carries the European Community (EC) mark. The device works by using a disposable 

microcuvette pre-loaded with reagent, which haemolyses the red cells and then stains the 



nuclei of white cells with methylene blue, which can then be analysed using image analysis 

technology (photomicroscopy).120 

A finger prick sample was obtained using a lancet and the machine used in accordance with 

the manufacturer’s instructions (incorporated into working instructions, Appendix N), for 

example using a large bore lancet, avoiding squeezing the finger, and wiping away the first 

drop of blood obtained. 

Figure 3.3: Hemocue® WBC-DIFF machine used for measuring near-patient eosinophils 

 

As any difference in results between near-patient and laboratory eosinophils might 

plausibly be due to the difference between capillary and venous eosinophilsa we tested 

both a capillary and venous sample from each patient on the point-of-care machine. Other 

aspects of the white cell count differential outputted by the Hemocue® machine were also 

recorded (total white cell count, neutrophils and lymphocytes). Blood was transferred from 

the EDTA tube using a DiffSafe® blood dispenser device, as recommended by the OUH 

laboratory and in accordance with the manufacturers’ instructions. 

                                                      
a Discussion on this with a consultant laboratory haematology suggested that there might be higher values in 
capillary samples as this would be more reflective of tissue contents where eosinophils are higher,37 and 
leucocyte counts have been found to be significantly higher in finger prick samples compared to venous blood 
(p<0.001), particularly granulocytes.121 



I had also initially planned to validate the machine measurements using manual blood films 

(capillary and venous, made at the time of taking the sample and then at the time of 

laboratory processing, from twenty consecutive samples), to try to explain any difference 

in results which might relate to eosinophil morphology or delay in processing of sample, 

and as manual blood films are the gold standard in full blood measurements compared to 

automated machines.122 I underwent training in making manual blood films, but it was not 

straightforward and was going to be difficult to train study nurses in the technique. I 

therefore conducted a brief interim analysis of results halfway through the study (March 

2018) to see whether it was likely to be necessary. The mean difference between 

laboratory and POC venous results (n=121) was 0.01x10*9/L (SD 0.05, p=0.14) and 

between POC capillary and POC venous results (n=164) was 0.01x10*9/L (SD 0.07, p=0.08). 

Along with further discussion with haematology specialist colleagues, I concluded that this 

small difference (unlikely to be clinically significant even with more data to increase 

power), was not sufficient to justify the large practical difficulty of assessing manual blood 

films, and so submitted a protocol amendment to remove this part of the study plan. 

3.2.6 Follow-up and discontinuation/withdrawal 

I chose four measurements over six-months as a pragmatic period to assess, during which 

eosinophils would vary if they were going to (half-life is approximately 18 hours and they 

have a mean blood transit time of 26 hours)37 but where this was unlikely to be due to 

underlying progression of disease state; as well as the considerations of not having too 

lengthy a follow-up within the time constraints of a doctoral project, and based on PPI 

feedback (see Section 3.2.10 below). Follow-up appointments were arranged where 

possible at the previous appointment, or if not by telephone in the interim period. Where 



participants did not attend follow-up appointments, I contacted them by phone several 

times and left messages, but stopped if no response after several attempts as I did not 

want to be intrusive, and they were then counted as lost to follow-up. 

Criteria for discontinuation and withdrawal were as follows: 

 Ineligibility (either arising during the study or retrospectively having been 

overlooked at screening). N.B. Starting an ICS during the study did not result in 

withdrawal. 

 Significant protocol deviation 

 Significant non-compliance with treatment regimen or study requirements 

 Withdrawal of consent 

 Loss to follow up 

If withdrawal from the study was due to loss to follow up, data already collected were used 

in analysis (and their health records were checked to establish any reason for loss to follow 

up e.g. death). If a participant stated a wish to withdraw, they were asked whether they 

wished their existing data to be excluded. Details were recorded in the CRF (Appendix L). 

The end of the study was defined as the last visit of the last participant. 

3.2.7 Participant survey 

At the final visit, participants were given a survey to complete and place in a sealed 

envelope, which asked for feedback on the acceptability of tests being incorporated into 

the routine COPD annual review, as process evaluation. 

There was no existing questionnaire instrument available for these novel tests or validated 

on this specific population, so I designed a survey for this purpose using published 

recommendations for questionnaire development.123,124 I therefore developed the survey 



using examples from the literature (i.e. other surveys which had been designed to assess 

acceptability of POC tests compared to standard laboratory measurements).70,125,126 

Questions aimed to assess attitudes and beliefs in relation to testing in COPD, the annual 

review and the specific tests used in the study. These were a mixture of closed and open 

questions, to enable rapid answers which could be easily compared between participants, 

but also to enable a richer assessment of opinions giving participants the opportunity to 

respond in as much detail as they chose.123 

Box 3.3 summarises the questions asked by the survey and the whole survey is shown in 

Appendix O. Questions were a combination of Visual Analogue Scale (VAS) responses and 

free text boxes. VAS was used for closed questions as it enabled more detailed assessment 

on a continuous scale.70 

Studies have shown the low response rates are often due to participants being unable to 

easily read or follow the questionnaire,127 which is relevant even where the sample is pre-

selected. I therefore spent considerable time focusing on the design and layout of the 

survey, so that it was accessible with large font, colour pictures, and an uncramped style 

with short, easy to understand questions. It contained an example page with instructions, 

and descriptions and colour photographs of the different tests, which served as a reminder 

to participants. I used a mixture of positively and negatively framed questions in order to 

avoid a positive skew towards the responses which might be perceived as pleasing the 

research staff (social desirability bias). 

It is important that pilot respondents of the questionnaire should be as similar as possible 

to those to whom the survey is aimed,123 so after piloting with academic colleagues for 

feedback on the question format and structure, I asked my PPI representative who is a 



patient with COPD, to complete it. He had no further feedback and thought it was clear 

and well-presented. 

In addition to the main questionnaire, the survey also asked participants whether they 

would be willing to be contacted in future to discuss their opinions in more detail, which 

would form the basis of a future qualitative study. This was on a separate perforated page 

so that it could be detached and kept separately to the CRF material. 

After completing the survey, participants were given a £30 gift voucher to thank them for 

their time in participating and to cover any incidental travel expenses. They were asked to 

sign a form to confirm that they had received the voucher, for financial administration 

purposes. 

The VAS was a ten-centimetre scale recorded to the nearest one centimetre. Two data 

entry staff made measurements independently, and any discrepancies were checked. 

Quantitative survey questions were analysed descriptively, with the VAS assessed on a 

continuous scale (1-10) and presented as mean and SD. Free text comments were analysed 

using thematic analysis, by grouping into themes and presenting the richer responses in 

full. 

 



Box 3.3: Questions featured in participant survey (Visual Analogue Scale except where 
stated as free text) 

About the blood tests 
 I found the blood test from my arm uncomfortable 
 I found the blood test from my finger uncomfortable 
 I don’t mind putting up with the discomfort of a blood test if it helps with managing my 

COPD 
 I would be happy to have a finger prick blood test as part of my COPD annual review 
 I would be happy to have a blood test from my arm as part of my COPD annual review 
 Any thoughts or comments about the blood tests and the process of getting the blood 

tests (free text) 
 
About the breathing tests 

 I find spirometry is easy to perform 
 I find FeNO is easy to perform 
 The visual display made it easier for me to understand how to use the FeNO machine 
 I would be happy to have FeNO as part of my COPD annual review 
 Any thoughts or comments about the breathing tests and the process of doing this 

(free text) 
 
About the COPD annual review 

 I find the annual review helpful 
 In general, I feel happier if I have had a lot of tests 
 I would like to have instant feedback on my results (rather than having to wait for a 

result of a test) 
 I would be more motivated to look after my COPD because of additional testing 
 Having these tests regularly would strengthen my relationship with my GP or nurse 
 Any thoughts or comments about the COPD annual review and extra testing in general 

(free text) 
 
About being in this study 

 I have enjoyed being part of this study 
 What did you find worked well? (free text) 
 What did you find made it difficult? (free text) 
 What would have made it easier for you? (free text) 
 Any additional comments about the study (free text) 

 

3.2.8 Statistical analysis 

I used Stata (Release SE13 64-bit) for all analysis. In general, data are presented as mean 

with standard deviation (SD), median with interquartile range (IQR) or hazard ratios (HR) 

with 95% confidence intervals (CI). Division of baseline characteristics into categories for 

non-binary variables was based on what seemed clinically sensible, or to achieve 



approximately equal groups, and based on what has been used in other primary care COPD 

studies.128 The Charlson comorbidity index was used to categorise comorbidities recorded 

in addition to COPD.93 Participants were also divided into those with or without atopy; with 

or without history of asthma; those on no, single, or dual bronchodilator therapy; 

exacerbation frequency (0, 1 or ≥2 in year prior); NICE airflow limitation classification;10 

and MRC breathlessness scale. Respiratory symptom questionnaire scores were analysed 

on a continuous scale as used in other studies.128 Further specific details of categorisations 

are given as footnotes to the baseline characteristics table (Table 3.3). 

For description of baseline characteristics which were repeated during the study, I used 

the first value for each participant.a Exacerbations during follow-up were described 

descriptively because the study was neither powered nor sufficient duration to robustly 

assess outcomes. 

Further details of statistical methods relating to specific study objectives, and sensitivity 

and subgroup analyses, are presented (in conjunction with CPRD statistical methods where 

relevant) adjacent to the relevant results sections (Chapters 4 and 7), due to significant 

overlap in methods and to enable easier reading. 

Missing data 

I expected data to be well-recorded by study nurses, so I planned complete case analysis, 

using however many eosinophil counts were available. For methodological validation, I 

planned to perform a descriptive comparison of baseline characteristics by those who had 

                                                      
a I considered whether to use the last eosinophil value, to enable better comparison with the CPRD cohort, 
but decided against as it would be overly complex to transfer baseline characteristics to the final value, and 
this is both non-intuitive and there are already more important differences between the two cohorts of 
patients. 



full eosinophil data and those who had incomplete (fewer than four) values. However, as 

numbers of missing data were small we subsequently concluded that this was likely to be 

meaningless. 

For respiratory questionnaires where missing responses were likely, I followed 

recommendations for calculating the score as detailed in the validation studies for these 

questionnaires.113,114 

Sample size 

This was a preliminary study designed to gather further information on biomarkers of 

interest in a primary care population, where very little data currently exist, which made it 

hard to find information on which to base a detailed sample size calculation. 100 

participants with four appointments per participant was selected as a pragmatic number 

which would also be acceptable to patients, based on PPI feedback. 

3.2.9 Ethical approval 

I submitted the application to ethics and it was approved (South East Scotland Research 

Ethics Committee 02 (reference 16/SS/0135)); this was after clarification was provided for 

the committee about various points and the PIS had been changed to be less ‘coercive’ and 

the phone call to potential participants by the GP had been removed from the protocol. I 

also received feedback and approval at various stages from the University of Oxford Clinical 

Trials and Research Governance team, Health Research Authority (HRA), and NIHR Clinical 



Research Network (Thames Valley and South Midlands). The study is registered on the 

ISRCTNa primary clinical trial registry (registration number 12181464). 

3.2.10 Patient and public involvement 

I have given presentations and received feedback from the Banbury ‘Breathe Easy group’b 

on three occasions, at the time of submitted the funding application, developing the 

project ideas, and for further refinement of the protocol methods. Particularly, they gave 

feedback on the inclusion of non-smokers in the study, reducing the number of 

appointments from six to four, and the display mode to use as standard when using the 

FeNO machine. 

I subsequently appointed a patient representative (a man in his seventies living with 

COPD), who inputted into the study protocol and reviewed study documents, giving critical 

feedback (for example, making it clearer the duration of appointment visits on the cover 

letter), and he helped with selection of the COMET study logo (Figure 3.4). He specifically 

suggested that GPs should contact potential participants alongside the mail invitation, to 

provide a personal touch and enhance recruitment, but this was subsequently removed 

following ethics committee feedback that this was overly coercive. 

                                                      
a ISRCTN: International Standard Randomised Controlled Trials Number 
b The Breathe Easy groups are under the umbrella of the British Lung Foundation and are patient support 
groups for those with chronic respiratory conditions, but especially COPD (https://www.blf.org.uk/support-
for-you/breathe-easy) 



Figure 3.4: Proposed logos for the COMET study, designed to include concepts around 
lungs and eosinophils. The patient representative selected the bottom logo. 

 

 Practice and participant recruitment 

22 practices expressed interest in the study, which proceeded to the study being set up in 

17 practices in Oxfordshire. Of the 5 which did not proceed with study set-up, 1 did not 

identify any eligible patients on their preliminary search, 2 decided not to proceed with 



becoming a research practice,a and 2 were unable to participate due to another COPD 

study recruiting at those practices. 

Table 3.2 shows the participating practices, with details about their population and COPD 

prevalence, and summary of recruitment statistics. Overall, 21.0% (623/2,960) of the COPD 

population were identified as eligible for the study and received the mail out, with a range 

6.1 to 31.5%. Response rate was 18.3% (114/623) but also varied widely between practices 

(range 0.0 to 38.2%). 

Figure 3.5 shows monthly and cumulative accrual. The study start date was delayed due to 

delays with the HRA (this was the first study in the department to go through the new HRA 

process in 2016). I had planned for the study to run for 18 months (12 months’ recruitment 

with 6 months’ follow-up) but recruitment slowed substantially during my maternity leave 

(March 2017 – February 2018) so I applied for two extensions and the study then ran for 

28 months (January 2017 – April 2019). 

Learning points for me in relation to the process of practice and patient recruitment 

included spirometry requirements being overly complicated and time-consuming for GPs 

doing the searches to deal with, not using Docmail which would have made the mail-out 

process more straightforward, and the difficulties of maintaining administrative rigour in 

study-set up and appointment scheduling without a permanent trial manager whilst I was 

on maternity leave (loss to follow-up, described later, was also much higher during this 

time). 

                                                      
a The study was popular with practices new to undertaking research because of the straightforward nature 
of the study and study nurses coming in to see patients, with minimal involvement needed from practice 
staff (although it was funded via the Clinical Research Network as a site-based study). 





Figure 3.5: Participant accrual by month (bars) and cumulatively (line) 

 

 Data management 

Data management was vastly more straightforward for the COMET study compared to the 

CPRD study, due to the smaller numbers and that the data had been entered by a small 

number of people with whom queries could be checked directly. I provided a set of 

plausible values for results to the data management team and they checked any 

discrepancies. Specific data management decisions are detailed as footnotes to Table 3.3. 

 Overall cohort demographics 

Figure 1.6 shows the flow chart of participants to arrive at the final 95 patients included in 

the study cohort. Although 96 were recruited, one was found in retrospect to have been 

on an ICS-containing inhaler at the start of the study which was an exclusion criterion. 

There was a 90.5% attendance rate of planned follow-up with a mean 3.6 visits per 

participant. Time in the study ranged from 0-39 weeks (median 24, IQR 24-26), with a total 
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follow-up time of 42.3 years. For those who had more than one visit (n=91), time between 

visits ranged from 6.5-15.9 weeks (median 8.3, IQR 8-9). Table 3.3 summarises baseline 

characteristics of the study cohort; results from the CPRD study are shown alongside for 

comparison, discussed further in Section 3.6.2 below. 



 

 

a n=7 participants attended a final visit but had not attended all four study visits due to being unable to attend 
clinic times/did not attend, which could not be rescheduled 

 

623 Invited to participate in study 

114 Responded to invitation 

18 excluded: 

 6 Ineligible for study on further screening 
12 Unable to attend planned clinics or not  

  attending baseline appointment 

96 Recruited to study 

1 excluded: 
1 Taking ICS throughout study 

95 Included in main analysis 

15 Did not complete study: 
     10   Loss to follow up/did not attend 
            3       Health reasons 
             1       Withdrew consent 
            1 Died 

80 (84.2%) attended a final visit 344 visits occurred (mean 3.6 per participant)  
(90.5% attendance rate)a 
  4 (4.2%)           1 visit 
      6 (6.3%)              2 visits 
         12 (12.6%)          3 visits 
        73 (76.8%)         4 visits 

Figure 3.1: Study recruitment flow chart 



 

Table 3.3: Baseline characteristics of overall study cohort 

Variable (n=95) n (%) unless stated CPRD results for 
comparison (n (%) 
unless stated) 
(n=30,378) 

Demographic characteristics 
Age (mean, SD, range) 70.6 (9.27) (41-90) 67.6 (10.8) (40-99) 
Age group in years 
  40-49 
  50-59 
  60-69 
  70-79 
  80-89 
  >=90 

 
1 (1.1) 
9 (9.5) 
30 (31.6) 
40 (42.1) 
14 (14.7) 
1 (1.1) 

 
1,748 (5.8) 
5,273 (17.4) 
9,889 (32.6) 
9,071 (29.7) 
4,136 (13.6) 
261 (0.9) 

Female sex 29 (30.5) 13,288 (43.7) 
Respiratory disease characteristics 
Smoking statusa 
  Non-smoker 
  Passive 
  Ex-smoker 
  Current 

 
0 (0.0) 
2 (2.1) 
58 (61.1) 
35 (36.8) 

 
 
 
16,313 (54.0) 
13,910 (46.0) 

Smoking pack yearsb (mean, sd, range) 40.1 (28.6) (1-138)  
Asthma history (>2 years previously) 3 (3.2) 4,678 (15.4) 
History of atopyc 25 (26.3) 7,945 (26.2) 
Exacerbations in last year 
    0 
    1 
   >=2 
    Of which hospitalised 
Exacerbations in last two years 
    0 
    1 
    >=2 

 
67 (70.5) 
22 (93.7) 
6 (6.3) 
0 (0.0) 
 
59 (62.1) 
21 (22.1) 
15 (15.8) 

 
15,126 (49.8) 
9,430 (31.0) 
5,822 (19.2) 
 

Maintenance medications at baseline 
  No maintenance treatment 
  Single long-acting bronchodilator 
    LAMA 
    LABA 
  Dual long-acting bronchodilatord 

 
42 (44.2) 
43 (45.3) 
  34 (35.8) 
  9 (9.5) 
10 (10.5) 

 

General health characteristics 
Charlson co-morbidity indexe 
    0 
    1 
    ≥2 

 
67 (70.5) 
18 (19.0) 
10 (10.5) 

 
18,835 (62.0) 
4,524 (14.9) 
7,019 (23.1) 



 

Variable (n=95) n (%) unless stated CPRD results for 
comparison (n (%) 
unless stated) 
(n=30,378) 

Co-morbidities 
  Heart failure 
  Hypertension 
  Cancerf 
    Active 
    Past 
  Hay fever 
  Eczema 
  Autoimmune conditiong 
  Any other chronic condition 
  Previous long-term oral steroid use 
  Other relevant long-term medicationsh 

 
9 (9.5) 
45 (47.4) 
14 (14.7) 
  2 (2.1) 
  12 (12.6) 
12 (12.6) 
11 (11.6) 
17 (17.9) 
50 (52.6) 
0 (0.0) 
4 (4.2) 

 
 
 
 
 
 
 
 
 
 
 
 

Body mass index (kg/m2) (mean, sd, 
range) 

28.1 (5.06) (17.5-
42.8) 

 

Baseline assessment and laboratory results 
Spirometryi 
  FEV1 (L) (mean, SD, range) 
  FVC (L) (mean, SD, range) 
  FEV1/FVC ratio (%) (mean, SD, range) 
  FEV1 (% predicted) (mean, SD, range) 
    Mild (≥80%) 
    Moderate (50-80%) 
    Severe (30-50%) 
    Very severe (<30%) 
  Positive bronchodilator reversibility 
(n=70) 

 
1.81 (0.63) (0.56-
3.41) 
2.97 (0.99) (0.98-
5.61) 
62.3 (14.6) (33-99) 
68.3 (17.7) (25-110) 
28 (29.8) 
51 (54.3) 
14 (14.9) 
1 (1.1) 
22 (31.4%) 

 
 
 
 
 
2,737 (13.5) 
11,219 (55.2) 
5,468 (26.9) 
907 (4.5) 

MRC breathlessness scale 
  1 
  2 
  3 
  4 
  5 

 
19 (20.0) 
55 (57.9) 
15 (15.8) 
6 (6.3) 
0 (0.0) 

 
1,901 (16.2) 
5,122 (43.7) 
3,143 (26.8) 
1,367 (11.7) 
182 (1.6) 

Oxygen saturation (%) (mean, sd, range) 95.0 (2.55) (85-99)  
Respiratory symptom questionnairesj 
  CCQ (mean, sd, range) 
  CAT (mean, sd, range) 

 
1.47 (1.03) (0.10-
4.89) 
13.19 (7.29) (1-32) 

 

Laboratory blood measurements 
(geometric mean, range)k 
  Haemoglobin (g/L) 
  Total white cell count (x10*9/L) 
  Neutrophil count (x10*9/L) 
  Lymphocyte count (x10*9/L) 
  Eosinophil count (x10*9/L) 
    Low eosinophils (<0.15) (n,%) 
    High eosinophils (≥0.15) (n,%) 

 
 
141.2 (114-170) 
7.19 (3.46-12.59) 
4.40 (1.44-8.14) 
1.77 (0.79-4.35) 
0.152 (0.01-0.71) 
41 (44.1) 
52 (55.9) 

 
 
 
7.44 (3.00-14.90) 
4.39 (1.00-12.80) 
 
0.20 (0.01-1.48) 
5,615 (30.8) 
12,620 (69.2) 



 

Variable (n=95) n (%) unless stated CPRD results for 
comparison (n (%) 
unless stated) 
(n=30,378) 

    Low eosinophils (<0.34) (n,%) 
    High eosinophils (≥0.34) (n,%) 
  Eosinophil count (% white cell count) 
  C-reactive protein (mg/L) 
    Low CRP (≤5mg/L) 
    High CRP (>5mg/L) 

80 (86.0) 
13 (14.0) 
2.12 (0.11-9.67) 
2.51 (0.2-55.1) 
71 (75.5) 
23 (24.5) 

14,692 (80.6) 
3,543 (19.4) 
2.70 (0.07-23.91) 
 
2,920 (60.4) 
1,913 (39.6) 

For baseline characteristics, baseline result was used except where not available in which case result from 
subsequent visit used (laboratory bloods n=8, respiratory questionnaires n=1). For binary characteristics, only 
the affirmative is presented. 
a Type of smoking (missing for n=2) included cigarettes (n=58), roll ups (n=9), cigars (n=1) alone, or the above 
in combination, also including pipes and spliffs (n=23). 
b Smoking pack years is calculated as twenty cigarettes smoked each day for one year (missing data for n=5) 
and ranged from 1 to 138 (median 37.1, IQR 22.5 to 50). 
c Atopy diagnosed if participants had a diagnosis of eczema, asthma or hay fever recorded. 
d LAMA-LABA consisted of those with single inhaler LAMA-LABA (n=6) and those on both single agent inhalers 
(n=4). 
e Charlson comorbidity index refers to number of comorbidities recorded in addition to COPD.93 
f Excluding basal cell carcinomas. Active cancers were bladder cancer (operated, under follow-up, date not 
given) and chronic lymphocytic leukaemia (recently diagnosed). 
g Autoimmune conditions included psoriasis (n=8), hypothyroidism (n=4), coeliac disease (n=2), rheumatoid 
arthritis (n=2) and ulcerative colitis (n=1). 
h Other relevant long-term medications included methotrexate (n=2), leflunomide (n=1), hydroxychloroquine 
(n=2) and beclomethasone nasal spray (n=2) 
i Valid post-bronchodilator spirometry was available for n=80 (85.1%) (either after administration of SABD or 
had already taken LABD) (spirometry missing for n=1). Non-valid spirometry (where it was not clear whether 
the participant had had bronchodilators) was included in analysis as this reflects everyday practice. 
Reversibility was tested in n=70 participants (they underwent both pre- and post-bronchodilator spirometry), 
and these figures are given above. However, this was only truly valid for n=36 participants (positive in n=13 
(36.1%)) as the others had their pre-bronchodilator spirometry having already taken a SABD or LABD before 
the study visit. There was no significant association between positive reversibility and atopy (p=0.33) or 
asthma (p=0.11) although numbers were small for the latter. 
j CCQ score is the overall clinical COPD control score, calculated by adding all the scores together and dividing 
the sum by the number of questions. The overall score varies between 0 (excellent control) to 6 (extremely 
poor control).114 CAT score calculated as the total of composite score (up to two missing items set to the 
average of the non-missing item scores. The overall score varies between 0 (excellent COPD-related health 
status) to 40 (extremely poor COPD-related health status).113 
k Geometric mean used as these are known from existing studies to be non-normally distributed. One patient 
had a diagnosis of chronic lymphocytic leukaemia and so full blood count results were excluded from analysis. 
Where CRP given as <0.2, this was counted as 0.2. Full blood count results missing for n=2 and CRP result 
missing for n=1. Eosinophil values of zero were counted as 0.01 for all analyses requiring transformation. 
  



 

3.5.1 Missing data 

The main missing data issue related to spirometry recording and study eligibility. An 

inclusion criterion for the study was presence of spirometry diagnostic for COPD recorded 

in the electronic notes. Although this was recorded as being present for 94 participants, 

only 43/94 (45.7%) had an FEV1/FVC ratio recorded, which ranged from 35 to 93%. Only 34 

participants had a ratio <70%, meaning that only 34/95 (35.8%) met formal study inclusion 

criteria. At baseline, using study spirometry, 69/95 (72.6%) had a ratio <70%, which 

increased to 81/95 (85.3%) for diagnostic spirometry at any point during the study. This 

meant that 12/95 (12.6%) participants had no spirometry diagnostic for COPD either 

recorded in the notes or measured during the study. Given that these are people who are 

managed in primary care as having a diagnosis of COPD, pragmatically I decided to include 

them in main analysis, but conduct a sensitivity analysis of key analyses excluding these 

participants. 

3.5.2 Changes to baseline demographics during the study 

There was one new diagnosis of hypertension, and one new other chronic condition; one 

started a beclomethasone nasal spray between the baseline and second visit. One 

participant started a LAMA, one stopped a LAMA and one started an ICS (between the third 

and fourth visit). I had planned to conduct a sensitivity analysis excluding eosinophil results 

of those who started an ICS during the study, but given the single participant this would 

affect I concluded that this was unlikely to significant change results. 



 

3.5.3 Description of outcomes 

19/95 (20.0%) participants experienced 20 exacerbations during follow-up. Ten of these 

exacerbations were within two weeks of a study visit; eosinophil results from these visits 

were excluded in sensitivity analysis in case they were affected by either the exacerbation 

itself or prescription of oral steroids.2,3 One participant died during the study (over one 

month since her last study visit) of probable COPD-related causes in hospital (death 

certificate not available). 

 Discussion 

3.6.1 Summary of findings 

This chapter has described the methods of the COMET study, establishing an ICS-naïve 

cohort of patients with COPD in primary care, for answering specific thesis objectives in 

subsequent chapters. Baseline characteristics reflect a population of relatively mild 

patients with COPD: over two thirds had no exacerbations in the year prior to recruitment, 

most had mild/moderate airflow limitation severity, 44% were not using any maintenance 

treatment, and MRC breathlessness, CAT and CCQ scores were relatively low (Table 3.3). 

3.6.2 Strengths and limitations 

Planned sample size was reached, and over 90% of participants attended planned follow-

up. Recruitment was from practices serving a diverse range of communities within 

Oxfordshire. Table 3.2 compares practices included in the COMET study with both 

Oxfordshire and England practices as a whole. In general, Oxfordshire is less deprived and 

with a lower smoking and COPD prevalence, although practices included in the COMET 



 

study were slightly more towards the national average in terms of deprivation and smoking 

prevalence. 

Comparison of baseline demographics of participants between the COMET study and CPRD 

study (Table 3.3) enables some judgements to be made about generalisability; for example 

COMET participants were more likely to be older, male, with fewer co-morbidities, and 

with no history of asthma, as well as milder markers of disease severity as discussed above. 

However, the cohorts were not identical in terms of inclusion criteria, most importantly in 

that patients included in my CPRD study were recruited at the point of starting a new 

inhaled maintenance medication (including an ICS) i.e. probably at the point of 

deterioration of disease state; in contrast those in the COMET study were similarly ICS-

naïve but with no plans for initiation or up-titration of maintenance medication (and with 

44.2% receiving no maintenance treatment at recruitment). As we would expect, 

therefore, compared to CPRD those in the COMET study had fewer exacerbations (70.5% 

vs. 49.8% with no exacerbations in baseline year), better lung function (84.1% vs. 68.7% 

with mild or moderate airflow limitation)a and lower MRC breathlessness scale (77.9% vs. 

59.9% with MRC 1 or 2).  

As with all studies recruiting real participants, those choosing to participate in research 

studies will not represent the population eligible; our response rate to the postal invitation 

of 18.3% is broadly similar to those in other postal invitation studies.129 Response rate 

                                                      
a Although as discussed in Section 2.2.9 there was significant missing data for airflow limitation severity in 
CPRD.  



 

varied widely between practices (0.0 to 38.2%) which may relate to different levels of 

patient engagement in research. 

There was also a wide range (6.1 to 31.5%) in number of patients eligible for the study from 

the overall COPD population for each practice which may reflect differences in spirometry 

coding (where this was assessed for inclusion) or ICS prescribing patterns (i.e. varying 

tendency to prescribe ICS)a; given that COPD monitoring and maintenance treatment 

decisions are often managed by a single nurse within each practice, it is probable that 

individual practice has a larger impact on study eligibility than it would in a disease 

managed by multiple clinicians. 

A surprisingly high proportion (22%) of patients demonstrated positive bronchodilator 

reversibility, given that fixed airflow obstruction is one of the defining pathophysiological 

features of COPD.10 Although some patients with COPD will have a degree of variable 

airflow obstruction,10 this raises the question that these patients may actually have asthma 

rather than true COPD and may have been misdiagnosed (only 3.2% participants had a 

recorded past history of asthma). This is an important finding in terms of the primary care 

population who are being managed in everyday practice as if they have ‘standard’ COPD 

and may in fact have a more heterogenous disease state comprising COPD and asthma; 

this may also have implications in terms of eosinophil values (we would expect those with 

asthma to have higher eosinophils75), which is why I plan to exclude these patients in a 

sensitivity analysis of key analyses. 

                                                      
a Given that few practices completed the screening log, it is hard to establish the exact reasons for this. 



 

Due to missing data for spirometry on the participant records, or non-diagnostic 

spirometry recorded, only a third of patients met formal spirometry criteria for study entry. 

Missing and variable diagnostic spirometry findings are common in primary care COPD: a 

recent primary care database study130 investigating consistency of airflow obstruction in 

COPD over time found that FEV1/FVC ratio was only recorded in 86.9% patients coded as 

having COPD,a and of those where it was recorded, 11.5% had no evidence of airflow 

obstruction on any measurement, and it varied above or below the 70% threshold on 

repeated measurements in 36.1%, which fits with the COMET study findings. Given that 

patients with non-diagnostic spirometry are clearly managed in primary care as if they have 

COPD, the pragmatic solution for a study to be generalisable to practice was to keep these 

participants in the study but to plan sensitivity analysis excluding them. 

3.6.3 Comparison with other literature 

The baseline characteristics of the COMET cohort are not dissimilar to those found in other 

published prospective cohort studies across a range of settings and countries.47,131-137 

However, COMET participants are in general at a milder or earlier disease state, as we 

would expect because of the inclusion criteria that participants were ICS-naïve (in contrast 

to other studies where the majority were using ICS132,133,135), and, unlike in the CPRD study, 

they were not at the point of needing to initiate/step up maintenance treatment. For 

example, mean FEV1 percentage predicted in the COMET cohort was 68%, and in other 

studies ranged from 55 to 68%. This may also be explained by the fact that in other 

observational studies where eosinophils were not measured routinely as part of the 

                                                      
a This is considerably higher than the 45.7% who had FEV1/FVC ratio recorded in the COMET study CRF. This 
may relate to study nurses struggling to find where this was recorded in the notes, as well as to a lack of 
original recording. 



 

protocol, they tended to be measured more in those on ICS therapy and with frequent 

exacerbations, so elsewhere results for eosinophils are not necessarily reflective of the 

whole study population.135 

3.6.4 Conclusions 

This is a novel prospective cohort population of ICS-naïve patients with COPD in primary 

care. Baseline characteristics reflect a relatively mild population which could limit 

generalisability of later findings. Although duration of follow-up is relatively short and does 

not allow assessment of outcomes, this cohort should provide good ability to assess 

repeatability of eosinophils and assessment of the point-of-care device (where 

generalisability is less important in any case). 

In conclusion, COMET participants are likely to be broadly representative of the primary 

care COPD population as a whole, within the confines of this being a relatively stable, ICS-

naïve and therefore mild population. 

  



 

Chapter 4: Eosinophils in a primary care COPD 
population: variation and repeatability 

This chapter presents the results and discussion of the descriptive component of both the 

CPRD study (Aim Ia) and the COMET study (Aim I), integrated to enable comparison. Main 

methods for developing the cohorts were presented in Chapters 2 and 3 respectively, with 

detailed statistical methods presented at the start of each section. 

To summarise, the aims for this part of the study were as follows (section number in 

parentheses refers to where results for this objective are presented): 

CPRD Part Ia: To describe existing practice of blood eosinophil testing in ICS-naïve primary 

care patients with COPD in the period before starting a new inhaled maintenance treatment 

Including specific objectives: 

 To assess the number of routinely-collected blood eosinophil tests and to compare 

baseline characteristics of those who have an eosinophil count in their clinical 

record with those who have not, to assess validity of CPRD study findings (Section 

4.1) 

 To assess blood eosinophil distribution in the primary care COPD population 

(Section 4.2.2) 

 To assess the association between higher blood eosinophil counts and clinical 

characteristics (Section 4.3.1) 

 To assess within-person variation and stability over time of blood eosinophil counts, 

to decide whether the most recent value can be used in decision-making (Section 

4.4.3) 

COMET Part I: To describe biomarker levels including repeatability and variability in a 

prospective study 



 

Including specific objectives: 

 To assess blood eosinophil distribution in the primary care COPD population 

(Section 4.2.3) 

 To assess the association between higher blood eosinophils and clinical 

characteristics (Section 4.3.3) 

 To assess within-person variation and stability over time of blood eosinophil counts, 

to decide whether the most recent value can be used in decision-making (Section 

4.4.3) 

 Routine testing of eosinophils (CPRD only) 

4.1.1 Frequency of eosinophil count testing 

As we would expect for an observational study using routinely-collected data, not all 

patients (only 60.0%) had a valid eosinophil count available in their routine care records 

(Figure 4.1). 

Figure 4.1: Flow chart of included patients 

 

Earlier flow chart showing how those eligible were selected is shown in Figure 2.2. 
a Valid eosinophil counts were those within the 2 years prior to the index date, with extreme values (zero or 
≥1.5 x10*9/L) and those within 2 weeks of an acute event (exacerbation or pneumonia episode or C-reactive 
protein >100mg/L) excluded. See Section 2.2.5 for full details. 

30,378 Eligible patients 

12,143 excluded: 
10,929  No eosinophil count 
362  Data issues/extreme values 
852  Close to acute event 

18,235 Valid eosinophil count 
a 



 

Eosinophil testing (including non-valid values) occurred in 19,449/30,378 (64.0%) patients, 

with a median frequency of 2 tests per persona in the two years prior to index date (IQR 1 

to 3; range 1 to 42), although most patients had only had 1 test (Figure 4.2). 2 or more 

values were available for 51.9% patients (9,473/18,235). 

Figure 4.2: Frequency of eosinophil count testing (CPRD) 

  

This includes non-valid values for eosinophils to reflect overall testing frequency. Only those who had at least 
one test were included. 

The most recent value (which was what was used for primary analysis) was median 164 

days before the index date (IQR 55 to 339) (all values; median 185 days (IQR 66 to 365) for 

valid values only). Repeatability and variability of eosinophils for those with more than one 

value is discussed in Section 4.4 below. 

                                                      
a In those who had at least one test. 
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4.1.2 Baseline characteristics associated with eosinophil testing 

Table 4.1 shows distribution of patients by baseline characteristics according to whether 

they had a valid eosinophil count or not, to assess validity of CPRD study findings. Patients 

with a valid eosinophil count were more likely to be older, female, ex-smokers, with less 

frequent exacerbations, and with more GP consultations and co-morbidities, and receiving 

the influenza vaccination. Eosinophil testing also increased with increasing year of index 

prescription (p<0.001), suggesting an increased rate of testing with time. 

There was no significant difference in the primary outcome of time-to-first exacerbation 

comparing those with valid eosinophil count to those without in Cox regression (adjusted 

hazard ratio (n=28,614) 1.02 (95% CI 0.99 to 1.05, p=0.17).



 

Table 4.1: Distribution of patients by whether they had valid eosinophil count, by baseline characteristics 

Baseline characteristic Overall 
n=30,378 
n (%) 

No valid 
eosinophil count 
n=12,143 
n (%) 

Valid eosinophil 
count 
n=18,235 
n (%) 

Unadjusted odds ratio for 
valid eosinophil count vs. no 
valid eosinophil count 
(95% CI, p-value) 

Adjusted odds ratio for valid 
eosinophil count vs. no valid 
eosinophil count a 
(95% CI, p-Value) 

Demographic characteristics 
Age, mean (SD), years 67.6 (10.8) 65.3 (10.9) 69.1 (10.5) 1.03 (1.03-1.04), p<0.001 N/a 
Age group in years 
  40-49 
  50-59  
  60-69 
  70-79 
  80-89 
  >=90 

 
1,748 (5.8) 
5,273 (17.4) 
9,889 (32.6) 
9,071 (29.7) 
4,136 (13.6) 
261 (0.9) 

 
1,027 (8.5) 
2,595 (21.4) 
4,192 (34.5) 
3,075 (25.3) 
1,183 (9.7) 
71 (0.6) 

 
721 (4.0) 
2,678 (14.7) 
5,697 (31.2) 
5,996 (32.9) 
2,953 (16.2) 
190 (1.0) 

 
0.36 (0.32-0.40), p<0.001 
0.53 (0.49-0.57), p<0.001 
0.70 (0.66-0.74), p<0.001 
1.00 (ref) 
1.28 (1.18-1.39), p<0.001 
1.37 (1.04-1.81), p=0.03 

 
0.56(0.50-0.64), p<0.001 
0.75(0.70-0.82), p<0.001 
0.85(0.79-0.90), p<0.001 
1.00 (ref) 
1.15(1.05-1.25), p=0.002 
1.15(0.86-1.54), p=0.35 

Female sex 13,288 (43.7) 5,192 (42.8) 8,096 (44.4) 1.07 (1.02-1.12), p=0.005 1.15(1.09-1.21), p<0.001 
Socio-economic status b  
  1 (least deprived) 
  2 
  3 
  4 
  5 (most deprived) 

 
4,394 (14.5) 
6,167 (20.3) 
6,010 (19.8) 
7,433 (24.5) 
6,358 (20.9) 

 
1,702 (14.0) 
2,422 (20.0) 
2,430 (20.0) 
2,986 (24.6) 
2,600 (21.4) 

 
2,692 (14.8) 
3,745 (20.6) 
3,580 (19.7) 
4,447 (24.4) 
3,758 (20.6) 

 
1.00 (ref) 
0.98 (0.90-1.06), p=0.67 
0.93 (0.86-1.01), p=0.11 
0.94 (0.87-1.02), p=0.20 
0.91 (0.84-0.99), p=0.03 

 
1.00 (ref) 
1.00(0.92-1.09), p=0.95 
1.01(0.93-1.10), p=0.75 
1.07(0.99-1.16), p=0.10 
1.09(1.00-1.19), p=0.06 

Respiratory disease characteristics 
Smoking status b 
  Ex-smoker 
  Current smoker 

 
16,313 (54.0) 
13,910 (46.0) 

 
5,778 (47.9) 
6,277 (52.1) 

 
10,535 (58.0) 
7,633 (42.0) 

 
1.00 (ref) 
0.67 (0.64-0.70), p<0.001 

 
1.00 (ref) 
0.90(0.86-0.95), p<0.001 

Asthma history 
  No asthma history 
  Past asthma 
  Current asthma 

 
24,453 (80.5) 
4,678 (15.4) 
1,247 (4.1) 

 
9,454 (77.9) 
2,112 (17.4) 
577 (4.8) 

 
14,999 (82.3) 
2,566 (14.1) 
670 (3.7) 

 
1.00 (ref) 
0.77 (0.72-0.82), p<0.001 
0.73 (0.65-0.82), p<0.001 

 
1.00 (ref) 
0.88(0.82-0.95), p<0.001 
0.89(0.79-1.01), p=0.08 

History of atopy 7,945 (26.2) 2,970 (24.5) 4,975 (27.3) 1.16 (1.10-1.22), p<0.001 1.06(1.00-1.13), p=0.04 



 

Baseline characteristic Overall 
n=30,378 
n (%) 

No valid 
eosinophil count 
n=12,143 
n (%) 

Valid eosinophil 
count 
n=18,235 
n (%) 

Unadjusted odds ratio for 
valid eosinophil count vs. no 
valid eosinophil count 
(95% CI, p-value) 

Adjusted odds ratio for valid 
eosinophil count vs. no valid 
eosinophil count a 
(95% CI, p-Value) 

Airflow limitation severity b  
  Mild (≥80%) 
  Moderate (50-80%) 
  Severe (30-50%) 
  Very severe (<30%) 

 
2,737 (13.5) 
11,219 (55.2) 
5,468 (26.9) 
907 (4.5) 

 
923 (12.3) 
3,956 (52.8) 
2,201 (29.4) 
415 (5.5) 

 
1,81 (14.1) 
7,263 (56.6) 
3,267 (25.5) 
492 (3.8) 

 
1.00 (ref) 
0.93 (0.86-1.02), p=0.13 
0.76 (0.69-0.83), p<0.001 
0.60 (0.52-0.70), p<0.001 

N/a 

MRC breathlessness scale b 
  1 (least severe) 
  2 
  3 
  4 
  5 (most severe) 

 
1,901 (16.2) 
5,122 (43.7) 
3,143 (26.8) 
1,367 (11.7) 
182 (1.6) 

 
753 (18.6) 
1,856 (45.8) 
997 (24.6) 
402 (9.9) 
41 (1.0) 

 
1,148 (15.0) 
3,266 (42.6) 
2,146 (28.0) 
965 (12.6) 
141 (1.8) 

 
1.00 (ref) 
1.15 (1.04-1.29), p=0.009 
1.41 (1.25-1.59), p<0.001 
1.57 (1.36-1.83), p<0.001 
2.26 (1.57-3.23), p<0.001 

N/a 

Exacerbations 
  0 
  1 
  2 
  3 or more 

 
15,126 (49.8) 
9,430 (31.0) 
3,886 (12.8) 
1,936 (6.4) 

 
5,697 (46.9) 
3,998 (32.9) 
1,653 (13.6) 
795 (6.6) 

 
9,429 (51.7) 
5,432 (29.8) 
2,233 (12.3) 
1,141 (6.3) 

 
1.00 (ref) 
0.82 (0.78-0.87), p<0.001 
0.82 (0.76-0.88), p<0.001 
0.87 (0.79-0.95), p=0.004 

 
 
0.72(0.67-0.76), p<0.001 
0.61(0.56-0.67), p<0.001 
0.52(0.46-0.59), p<0.001 

Pneumonia episodes 
  0 
  1 
  2 or more 

 
24,019 (79.1) 
4,925 (16.2) 
1,434 (4.7) 

 
9,553 (78.7) 
2,034 (16.8) 
556 (4.6) 

 
14,466 (79.3) 
2,891 (15.9) 
878 (4.8) 

 
1.00 (ref) 
0.94 (0.88-1.00), p=0.05 
1.04 (0.93-1.16), p=0.45 

 
1.00 (ref) 
1.02(0.94-1.10), p=0.62 
1.10(0.96-1.27), p=0.16 

Oral steroid prescriptions 
  0 
  1 
  2 

 
23,826 (78.4) 
4,912 (16.2) 
1,640 (5.4) 

 
9,414 (77.5) 
2,044 (16.8) 
685 (5.6) 

 
14,412 (79.0) 
2,868 (15.7) 
955 (5.2) 

 
1.00 (ref) 
0.92 (0.86-0.98), p=0.006 
0.91 (0.82-1.01), p=0.07 

 
1.00 (ref) 
0.97(0.91-1.04), p=0.44 
0.91(0.81-1.02), p=0.11 



 

Baseline characteristic Overall 
n=30,378 
n (%) 

No valid 
eosinophil count 
n=12,143 
n (%) 

Valid eosinophil 
count 
n=18,235 
n (%) 

Unadjusted odds ratio for 
valid eosinophil count vs. no 
valid eosinophil count 
(95% CI, p-value) 

Adjusted odds ratio for valid 
eosinophil count vs. no valid 
eosinophil count a 
(95% CI, p-Value) 

Salbutamol inhalers 
  0 
  1 
  2 
  3-5 
  6 or more 

 
10,202 (33.6) 
6,503 (21.4) 
3,172 (10.4) 
4,282 (14.1) 
6,219 (20.5) 

 
4,160 (34.3) 
2,544 (21.0) 
1,246 (10.3) 
1,606 (13.2) 
2,587 (21.3) 

 
6,042 (33.1) 
3,959 (21.7) 
1,926 (10.6) 
2,676 (14.7) 
3,632 (19.9) 

 
1.00 (ref) 
1.07 (1.01-1.14), p=0.03 
1.06 (0.98-1.15), p=0.13 
1.15 (1.07-1.23), p<0.001 
0.97 (0.91-1.03), p=0.30 

 
1.00 (ref) 
1.04(0.97-1.12), p=0.22 
1.00(0.92-1.09), p>0.99 
1.03(0.95-1.11), p=0.52 
0.87(0.81-0.93), p<0.001 

Theophylline use 344 (1.1) 135 (1.1) 209 (1.2) 1.03 (0.83-1.28), p=0.78 1.06(0.83-1.34), p=0.65 
Oxygen use 130 (0.4) 47 (0.4) 83 (0.5) 1.18 (0.82-1.68), p=0.37 0.95(0.65-1.40), p=0.80 
Nebuliser use 553 (1.8) 212 (1.8) 341 (1.9) 1.07 (0.90-1.28), p=0.43 1.03(0.85-1.24), p=0.78 
General health characteristics 
Non-elective hospitalisations  
  0 
  1 
  2 or more 

 
25,667 (84.5) 
3,590 (11.8) 
1,121 (3.7) 

 
10,539 (86.8) 
1,269 (10.5) 
335 (2.8) 

 
15,128 (83.0) 
2,321 (12.7) 
786 (4.3) 

 
1.00 (ref) 
1.27 (1.18-1.37), p<0.001 
1.63 (1.43-1.86), p<0.001 

 
1.00 (ref) 
1.04(0.96-1.13), p=0.30 
1.16(1.01-1.34), p=0.04 

GP consultations 
  0-3 
  4-7 
  8 or more 

 
11,138 (36.7) 
10,216 (33.6) 
9.024 (29.7) 

 
6,083 (50.1) 
3,805 (31.3) 
2,255 (18.6) 

 
5,055 (27.7) 
6,411 (35.2) 
6,769 (37.1) 

 
1.00 (ref) 
2.03 (1.92-2.14), p<0.001 
3.61 (3.40-3.84), p<0.001 

 
1.00 (ref) 
2.01(1.90-2.13), p<0.001 
3.47(3.24-3.70), p<0.001 

Charlson comorbidity index 
  0 
  1 
  2 or more 

 
18,835 (62.0) 
4,524 (14.9) 
7,019 (23.1) 

 
9,024 (74.3) 
1,376 (11.3) 
1,743 (14.4) 

 
9,811 (53.8) 
3,148 (17.3) 
5,276 (29.0) 

 
1.00 (ref) 
2.10 (1.96-2.26), p<0.001 
2.78 (2.61-2.96), p<0.001 

 
1.00 (ref) 
1.69(1.57-1.82), p<0.001 
1.90(1.78-2.04), p<0.001 

Influenza vaccination 19,057 (62.7) 6,555 (54.0) 12,502 (68.6) 1.86 (1.77-1.95), p<0.001 1.29(1.22-1.37), p<0.001 
Pneumococcal vaccination 10,119 (33.3) 3,746 (30.9) 6,373 (35.0) 1.20 (1.15-1.26), p<0.001 1.03(0.97-1.09), p=0.29 
Percentages are column percentages. See Table 2.6 for details and time periods for variables. (ref), reference group 
a Odds ratio calculated using logistic regression. Adjusted odds ratios include baseline variables significant p<0.10 in univariate analysis or those thought to be clinically 
relevant. n=30,207 due to complete case analysis. Airflow limitation severity and MRC breathlessness scale not included in adjusted model due to large amounts of missing 
data (inclusion did not change results). Year of index prescription not displayed due to multiple categories but included in adjusted model. Categorical variable used for age. 
b n=30,362 for socio-economic status, n=30,223 for smoking status, n=20,331 for airflow limitation severity and n=11,715 for MRC breathlessness scale, due to missing data.



 

 Eosinophil count distribution in the primary care population 

4.2.1 Additional methods detail and sensitivity/subgroup analysis 

Eosinophil distribution was assessed both as a continuous measure and using different 

binary/categorical cut-offs (primary threshold 0.15 x10*9/L). For CPRD the most recent valid 

eosinophil count in the two years before initiation of new inhaled maintenance medication 

(index date) was used for distribution analysis, whereas for COMET the mean laboratory 

venous blood eosinophil count available for study participants was used. Using the CPRD I 

examined the distribution more closely to decide how to manage the data statistically, 

particularly in relation whether I would need to transform it for analysis (further details 

below). 

Planned sensitivity analysis excluded those with active asthma (CPRD) or bronchodilator 

reversibility (COMET), and alternative cut-offs for stratifying participants into groups by 

eosinophil count (0.10, 0.20, 0.30, 0.34 (post-hoc, as this had been used in other recently 

published studies74,95), 0.40 and 0.50 x10*9/L; percentage eosinophils (<2%, ≥2-<4% and 

≥4%)); low (<0.15), medium (0.15-<0.34) and high (≥0.34) groups. 

4.2.2 Routinely collected using the CPRD 

Continuous 

Figure 4.3 shows the distribution of eosinophil count, with histogram spikes likely due to some 

analysers rounding to the nearest 0.1 decimal place. 



 

Figure 4.3: Distribution of most recent eosinophil count (CPRD) 

 

Line shows overlaid normal density curve. Histogram spikes are likely due to some analysers rounding to the 
nearest 0.1 decimal place. 

As can be seen in Figure 4.3, the data is right-skewed. I used the Stata ladder command to 

establish whether any transformations would normalise the distribution and only natural log 

was returned as viable, which improved the tests for normality and the histogram (Figure 4.4). 

I therefore transformed the data and proceeded to use logarithmically transformed 

eosinophils for all continuous analyses. The geometric mean was 0.20 x10*9/L (95% CI 0.20 

to 0.20 x10*9/L) and the median was 0.20 (IQR 0.10-0.30) x10*9/L, with a range as expected 

from data management steps to exclude extreme values (see Section 2.2.5) of 0.01 to 1.48 

x10*9/L.  
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Figure 4.4: Distribution of logarithmically transformed most recent eosinophil count (CPRD) 

Line shows overlaid normal density curve. Histogram spikes are likely due to some analysers rounding to the 
nearest decimal place in x10*9/L units. 

Binary 

Figure 4.5 shows distribution of patients between groups depending on where eosinophil 

threshold was placed. For the primary threshold of 0.15 x10*9/L, 69.2% patients were 

classified as being in the high eosinophil group; when this threshold was increased to 0.34 

x10*9/L, only 19.3% patients were in the high eosinophil group. Repeating this excluding 

those with active asthma (n=670) made little difference to percentage groupings (data not 

shown). Division into low, medium and high categories (Figure 4.5B) found that 50% patients 

are in the ‘medium’ category (0.15 to <0.34 x10*9/L). 
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Figure 4.5: Distribution of patients between eosinophil groups using different thresholds 
(CPRD) A) Single threshold B) Low, medium and high categorisation C) Using % eosinophils 

 A) Eosinophil threshold (x10*9/L) 
0.10 0.15 0.20 0.30 0.34 0.40 0.50 

Low 984 5,615 6,807 12,178 14,692 15,201 16,676 
High 17,251 12,620 11,428 6,057 3,543 3,034 1,559 

B) Eosinophil threshold (x10*9/L) C) Eosinophil threshold (%) a 
<0.15  5,615 <2% 5,604 
0.15-0.34 9,077 2-4% 7,654 
≥0.34 3,543 ≥4% 4,952 

  
a Eosinophil percentages are as percentage of total leucocytes; leucocytes missing for n=25. 
Percentage totalling 101% for 0.50 x10*9/L threshold is due to rounding. 
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4.2.3 Prospectively collected in the COMET study 

322 eosinophil results were available for 93 patients. Missing results (n=22, as 344 study visits 

took place) were due to participant refusal (needle phobia) (2 visits/1 participant), difficulty 

obtaining the specimen (12 visits/8 participants – including one participant who could not be 

bled on any of four visits), unable to locate the blood results on EMIS (4 visits/4 participants), 

and a participant with chronic lymphocytic leukaemia whose blood results were omitted from 

analysis (4 visits/1 participant). Four participants (4.3%) only had one eosinophil count 

available; all remaining participants had multiple eosinophil counts (including all four counts 

available for 60/93 (64.5%)). 

Continuous 

Figure 4.6 shows the distribution of the mean eosinophil count, which, as right-skewed, was 

also log-transformed for continuous analyses (Figure 4.7). The geometric mean was 0.16 

x10*9/L (95% CI 0.14 to 0.19 x10*9/L) and the median was 0.18 (IQR 0.11-0.26) x10*9/L, with 

a range of 0.01 to 0.71 x10*9/L.  



 

Figure 4.6: Distribution of mean eosinophil count (COMET) 

Line shows overlaid normal density curve. 

Figure 4.7: Distribution of logarithmically transformed mean eosinophil count (COMET) 

 Line shows overlaid normal density curve. 
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Binary 

Figure 4.8 shows distribution of patients between groups depending on where eosinophil 

threshold was placed. For the primary threshold of 0.15 x10*9/L, 59.1% patients were 

classified as being in the high eosinophil group; when this threshold was increased to 0.34 

x10*9/L, only 16.1% patients were in the high eosinophil group. Repeating this excluding 

those with positive bronchodilator reversibility at baseline (n=22) made little difference to 

percentage groupings (data not shown). Division into low, medium and high categories 

(Figure 4.8B) found that 43% patients are in the ‘medium’ category (0.15 to <0.34 x10*9/L). 



 

Figure 4.8: Distribution of participants between eosinophil groups using different 
thresholds (COMET) A) Single threshold B) Low, medium and high categorisation C) Using % 
eosinophils 

 A) Eosinophil threshold (x10*9/L) 
0.10 0.15 0.20 0.30 0.34 0.40 0.50 

Low 19 38 55 75 78 88 89 
High 74 55 38 18 15 5 4 

B) Eosinophil threshold (x10*9/L) C) Eosinophil threshold (%) a 
<0.15  38 <2% 31 
0.15-0.34 40 2-4% 49 
≥0.34 15 ≥4% 13 

  
a Eosinophil percentages are as percentage of total leucocytes. 
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 Association of eosinophils with baseline characteristics 

4.3.1 Additional methods detail and sensitivity/subgroup analysis 

Using the primary threshold of 0.15 x10*9/L to define low and high eosinophil groups, I 

compared those who were in each group by baseline characteristics using logistic regression 

(or linear regression when assessing eosinophils as a continuous variable, appropriately 

transformed as applicable). Characteristics were included in regression models as covariates 

if significant (p<0.10) in univariate analysis, or thought to be of potential clinical importance. 

For CPRD, sensitivity analyses excluded those with active asthma and those with a history of 

atopy. For COMET, sensitivity analyses excluded those with a history of atopy, those with 

positive bronchodilator reversibility, those without spirometry diagnostic for COPD, and 

excluding eosinophil values close to exacerbation events.a 

4.3.2 Routinely collected using the CPRD 

Table 4.2 shows the distribution of patients between low and high eosinophil groups. Patients 

were more likely to be in the higher eosinophil group if they were younger, male, ex-smokers, 

with a history of atopy, more exacerbations, increased prescriptions for oral steroids and 

salbutamol inhalers, high GP consultation rates, and more co-morbidities. There was no 

association with active or historical asthma. Sensitivity analyses excluding those with a history 

or atopy (n=4,975) and excluding those with active asthma (n=670) made little difference to 

results (data not shown). I also addressed the same question looking at eosinophils as a 

                                                      
a Planned sensitivity analyses were to be excluding those with history of asthma and excluding those eosinophil 
counts taken after initiating ICS during the study but numbers were very small (n=3 and n=1 respectively) so this 
was not done. 



 

continuous variable (logarithmically transformed) using linear regression and found the same 

variables to be significantly associated with eosinophil count (data not shown).



 

Table 4.2: Distribution of patients by eosinophil group, by baseline characteristics (CPRD) 

Baseline characteristic Overall 
n=18,235 
n (%) 

Low eosinophils 
(<0.15 x10*9/L) 
n=5,615 
n (%) 

High eosinophils 
(≥0.15 x10*9/L) 
n=12,620 
n (%) 

Unadjusted odds ratio for 
high eosinophil vs. low 
eosinophil group 
(95% CI, p-value) 

Adjusted odds ratio for high 
eosinophil vs. low 
eosinophil group a 
(95% CI, p-Value) 

Demographic characteristics 
Age, mean (SD), years 69.1 (10.5) 69.5 (10.5) 68.9 (10.5) 0.99 (0.99-1.00), p<0.001 N/a 
Age group in years 
  40-49 
  50-59  
  60-69 
  70-79 
  80-89 
  >=90 

 
721 (4.0) 
2,678 (14.7) 
5,697 (31.2) 
5,996 (32.9) 
2,953 (16.2) 
190 (1.0) 

 
190 (3.4) 
826 (14.7) 
1,706 (30.3) 
1,843 (32.8) 
990 (17.6) 
60 (1.1) 

 
531 (4.2) 
1,852 (14.7) 
3,991 (31.6) 
4,153 (32.9) 
1,963 (15.6) 
130 (1.0) 

 
1.24 (1.04-1.48), p=0.02 
1.00 (0.90-1.10), p=0.92 
1.04 (0.96-1.12), p=0.35 
1.00 (ref) 
0.88 (0.80-0.97), p=0.008 
0.96 (0.70-1.31), p=0.81 

 
1.43 (1.19-1.71), p<0.001 
1.09 (0.99-1.21), p=0.09 
1.07 (0.99-1.16), p=0.11 
1.00 (ref) 
0.85 (0.77-0.93), p=0.001 
0.92 (0.67-1.26), p=0.60 

Female sex 8,096 (44.4) 2,995 (53.3) 5,101 (40.4) 0.59 (0.56-0.63), p<0.001 0.58 (0.55-0.62), p<0.001 
Socio-economic status b  
  1 (least deprived) 
  2 
  3 
  4 
  5 (most deprived) 

 
2,692 (14.8) 
3,745 (20.6) 
3,580 (19.7) 
4,447 (24.4) 
3,758 (20.6) 

 
838 (14.9) 
1,151 (20.5) 
1,118 (19.9) 
1,365 (24.3) 
1,137 (20.3) 

 
1,854 (14.7) 
2,594 (20.6) 
2,462 (19.5) 
3,082 (24.4) 
2,621 (20.8) 

 
1.00 (ref) 
1.02 (0.92-1.13), p=0.74 
1.00 (0.89-1.11), p=0.93 
1.02 (0.92-1.13), p=0.70 
1.04 (0.94-1.16), p=0.45 

N/a 

Respiratory disease characteristics 
Smoking status b 
  Ex-smoker 
  Current smoker 

 
10,535 (58.0) 
7,633 (42.0) 

 
3,164 (56.6) 
2,423 (43.4) 

 
7,371 (58.6) 
5,210 (41.4) 

 
1.00 (ref) 
0.92 (0.87-0.98), p=0.01 

 
1.00 (ref) 
0.92 (0.86-0.99), p=0.02 

Asthma history 
  No asthma history 
  Past asthma 
  Current asthma 

 
14,999 (82.3) 
2,566 (14.1) 
670 (3.7) 

 
4,653 (82.9) 
766 (13.6) 
196 (3.5) 

 
10,346 (82.0) 
1,800 (14.3) 
474 (3.8) 

 
1.00 (ref) 
1.06 (0.96-1.16), p=0.24 
1.09 (0.92-1.29), p=0.33 

 
1.00 (ref) 
1.04 (0.95-1.15), p=0.37 
1.02 (0.86-1.22), p=0.81 

History of atopy 4,975 (27.3) 1,426 (25.4) 3,549 (28.1) 1.15 (1.07-1.23), p<0.001 1.15 (1.07-1.23), p<0.001 



 

Baseline characteristic Overall 
n=18,235 
n (%) 

Low eosinophils 
(<0.15 x10*9/L) 
n=5,615 
n (%) 

High eosinophils 
(≥0.15 x10*9/L) 
n=12,620 
n (%) 

Unadjusted odds ratio for 
high eosinophil vs. low 
eosinophil group 
(95% CI, p-value) 

Adjusted odds ratio for high 
eosinophil vs. low 
eosinophil group a 
(95% CI, p-Value) 

Airflow limitation severity b  
  Mild (≥80%) 
  Moderate (50-80%) 
  Severe (30-50%) 
  Very severe (<30%) 

 
1,81 (14.1) 
7,263 (56.6) 
3,267 (25.5) 
492 (3.8) 

 
546 (13.8) 
2,221 (56.2) 
1,005 (25.5) 
177 (4.5) 

 
1,268 (14.3) 
5,042 (56.7) 
2,262 (25.5) 
315 (3.5) 

 
1.00 (ref) 
0.98 (0.87-1.09), p=0.69 
0.97 (0.86-1.10), p=0.62 
0.77 (0.62-0.95), p=0.01 

N/a 

MRC breathlessness scale b 
  1 (least severe) 
  2 
  3 
  4 
  5 (most severe) 

 
1,148 (15.0) 
3,266 (42.6) 
2,146 (28.0) 
965 (12.6) 
141 (1.8) 

 
357 (14.7) 
1,024 (42.1) 
700(28.8) 
308 (12.7) 
43 (1.8) 

 
791 (15.1) 
2,242 (42.8) 
1,446 (27.6) 
657 (12.6) 
98 (1.9) 

 
1.00 (ref) 
0.99 (0.85-1.14), p=0.87 
0.93 (0.80-1.09), p=0.37 
0.96 (0.80-1.16), p=0.69 
1.03 (0.70-1.50), p=0.88 

N/a 

Exacerbations 
  0 
  1 
  2 
  3 or more 

 
9,429 (51.7) 
5,432 (29.8) 
2,233 (12.3) 
1,141 (6.3) 

 
2,985 (53.2) 
1,655 (29.5) 
644 (11.5) 
331 (6.0) 

 
6,444 (51.1) 
3,777 (29.9) 
1,589 (12.6) 
810 (6.4) 

 
1.00 (ref) 
1.06 (0.98-1.14), p=0.13 
1.14 (1.03-1.26), p=0.01 
1.13 (0.99-1.30), p=0.07 

 
1.00 (ref) 
1.06 (0.98-1.14), p=0.15 
1.13 (1.02-1.26), p=0.03 
1.10 (0.95-1.27), p=0.20 

Pneumonia episodes 
  0 
  1 
  2 or more 

 
14,466 (79.3) 
2,891 (15.9) 
878 (4.8) 

 
4,495 (80.1) 
860 (15.3) 
260 (4.6) 

 
9,971 (79.0) 
2,031 (16.1) 
618 (4.9) 

 
1.00 (ref) 
1.06 (0.98-1.16), p=0.16 
1.07 (0.92-1.24), p=0.36 

N/a 

Oral steroid prescriptions 
  0 
  1 
  2 

 
14,412 (79.0) 
2,868 (15.7) 
955 (5.2) 

 
4,507 (80.3) 
853 (15.2) 
255 (4.5) 

 
9,905 (78.5) 
2,015 (16.0) 
700 (5.6) 

 
1.00 (ref) 
1.07 (0.98-1.17), p=0.11 
1.25 (1.08-1.45), p=0.003 

 
1.00 (ref) 
1.06 (0.96-1.16), p=0.25 
1.21 (1.04-1.42), p=0.02 



 

Baseline characteristic Overall 
n=18,235 
n (%) 

Low eosinophils 
(<0.15 x10*9/L) 
n=5,615 
n (%) 

High eosinophils 
(≥0.15 x10*9/L) 
n=12,620 
n (%) 

Unadjusted odds ratio for 
high eosinophil vs. low 
eosinophil group 
(95% CI, p-value) 

Adjusted odds ratio for high 
eosinophil vs. low 
eosinophil group a 
(95% CI, p-Value) 

Salbutamol inhalers 
  0 
  1 
  2 
  3-5 
  6 or more 

 
6,042 (33.1) 
3,959 (21.7) 
1,926 (10.6) 
2,676 (14.7) 
3,632 (19.9) 

 
1,952 (34.8) 
1,244 (22.2) 
571 (10.2) 
779 (13.9) 
1,069 (19.0) 

 
4,090 (32.4) 
2,715 (21.5) 
1,355 (10.7) 
1,897 (15.0) 
2,563 (20.3) 

 
1.00 (ref) 
1.04 (0.96-1.14), p=0.35 
1.13 (1.01-1.27), p=0.03 
1.16 (1.05-1.28), p=0.003 
1.14 (1.05-1.25), p=0.003 

 
1.00 (ref) 
1.02 (0.93-1.11), p=0.69 
1.12 (1.00-1.26), p=0.05 
1.15 (1.04-1.28), p=0.007 
1.16 (1.05-1.27), p=0.002 

Theophylline use 209 (1.2) 58 (1.0) 151 (1.2) 1.16 (0.86-1.57), p=0.34 N/a 
Oxygen use 83 (0.5) 24 (0.4) 59 (0.5) 1.09 (0.68-1.76), p=0.71 N/a 
Nebuliser use 341 (1.9) 102 (1.8) 239 (1.9) 1.04 (0.83-1.32), p=0.72 N/a 
General health characteristics 
Non-elective hospitalisations  
  0 
  1 
  2 or more 

 
15,128 (83.0) 
2,321 (12.7) 
786 (4.3) 

 
4,614 (82.2) 
746 (13.3) 
255 (4.5) 

 
10,514 (83.3) 
1,575 (12.5) 
531 (4.2) 

 
1.00 (ref) 
0.93 (0.84-1.02), p=0.11 
0.91 (0.78-1.07), p=0.25 

N/a 

GP consultations 
  0-3 
  4-7 
  8 or more 

 
5,055 (27.7) 
6,411 (35.2) 
6,769 (37.1) 

 
1,569 (27.9) 
1,877 (33.4) 
2,169 (38.6) 

 
3,486 (27.6) 
4,534 (35.9) 
4,600 (36.5) 

 
1.00 (ref) 
1.09 (1.00-1.18), p=0.04 
0.95 (0.88-1.03), p=0.25 

 
1.00 (ref) 
1.06 (0.98-1.15), p=0.16 
0.91 (0.84-0.99), p=0.03 

Charlson comorbidity index 
  0 
  1 
  2 or more 

 
9,811 (53.8) 
3,148 (17.3) 
5,276 (29.0) 

 
3,114 (55.5) 
968 (17.2) 
1,533 (27.3) 

 
6,697 (53.1) 
2,180 (17.3) 
3,743 (29.7) 

 
1.00 (ref) 
1.05 (0.96-1.14), p=0.30 
1.14 (1.06-1.22), p=0.001 

 
1.00 (ref) 
1.02 (0.94-1.12), p=0.63 
1.15(1.06-1.25), p<0.001 

Influenza vaccination 12,502 (68.6) 3,861 (68.8) 8,641 (68.5) 0.99 (0.92-1.06), p=0.70 N/a 
Pneumococcal vaccination 6,373 (35.0) 1,951 (34.8) 4,422 (35.0) 1.01 (0.95-1.08), p=0.70 N/a 
Percentages are column percentages. See Table 2.6 for details and time periods for variables. (ref), reference group 
a Odds ratio calculated using logistic regression. Adjusted odds ratios include baseline variables p<0.10 in univariate analysis (adding these did not improve the model 
(p=0.80)). n=18,168 due to complete case analysis. Airflow limitation severity and MRC breathlessness scale not included in adjusted model due to large amounts of missing 
data (inclusion did not change results). Year of index prescription not displayed due to multiple categories but included in adjusted model. Categorical variable used for age. 
b n=18,222 for socio-economic status, n=18,168 for smoking status, n=12,836 for airflow limitation severity and n=7,666 for MRC breathlessness scale, due to missing data. 



 

4.3.3 Prospectively collected in the COMET study 

Table 4.3 shows the distribution of patients between low and high eosinophil groups. There 

was no clear association of any baseline variable with eosinophil group. Sensitivity analyses 

as described in Section 4.3.1 above made little difference to results (data not shown). Post-

hoc assessment of positive bronchodilator reversibility as a covariate also found no 

association with eosinophil group (unadjusted OR 1.00 (95%CI 0.38 to 2.64, p=1.00); adjusted 

OR 1.13 (95%CI 0.28 to 4.50), p=0.86). 

I also addressed the same question looking at eosinophils as a continuous variable 

(logarithmically transformed) using linear regression and again found no significant 

association of any variables with eosinophil count (data not shown). The largest difference 

was in sex (geometric mean eosinophil count 0.13x10*9/L in females and 0.18x10*9/L in 

males (p=0.08)), in keeping with CPRD study findings where males had significantly higher 

eosinophils. 

 



Table 4.3: Distribution of patients by eosinophil group, by baseline characteristics (COMET) 

Baseline characteristic Overall 
n=93 
n (%) 

Low eosinophils 
(<0.15 x10*9/L) 
n=38 
n (%) 

High eosinophils 
(≥0.15 x10*9/L) 
n=55 
n (%) 

Unadjusted odds ratio for 
high eosinophil vs. low 
eosinophil group 
(95% CI, p-value) 

Adjusted odds ratio for high 
eosinophil vs. low 
eosinophil groupa 
(95% CI, p-Value) 

Demographic characteristics 
Age, mean (SD), years 70.5 (9.3) 70.3 (10.0) 70.6 (8.9) 1.00 (0.96-1.05), p=0.89 N/a 
Age group in years 
  40-49 
  50-59  
  60-69 
  70-79 
  80-89 
  >=90 

 
1 (1.1) 
9 (9.7) 
30 (32.3) 
39 (41.9) 
13 (14.0) 
1 (1.1) 

 
1 (2.6) 
4 (10.5) 
8 (21.1) 
22 (57.9) 
2 (5.3) 
1 (2.6) 

 
0 (0) 
5 (9.1) 
22 (40.0) 
17 (30.9) 
11 (20.0) 
0 (0.0) 

 
N/a 
1.62 (0.38-6.96), p=0.52 
3.56 (1.27-9.94), p=0.02 
1.00 (ref) 
7.12 (1.39-36.5), p=0.02 
N/a 

 
N/a 
1.24 (0.28-5.55), p=0.78 
3.64 (1.28-10.35), p=0.02 
1.00 (ref) 
6.77 (1.30-35.28), p=0.02 
N/a 

Female sex 29 (31.2) 16 (42.1) 13 (23.6) 0.43 (0.17-1.04), p=0.06 0.46 (0.17-1.26), p=0.13 
Respiratory disease characteristics 
Smoking statusb 
  Ex- or passive smoker 
  Current smoker 

 
58 (62.4) 
35 (37.6) 

 
23 (60.5) 
15 (39.5) 

 
35 (63.6) 
20 (36.4) 

 
1.00 (ref) 
0.88 (0.37-2.05), p=0.76 

N/a 

Smoking pack years (n=88) 39.9 (28.8) 37.1 (28.7) 41.9 (29.0) 1.01 (0.99-1.02), p=0.45 N/a 
History of asthma 3 (3.2) 2 (5.3) 1 (1.8) 0.33 (0.03-3.81), p=0.38 N/a 
History of atopy 23 (24.7) 11 (29.0) 12 (21.8) 0.68 (0.27-1.77), p=0.44 N/a 
Exacerbations 
  0 
  1 
  2 or more 

 
65 (69.9) 
22 (23.7) 
6 (6.5) 

 
24 (63.2) 
11 (29.0) 
3 (7.9) 

 
41 (74.6) 
11 (20.0) 
3 (5.5) 

 
1.00 (ref) 
0.59 (0.22-1.55), p=0.28 
0.59 (0.11-3.13), p=0.53 

N/a 

Airflow limitation severity (n=92) 
  Mild (≥80%) 
  Moderate (50-80%) 
  Severe (30-50%) 
  Very severe (<30%) 

 
28 (30.4) 
50 (54.4) 
13 (14.1) 
1 (1.1) 

 
10 (26.3) 
22 (57.9) 
5 (13.2) 
1 (2.6) 

 
18 (33.3) 
28 (51.9) 
8 (14.8) 
0 (0.0) 

 
1.00 (ref) 
0.71 (0.27-1.83), p=0.48 
0.89 (0.23-3.46), p=0.87 
N/a 

N/a 



 

Baseline characteristic Overall 
n=93 
n (%) 

Low eosinophils 
(<0.15 x10*9/L) 
n=38 
n (%) 

High eosinophils 
(≥0.15 x10*9/L) 
n=55 
n (%) 

Unadjusted odds ratio for 
high eosinophil vs. low 
eosinophil group 
(95% CI, p-value) 

Adjusted odds ratio for high 
eosinophil vs. low 
eosinophil groupa 
(95% CI, p-Value) 

MRC breathlessness scale 
  1 (least severe) 
  2 
  3 
  4 
  5 (most severe) 

 
19 (20.4) 
53 (57.0) 
15 (16.1) 
6 (6.5) 
0 (0.0) 

 
7 (18.4) 
26 (68.4) 
3 (7.9) 
2 (5.3) 
0 (0.0) 

 
12 (21.8) 
27 (49.1) 
12 (21.8) 
4 (7.3) 
0 (0.0) 

 
1.00 (ref) 
0.61 (0.21-1.78), p=0.36 
2.33 (0.49-11.23), p=0.29 
1.17 (0.17-8.09), p=0.88 
N/a 

N/a 

Oxygen saturation (mean, SD, %) 95.0 (2.5) 95.3 (2.2) 94.9 (2.8) 0.93 (0.78-1.10), p=0.39 N/a 
FeNO (mean, SD, ppb) (n=92) 
  Low (<25) 
  Medium (25-50) 
  High (>50) 

25.2 (20.4) 
55 (59.8) 
29 (31.5) 
8 (8.7) 

27.4 (26.9) 
21 (55.3) 
13 (34.2) 
4 (10.5) 

23.6 (14.2) 
34 (63.0) 
16 (29.6) 
4 (7.4) 

0.99 (0.97-1.01), p=0.39 
1.00 (ref) 
0.76 (0.31-1.89), p=0.56 
0.62 (0.14-2.74), p=0.53 

N/a 

Respiratory symptom 
questionnaires 
  CCQ (mean, SD) 
  CAT (mean, SD) 

 
 
1.46 (1.04) 
13.2 (7.4) 

 
 
1.43 (1.05) 
12.8 (7.3) 

 
 
1.48 (1.04) 
13.4 (7.5) 

 
 
1.04 (0.70-1.56), p=0.84 
1.01 (0.95-1.07), p=0.72 

N/a 

General health characteristics 
Charlson comorbidity index 
  0 
  1 
  2 or more 

 
66 (71.0 
18 (19.4) 
9 (9.7) 

 
25 (65.8) 
9 (23.7) 
4 (10.5) 

 
41 (74.6) 
9 (16.4) 
5 (9.1) 

 
1.00 (ref) 
0.61 (0.21-1.74), p=0.36 
0.76 (0.19-3.11), p=0.71 

N/a 

Body mass index (mean, SD, 
kg/m2) 

28.1 (5.1) 27.5 (5.9) 28.6 (4.4) 1.05 (0.96-1.14), p=0.28 N/a 

Percentages are column percentages. See Table 3.3 for details and time periods for variables. (ref), reference group 
a Odds ratio calculated using logistic regression. Adjusted odds ratios include baseline variables p<0.10 in univariate analysis (adding these did not improve the model 
(p=0.99)). n=91 due to complete case analysis. Categorical variable used for age. 
b Passive smokers classified as ex-smokers due to small numbers (n=2). 



 

 Repeatability and variability 

4.4.1 Additional methods detail and sensitivity/subgroup analysis 

This section focuses on patients who had more than one valid eosinophil count during the 

two years prior to index date (CPRD, 29,799 values for 9,473 patients) or during study follow-

up (COMET, 318 values for 89 participants) i.e. those with multiple values. The various 

techniques used to assess repeatability are divided into those assessing eosinophils on a 

continuous and binary scale. 

Continuous 

I calculated the mean, standard deviation, co-efficient of variation (CV) and intra-class 

correlation co-efficient (ICC) using a random effects model, as appropriate for assessing 

within-person variation with multiple values per individual.138-141 The intra-class correlation 

co-efficient (ICC) tells us about “the concordance, the extent to which repetition of the test 

yields the same values under the same conditions in the same individuals”.141 Evidence of 

proportionality was assessed graphically and whether the correlation between mean and 

standard deviation as measured using Kendall’s tau method140 was equal to zero, and 

eosinophils appropriately transformed to deal with this. It was assumed for the purposes of 

the main repeatability analysis that variation could be attributed to the biomarker rather than 

a change in the participant’s condition over the relatively short time period of eosinophil 

monitoring. 

In order to understand the relationship better on a continuous scale, I also used linear 

regression to assess how the within-person standard deviation and CV varied by baseline 

characteristics, as done elsewhere,142 in addition to subgroup analyses of ICC according to 



 

subgroups of pre-specified baseline characteristics (age < or ≥70, sex, smoking status, low (0 

or 1) or high (≥2) baseline exacerbation frequency in previous year, and history of asthma 

(and positive bronchodilator reversibility (COMET only)) and atopy), by splitting the data and 

fitting models to each set.  

For the most recent two values (CPRD) and the first two values, with first and last values as 

comparison (COMET), Bland-Altman methods were used to measure the mean difference 

between the measurements on a continuous scale (logarithmic to remove the effect of 

differences increasing with magnitude).143,144 

Sensitivity analyses for CPRD included those eosinophil values within two weeks of acute 

events, and for COMET excluded those without spirometry diagnostic for COPD, and 

eosinophil counts within two weeks of an exacerbation. 

Binary 

Cohen’s kappa test (using two values as described in last paragraph above) was used to assess 

the repeatability for binary categorisation of eosinophils into ‘high’ and ‘low’ cut-offs (using 

thresholds of 0.15 and 0.34 x10*9/L), and diagnostic accuracy statistics were calculated to 

assess how well the most recent or baseline value (‘index test’) predicted the mean of 

eosinophils over time (‘reference test’), using both ≥0.15 and ≥0.34 x10*9/L thresholds, to 

assess validity.143 For COMET, the baseline result was excluded from the calculation of the 

mean, but this was not possible for CPRD with limited numbers of patients who had had more 

than two tests. 



 

4.4.2 Routinely collected using the CPRD 

Continuous scale 

I found that the within-person variation was proportional to the within-person mean (Figure 

4.9) and this was confirmed using Kendall’s tau method (tau-b 0.36, p<0.001) which measures 

if there is any relationship between two quantities (in this case mean and SD). Converting the 

eosinophil counts to logarithmic scale removed this proportionality (tau-b 0.002, p=0.80), so 

this was used for all subsequent analyses. 

Figure 4.9: Individual patient's standard deviations plotted against their means (CPRD) 

n=29,799 values for 9,473 patients  

Using the random effects model, the geometric mean was 0.20 x10*9/L (mean identical to 

that for the most recent valid eosinophil count used in the distribution analysis above). The 

CV was 41.5% and the ICC was 0.68 (95% CI 0.67 to 0.69), representing good agreement.143 

When values close to acute events were included in sensitivity analysis, there was slightly 
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higher variation (33,230 values for 10,365 patients: geometric mean 0.20 x10*9/L, CV 43.7%, 

ICC 0.66 (95% CI 0.65 to 0.67. Table 4.4 shows the variability in eosinophil count in subgroups 

of pre-specified baseline characteristics as detailed in Section 4.4.1 above. The largest 

difference was in sex, with females showing greater within-person variability (ICC 0.66 in 

females vs. 0.69 in males), but even this difference did not reach statistical significance. 

Table 4.4: Variability in eosinophil count by baseline characteristics (CPRD) 

 Values 
(n=) 

Patients 
(n=) 

Geometric 
mean 
(x10*9/L) 

Geometric 
SD 

CV (%) ICC (95% CI) 

Overall 29,799 9,473 0.20 1.415 41.5 0.68 (0.67-0.69) 
Age 
  <70 
  >=70 

 
12,892 
16,907 

 
4,209 
5,264 

 
0.20 
0.20 

 
1.405 
1.423 

 
40.5 
42.3 

 
0.68 (0.67-0.69) 
0.69 (0.67-0.70) 

Sex 
  Male 
  Female 

 
16,526 
13,273 

 
5,258 
4,215 

 
0.22 
0.18 

 
1.409 
1.424 

 
40.9 
42.4 

 
0.69 (0.67-0.70) 
0.66 (0.65-0.68) 

Smoking status 
  Ex 
  Current 

 
18,686 
11,049 

 
5,799 
3,650 

 
0.20 
0.20 

 
1.413 
1.419 

 
41.3 
41.9 

 
0.68 (0.67-0.69) 
0.69 (0.67-0.70) 

Exacerbations 
  0 or 1 
  >=2 

 
24,377 
4,818 

 
7,756 
1,537 

 
0.20 
0.21 

 
1.415 
1.418 

 
41.5 
41.8 

 
0.68 (0.67-0.69) 
0.67 (0.65-0.70) 

Asthma history 
  None 
  Historical 
  Current 

 
24,363 
4,384 
1,052 

 
7,808 
1,332 
333 

 
0.20 
0.20 
0.21 

 
1.416 
1.416 
1.403 

 
41.6 
41.6 
40.3 

 
0.68 (0.67-0.69) 
0.68 (0.66-0.70) 
0.69 (0.64-0.73) 

Atopy history 
  None 
  Atopy 

 
21,354 
8,445 

 
6,826 
2,647 

 
0.20 
0.21 

 
1.411 
1.426 

 
41.1 
42.6 

 
0.69 (0.68-0.70) 
0.67 (0.66-0.69) 

Figures calculated using random effects model. Only valid eosinophil counts are included (those close to acute 
events excluded). SD, standard deviation. CV, co-efficient of variation. ICC, intra-class correlation co-efficient. 

 

I also assessed variability by baseline characteristics using CV and geometric SD as dependent 

variables, and found no association of any of the same pre-specified baseline characteristics 

with variability (data not shown). 



 

Lastly, Bland-Altman approaches assessed the agreement between the most recent two 

values (n=9,473). As expected, correlation was high (r=0.70, p<0.001) (Figure 4.10). Figure 

4.11 shows the Bland-Altman plot. The mean difference was <0.01 x10*9/L (SD 0.12, 95% CI 

-0.01 to 0.00). Limits of agreement (within two standard deviations) were -0.25 to +0.24 

x10*9/L). Repeating the analysis with eosinophils close to exacerbation events included 

(n=10,365) increased the width of the limits of agreement by a small amount (mean 

difference <0.001 x10*9/L (SD 0.13, 95% CI -0.01 to 0.00), limits of agreement -0.26 to +0.25 

x109/L). 

There was a small but significant negative correlation of mean difference with the absolute 

mean (-0.06, p<0.001), and clearly visible increase in the spread as the magnitude of the 

eosinophil count mean increased. Figure 4.12 therefore shows the Bland-Altman plot 

displayed on the logarithmic scale due to the relationship between the difference and the 

mean, which removed the significant correlation (r=-0.02, p=0.07). Logarithmic ratio analysis 

gives a mean difference ratio of 0.99 (95% CI 0.98 to 1.00) (where 1.00 would be perfect 

agreement), with limits of agreement from 62% below to 159% above the other value. 



 

Figure 4.10: Scatter plot of most recent eosinophil count against second most recent 
eosinophil count (CPRD) (n=9,473) 

 

r=0.70, p<0.001 

Figure 4.11: Bland-Altman plot comparing difference against mean of most recent vs. 
second most recent eosinophil count (CPRD) 

 

Dotted line shows the mean difference (<0.01 x10*9/L, 95% CI -0.01 to 0.00) (indistinguishable from solid line 
which shows zero). Dashed lines show 2 standard deviations above and below the mean (+0.24 and -0.25 
respectively). Range -1.41 to +1.18. 
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Figure 4.12: Bland-Altman plot comparing difference against mean of most recent vs. 
second most recent eosinophil count (log transformed) (CPRD) 

 

Dotted line shows the mean difference (-0.01 log x10*9/L) (indistinguishable from solid line which shows zero). 
Dashed lines show 2 standard deviations above and below the mean (+0.95 and -0.98 respectively). Range -3.87 
to +2.88. All these measurements are on the log scale; exponentiated figures give ratios. Mean difference ratio 
is 0.99 (95% CI 0.98 to 1.00). For limits of agreement, this converts to 0.38 to 2.59, which means that for 95% of 
cases the two measurements may differ by 62% below to 159% above. 

 

Binary scale 

For binary classification into ‘high’ and ‘low’ eosinophil groups, Cohen’s kappa was used to 

assess repeatability between eosinophil values for the most recent two values (n=9,473). 

Cohen’s kappa (κ) was 0.53 for a 0.15 x10*9/L cut-off and 0.54 for a 0.34 x10*9/L cut-off 

(representing moderate agreement143), with little change when values close to acute events 

were included (κ=0.52 and 0.54 respectively, n=10,365). 

Table 4.5 shows diagnostic accuracy analysis to assess the predictive value of the most recent 

value for classifying someone as ‘high’ or ‘low’ eosinophil group, based on their mean value 

(‘reference test’). 



 

At the primary 0.15 x10*9/L threshold, a ‘high’ most recent result is 97.1% (95%CI 96.7 to 

97.5%) predictive of this being the patient’s ‘true’ eosinophil group, but a ‘low’ most recent 

result is less predictive (71.2%, 95% CI 69.5 to 72.8%). Using the higher threshold of 0.34 

x10*9/L, the converse is true: a ‘high’ most result is less (88.3%, 95%CI 86.7 to 89.7%) 

predictive of this being the ‘true’ value than a ‘low’ most recent result (93.6% predictive, 

95%CI 93.0 to 94.1%). Results did not differ greatly when values close to acute events were 

included (Table 4.5). 

 



 

Table 4.5: Diagnostic accuracy analysis assessing most recent eosinophil value vs. mean value (CPRD) 

 Index test group 
(most recent 
eosinophil value) 

Low 
eosinophil 
group 
(mean) (n=) 

High 
eosinophil 
group 
(mean) (n=) 

Sensitivity 
(%) 
(95% CI) 

Specificity 
(%) 
(95% CI) 

PPV 
(%) 
(95% CI) 

NPV 
(%) 
(95% CI) 

LR+ 
(95% CI) 

LR- 
(95% CI) 

Excluding values close to acute events (primary analysis) 
0.15x10*9/L 
threshold 

Low eosinophil (n=) 
High eosinophil (n=) 

2,040/2,230 
190/2,230 

826/7,243 
6,417/7,243 

88.6 
(87.8-89.3) 

91.5 
(90.2-92.6) 

97.1 
(96.7-97.5) 

71.2 
(69.5-72.8) 

10.4 
(9.07-11.9) 

0.12 
(0.12-0.13) 

0.34x10*9/L 
threshold 

Low eosinophil (n=) 
High eosinophil (n=) 

7,117/7,336 
219/7,336 

487/2,137 
1,650/2,137 

77.2 
(75.4-79.0) 

97.0 
(96.6-97.4) 

88.3 
(86.7-89.7) 

93.6 
(93.0-94.1) 

25.9 
(22.7-29.5) 

0.23 
(0.22-0.25) 

Including values close to acute events 
0.15x10*9/L 
threshold 

Low eosinophil (n=) 
High eosinophil (n=) 

2,232/2,454 
222/2,454 

921/7,911 
6,990/7,911 

88.4 
(87.6-89.1) 

91.0 
(89.7-92.1) 

96.9 
(96.5-97.3) 

70.8 
(69.2-72.4) 

9.77 
(8.61-11.1) 

0.13 
(0.12-0.14) 

0.34x10*9/L 
threshold 

Low eosinophil (n=) 
High eosinophil (n=) 

7,738/8,000 
262/8,000 

532/2,365 
1,833/2,365 

77.5 
(75.8-79.2) 

96.7 
(96.3-97.1) 

87.5 
(86.0-88.9) 

93.6 
(93.0-94.1) 

23.7 
(21.0-26.7) 

0.23 
(0.22-0.25) 

Only includes valid eosinophil values (see Section 2.2.5). Patients with only one eosinophil value have been excluded. Most recent result included in calculation of the patient 
mean. PPV, positive predictive value. NPV, negative predictive value. LR+, positive likelihood ratio. LR-, negative likelihood ratio. 



 

 

4.4.3 Prospectively collected in the COMET study 

Continuous scale 

As for CPRD, I found that the within-person variation was proportional to the within-person 

mean (Figure 4.13) and this was confirmed using Kendall’s tau method (tau-b 0.40, p<0.001). 

Converting the eosinophil counts to logarithmic scale removed this proportionality (tau-b -

0.13, p=0.06), so this was used for all subsequent analyses. 

Figure 4.13: Individual patient's standard deviations plotted against their means (COMET) 

n=318 values for 89 patients  

Using the random effects model, the geometric mean was 0.16 x10*9/L (mean identical to 

that for the within-person geometric mean eosinophil count used in the distribution analysis 

above). The CV was 38.5% and the ICC was 0.83 (95% CI 0.77 to 0.87), representing excellent 
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agreement.143 Sensitivity analyses as described in Section 4.4.1 above produced very similar 

results (data not shown). Table 4.4 shows the variability in eosinophil count in subgroups of 

pre-specified baseline characteristics. There are significant differences between the 

subgroups in terms of non-overlapping confidence intervals for ICC, with eosinophils 

appearing more stable (higher ICC) in those who are older, male, ex-smokers with no atopy 

but who do have positive bronchodilator reversibility. 

Table 4.6: Variability in eosinophil count by baseline characteristics (COMET) 

 Values 
(n=) 

Patients 
(n=) 

Geometric 
mean 
(x10*9/L) 

Geometric 
SD 

CV (%) ICC (95% CI) 

Overall 318 89 0.16 1.385 38.5 0.83 (0.77-0.87) 
Age 
  <70 
  >=70 

 
131 
187 

 
37 
52 

 
0.17 
0.15 

 
1.537 
1.254 

 
53.7 
25.4 

 
0.74 (0.61-0.84) 
0.91 (0.86-0.94) 

Sex 
  Male 
  Female 

 
217 
101 

 
62 
27 

 
0.18 
0.13 

 
1.285 
1.559 

 
28.5 
55.9 

 
0.90 (0.85-0.93) 
0.64 (0.46-0.79) 

Smoking status 
  Ex-smokera 
  Current 

 
200 
118 

 
55 
34 

 
0.17 
0.15 

 
1.259 
1.560 

 
25.9 
56.0 

 
0.90 (0.85-0.93) 
0.75 (0.61-0.85) 

Exacerbations 
  0 or 1 
  >=2 

 
298 
20 

 
83 
6 

 
0.16 
0.20 

 
1.395 
1.203 

 
39.5 
20.3 

 
0.82 (0.76-0.87) 
0.91 (0.72-0.98) 

Asthma history 
  None 
  Historical 

 
308 
10 

 
86 
3 

 
0.16 
0.16 

 
1.392 
1.101 

 
39.2 
10.1 

 
0.83 (0.77-0.87) 
0.90 (0.56-0.99) 

Reversibility 
  Negative 
  Positive 

 
241 
77 

 
67 
22 

 
0.16 
0.16 

 
1.432 
1.204 

 
43.2 
20.4 

 
0.70 (0.60-0.79) 
0.97 (0.94-0.99) 

Atopy history 
  None 
  Atopy 

 
239 
79 

 
67 
22 

 
0.17 
0.15 

 
1.314 
1.566 

 
31.4 
56.6 

 
0.89 (0.84-0.92) 
0.57 (0.37-0.76) 

Figures calculated using random effects model. CV, co-efficient of variation. ICC, intra-class correlation co-
efficient. Geometric means are slightly different from those given in earlier sections because this analysis 
excludes those with only one value (n=4). 
a Passive smokers classified as ex-smokers due to small numbers (n=2). 

 



 

In the regression modela using CV and geometric SD as dependent variables to assess 

variability by baseline characteristics, sex and positive bronchodilator reversibility showed a 

significant association with SD (p=0.03 and p=0.04 respectively), but no significant association 

with CV. 

Lastly, Bland-Altman approaches assessed the agreement between the first two values. As 

expected, correlation was high (r=0.87, p<0.001) (Figure 4.14). Figure 4.15 shows the Bland-

Altman plot. The mean difference was 0.02 x10*9/L (SD 0.07, 95% CI 0.00 to 0.03). Limits of 

agreement (within two standard deviations) were -0.16 to +0.13 x10*9/L). There was no 

significant correlation of mean difference with the absolute mean (-0.17, p=0.12). Repeating 

the analysis using the first and last values for each participant made minimal difference to 

results (mean difference 0.01 x10*9/L (SD 0.08, 95% CI 0.01-0.03), limits of agreement -0.17 

to +0.15 x10*9/L). Sensitivity analyses as described in Section 4.4.1 above did not result in 

any significant change to results (data not shown). Figure 4.16 shows the Bland-Altman plot 

displayed on the logarithmic scale.b This gives a mean difference ratio of 0.94 (95% CI 0.87 to 

1.01) (where 1.00 is perfect agreement) and limits of agreement of 53% below to 89% above 

the previous value. 

                                                      
a Regression model adjusted for sex, age category, baseline exacerbations, asthma, smoking status, and positive 
reversibility and built using stepwise build. 
b Although there was no significant correlation between the difference and the mean, doing logarithmic analysis 
would enable easier comparison with CPRD results. 



 

Figure 4.14: Scatter plot of first eosinophil count against second eosinophil count (COMET) 
(n=89) 

 

r=0.87, p<0.001 
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Figure 4.15: Bland-Altman plot comparing difference against mean of first vs. second 
eosinophil count (COMET) 

Dotted line shows the mean difference (-0.02 x10*9/L, 95% CI 0.00 to 0.03). Solid line indicates zero. Dashed 
lines show 2 standard deviations above and below the mean (+0.13 and -0.16 respectively). Range -0.43 to +0.17. 
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Figure 4.16: Bland-Altman plot comparing difference against mean of first vs. second 
eosinophil count (log transformed) (COMET) 

 

Dotted line shows the mean difference (-0.06 log x10*9/L). Solid line indicates zero. Dashed lines show 2 
standard deviations above and below the mean (+0.64 and -0.77 respectively). Range -2.10 to +1.14. All these 
measurements are on the log scale; exponentiated figures give ratios. Mean difference ratio is 0.94 (95% CI 0.87 
to 1.01). For limits of agreement, this converts to 0.47 to 1.89, which means that for 95% of cases the two 
measurements may differ by 53% below to 89% above. 

 

Binary scale 

For binary classification into ‘high’ and ‘low’ eosinophil groups, Cohen’s kappa was used to 

assess repeatability between eosinophil values for the first two values (n=89). Cohen’s kappa 

(κ) was 0.79 for a 0.15 x10*9/L cut-off and 0.78 for a 0.34 x10*9/L cut-off (representing 

substantial agreement143). When first and last values were used instead, agreement was 

reduced to 0.61 and 0.71 respectively (but still representing substantial agreement143). 
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Table 4.7 shows diagnostic accuracy analysis to assess the predictive value of the baseline 

value for classifying someone as ‘high’ or ‘low’ eosinophil group, based on their mean value 

(‘reference test’). 

At the primary 0.15 x10*9/L threshold, a ‘high’ baseline result is 90.9% (95%CI 80.0 to 97.0%) 

predictive of this being the patient’s ‘true’ eosinophil group, and a ‘low’ baseline result is 

88.2% (95% CI 72.5 to 96.7%) predictive. Using the higher threshold of 0.34 x10*9/L, the 

converse is true: a ‘high’ baseline is less (81.3%, 95%CI 54.4 to 96.0%) predictive of this being 

the ‘true’ value than a ‘low’ baseline result (97.3% predictive, 95%CI 90.5 to 99.7%). 



 

Table 4.7: Diagnostic accuracy analysis assessing baseline eosinophil value vs. mean value (COMET) 

 Index test group 
(baseline eosinophil 
value) 

Low 
eosinophil 
group 
(mean) (n=) 

High 
eosinophil 
group 
(mean) (n=) 

Sensitivity 
(%) 
(95% CI) 

Specificity 
(%) 
(95% CI) 

PPV 
(%) 
(95% CI) 

NPV 
(%) 
(95% CI) 

LR+ 
(95% CI) 

LR- 
(95% CI) 

0.15 
x10*9/L 
threshold 

Low eosinophil (n=) 
High eosinophil (n=) 

30/35 
5/35 

4/54 
50/54 

92.6 
(82.1-97.9) 

85.7 
(69.7-95.2) 

90.9 
(80.0-97.0) 

88.2 
(72.5-96.7) 

6.5 
(2.9-14.6) 

0.09 
(0.03-0.22) 

0.34 
x10*9/L 
threshold 

Low eosinophil (n=) 
High eosinophil (n=) 

71/74 
3/74 

2/15 
13/15 

86.7 
(59.5-98.3) 

95.9 
(88.6-99.2) 

81.3 
(54.4-96.0) 

97.3 
(90.5-99.7) 

21.4 
(6.9-65.9) 

0.14 
(0.04-0.51) 

Patients with only one eosinophil value have been excluded. Baseline value is excluded from calculation of the participant mean. PPV, positive predictive value. NPV, negative 
predictive value. LR+, positive likelihood ratio. LR-, negative likelihood ratio.



 Discussion 

This chapter has compared the distribution, baseline characteristics and variation of blood 

eosinophils in both the CPRD and COMET cohorts. Each study is discussed in turn, followed 

by a final section bringing findings from both studies together. 

4.5.1 CPRD study 

Summary of findings 

Eosinophils had been tested in the previous two years for 64% of patients, at a median of 

5.4 months before the initiation of inhaled maintenance treatment. The eosinophil 

geometric mean was 0.20 x10*9/L. Using a threshold of 0.15 x10*9/L for binary 

categorisation, 69% patients were classified as being in the ‘high’ eosinophil group, which, 

as expected, decreased to 19% if this binary threshold was increased to 0.34 x10*9/L. This 

was seen because half (50%) of patients fall into a ‘medium’ category between 0.15 and 

0.34 x10*9/L. Patients who were more likely to be in the higher eosinophil group were 

found to be younger, male, ex-smokers, atopic, with frequent exacerbations (including the 

need for more prescriptions for oral steroids or GP consultations), increased requirement 

of salbutamol (suggesting increased symptom burden), and more co-morbidities. However, 

there was no association with active or historical asthma. Although interesting, these 

statistically significant associations may be related to large sample size rather than to 

clinically important differences.  

Variation between repeated measurements increased as the eosinophil count increased. 

ICC was 0.68 (95% CI 0.67 to 0.69), representing good agreement.143 On continuous 

analysis, the mean difference was small (<0.01 x10*9/L) and confidence limits included 



 

there being no difference between values on both the untransformed and logarithmic 

scales, but with clear increase in limits of agreement as the eosinophil value increased (i.e. 

much more variability with increasing eosinophil count). Higher variation occurred when 

values close to acute events were included, but not in a way which is likely to translate into 

clinical significance (ICC reduced to 0.66). Degree of variability did not differ by baseline 

characteristics either using subgroup analysis to calculate ICC, or regression analysis using 

other statistical markers of variation. Comparing only two values, there was 

moderate/substantial agreement using binary categorisations (κ=0.53 and 0.54 for 0.15 

and 0.34 x10*9/L cut-offs respectively);143 in diagnostic accuracy analysis the measurement 

in question (‘index test’) was only highly predictive of this being the ‘true’ group if this was 

the group with higher prevalence (i.e. depending on which cut-off was being used). 

Strengths and limitations 

This study is the largest and most detailed so far assessing distribution of eosinophil count 

and variability from patients with COPD in the CPRD. My findings add to the existing 

evidence in several ways. I performed sensitivity analyses excluding a history of asthma, 

atopy and the proximity of measurement of eosinophil count to exacerbations, which in 

turn produced similar results to the main analyses. This suggests reliability of the main 

findings and thus generates answers to the study objectives, which focused on those 

patients starting a new inhaled maintenance medication that may or may not have 

included an ICS. Careful consideration was given to defining and isolating valid eosinophil 

counts at the data management stage, incorporating clinical judgement and discussion 

with laboratory staff – for example in relation to any effect on eosinophil count of acute 

respiratory illness, or acute infection, or season of blood test (Section 2.3.3). However, 



 

incorporating further sensitivity analyses relating to decisions made about eosinophils at 

this data management stage, for example including eosinophil counts of zero or excluding 

less conventional units, would have increased confidence in my findings. My analysis of 

eosinophil testing has advantages over several other approaches, in that I used different, 

more appropriate and rigorous statistical methods in which both binary and continuous 

assessment of eosinophil count were analysed, such as ICC and Bland-Altman which are 

not reliant on the use of a single threshold to determine repeatability. I also included 

assessment using the primary eosinophil threshold of 0.15 x10*9/L, and secondary 

threshold of 0.34 x10*9/L for the majority of analyses, and for eosinophil distribution at 

five additional eosinophil threshold values. 

The cohort size was reduced by only being able to assess those who had valid eosinophil 

counts: only 64% had had full blood count (and therefore eosinophils) tested in the two 

years prior to the index date. Although patients may have had a full blood count before 

this period, it suggests that compliance with the guideline recommendation to do a full 

blood count at the point of COPD diagnosis10 is not universally followed. It seems more 

likely that patients living with COPD will have had a full blood count for reasons other than 

their COPD. Although findings were similar when results within two weeks of an acute 

respiratory illness or when individuals with an elevated CRP were excluded (Section 2.3.3), 

there are many other reasons a patient might have had a blood test. Full blood counts may 

have been requested, for example, during an  acute illness (perhaps infection or anaemia) 

or as part of assessing other chronic diseases such as chronic renal failure, which were not 

recorded in this study, but could have had an effect on eosinophil count, or COPD 

outcomes. Patients with a valid eosinophil count were more likely to be older, with more 



 

GP consultations and co-morbidities, which may be surrogate markers of high contact with 

primary care services and likelihood of having more frequent blood tests in general, rather 

than anything related to the COPD. There was an increased testing in general over time, 

which may relate to a more general propensity to involve blood tests as part of primary 

care diagnosis and management. Importantly, there was no difference in primary outcome 

between whether patients had been tested or not, suggesting that using this data to 

answer subsequent study objectives is likely to be valid. 

Most full blood count tests were taken in the six months before initiation of new inhaled 

maintenance medication (median 5.4 months), and therefore fairly recent, but some blood 

tests will have been taken up to two years before initiation. This may have added more 

variability and changes in relation to baseline characteristics, which could change during 

that time, as well as greater distance from outcomes assessed. In future studies and in 

additional analyses of my data, length of time since full blood count measurement could 

be included in further sensitivity analyses. 

As discussed in Section 1.2.3, the eosinophil count is likely to vary in individuals with co-

morbidities other than COPD. Many of these were not recorded in this study, although key 

co-morbidities such as asthma and atopy were recorded. However, atopy is a broad 

definition rarely coded in its own right, and so this group of patients may have been 

incorrectly identified. In this study, higher eosinophils were associated with atopy and 

increased prescriptions for oral steroids and salbutamol inhalers, but not associated with 

active or historical asthma diagnoses. This may therefore reflect those with a more asthma-

like phenotype, but with no asthma-related code in their primary care record. Variability 

was not associated with these underlying co-morbidities in my study. Additional sensitivity 



 

analyses here would have been useful for further delineating these relationships and 

increasing our confidence in these findings. 

Diagnostic accuracy assessment of repeatability was performed as this was recommended 

as one of the statistical techniques which could be used for binary-categorised 

measurements,143 and has been used in other CPRD studies.100 However, the most recent 

value (‘index test’) had to be used in the calculation of the mean due to the small numbers 

of those who had three or more eosinophil tests, and this risks introducing incorporation 

bias, which is a potential limitation.145  

Comparison with other literature 

Despite differences in inclusion criteria in other study cohorts (discussed in Section 2.6.2), 

my study findings are generally consistent with those in the published literature, 

particularly for eosinophil distribution and repeatability. However, key differences will now 

be discussed in turn. 

In terms of eosinophil distribution, the different thresholds used by other studies, or use 

of relative rather than absolute eosinophils, make comparisons difficult. Other CPRD 

studies which examined a continuous rather than binary distribution, found a mean 

eosinophil count of 0.20100 and 0.2395 x10*9/L (vs. 0.20 x10*9/L in my study), but it is not 

clear for the geometric mean was not used in one of the other studies, which would have 

resulted in a higher untransformed mean with a right-skewed distribution. Other database 

studies107  have also found spikes in histogram distributions due to rounding of eosinophil 

values to the nearest 0.1 x10*9/L. 



 

Multiple post-hoc analysis of ICS trials has been conducted. A systematic review, by Cheng 

et al, found that the percentage of those classified as greater than 2% eosinophils (relative 

to total leucocyte count) varied from 32 to 75% between studies, with a mean of 60%;109 

using the same threshold, the percentage was higher (69.2%) in this study. My data from a 

primary care population is likely to be more representative of the wider COPD population 

than this data by Cheng et al. As discussed in Section 1.2.1, COPD trial populations are very 

different to the general COPD population,16,17 and eosinophil counts taken from primary 

care records are likely to be extremely accurate. It may be because those in COPD trials are 

more likely to be recruited in secondary care with more severe disease and more frequent 

exacerbations, and eosinophil counts are known to differ between such populations and 

those cared for predominantly in primary care.101,146 In this study, I found that patients with 

more frequent exacerbations were more likely to be in the higher eosinophil group, and 

those with  more severe airflow limitation were more likely to be in the lower eosinophil 

category. The finding that higher eosinophils are associated with increased exacerbations 

is now recognised as a feature of the utility of eosinophils in COPD.35 

Other studies have also varied in terms of association of baseline characteristics with 

eosinophil count. Several studies have found no association with baseline 

characteristics,56,131,133,137 but have a much smaller sample size relative to my CPRD study, 

so it may be that the large study size here enables weak relationships to be better 

elucidated. The most repeatable finding between studies appears to be the higher 

eosinophil counts in males,47,91,107, with conflicting findings with regards smoking status, 

age, and exacerbation history,47,91 although some studies, including ECLIPSE, also found 

high eosinophils were associated with higher FEV1  (which was present in unadjusted 



 

analysis in my CPRD cohort).47,147 I found no association with asthma history, which has 

been found to be associated with higher eosinophils in some other studies;75,91,107 this may 

be because my ICS-naïve inclusion criterion has excluded those with a more asthma-like 

phenotype who might be more likely to have been on ICS for some time. However, this is 

not universal, and a study comparing those with asthma and COPD found similar blood 

eosinophil levels (0.20 x10*9/L) between groups, but a much higher sputum eosinophil 

(2.6% (95% CI 1.6-4.2) in asthma vs. 1.2% (95% CI 0.8-1.9) in COPD).44 It is widely recognised 

that smoking per se affects sputum counts in patients with COPD (less likely to smoke in 

asthma) and this could thus explain sputum differences in asthma and COPD.148 As sputum 

differential counts are not routinely measured in primary care, I could not make any 

evaluation of this in my studies. 

The aspects of the CPRD study on eosinophil repeatability add significantly to the literature, 

as the majority of studies focus on a single eosinophil count rather than repeated 

measures. For example, the DiSantostefano et al study,91 which provides other useful data 

on associations of eosinophil count with baseline characteristics, is limited by being a single 

snapshot of patients included in the NHANES survey. This was based on spirometry findings 

and not a clinician diagnosis of COPD, as well as being a selected population of under 80 

years old and with various co-morbidities excluded. Findings may therefore be less 

generalisable to routine clinical practice. 

There have been few database studies addressing the question of eosinophil repeatability, 

and those that have used classification into groups based on stability over time,95,100 which 

was similar to my diagnostic accuracy analysis. In their CPRD study, Landis et al looked at 

diagnostic accuracy of staying above threshold values and summarised their findings 



 

beautifully as “The probability of correct classification is lowest for individuals whose true 

mean is close to the threshold of interest”.100 This would mean that using a low threshold 

of 0.15 x10*9/L to guide ICS treatment would result in the majority of patients being given 

an ICS due to a raised value at some point. 

Landis et al found repeated values available for a similar number of patients compared to 

my study (54% vs. 52%), despite a different cohort definition of patients in the 6 months 

after COPD diagnosis.100 There was similar ICC on continuous analysis in this study (0.64) 

and in another database study (Kerkhof et al) using the OPCRD (0.56),149a compared to 0.68 

in my CPRD study. The Landis study similarly found that ICC decreased when those with 

more exacerbations in the baseline period were included;100 the Kerkhof study deliberately 

did not adjust for baseline exacerbations due to concerns that this could result in 

overadjustment bias.149,150 Findings for how baseline characteristics can predict variation 

have been rather contrasting.95,100 The Landis study interestingly did an autocorrelation 

analysis to determine after what duration of time a repeat eosinophil count would be 

completely independent of the previous one, which resulted in a suggestion that one 

should wait at least fourteen days before repeating.100 

4.5.2 COMET study 

Summary of findings 

The geometric mean for eosinophil counts was 0.16 x10*9/L. Eosinophil counts  were 

slightly lower in COMET than in the CPRD sample (59% ‘high’ using 0.15 cut-off; 16% using 

0.34 cut-off; and 43% in ‘medium’ category (vs. 69%/19%/50% in CPRD)). There was no 

                                                      
a This value is taken from correspondence related to another study, and is reported from unpublished work 
by the author. 



 

statistically significant  association between eosinophil counts and  any baseline 

characteristic, apart from  a trend towards a higher count in males (difference 0.05 

x10*9/L, p=0.08), suggesting that the lack of associations in COMET compared to CPRD may 

be related to the smaller sample size. 

As in the CPRD study, variation between repeated measurements increased as the 

eosinophil count increased. The ICC was 0.83 (95% CI 0.77 to 0.87), representing excellent 

agreement.143 On continuous analysis, mean difference was small (0.02 x10*9/L) and again 

there was no difference between values on both the untransformed and logarithmic scales, 

but with clear increase in variability as eosinophil count increased. In contrast to the CPRD 

study, eosinophil counts in this study were significantly more stable over time in those who 

were older, male, ex-smokers with no atopy but who did have positive bronchodilator 

reversibility. Comparing only two values, there was moderate/substantial agreement using 

binary categorisations (κ=0.79 and 0.78 for 0.15 and 0.34 x10*9/L cut-offs respectively);143 

in diagnostic accuracy analysis the measurement in question (‘index test’) was only highly 

predictive of this being the ‘true’ group if this was the group with higher prevalence (i.e. 

depending on which cut-off was being used). 

Strengths and limitations 

The COMET study is a novel, hypothesis-driven individually-recruited observational study 

that prospectively recorded repeated eosinophil measurements in a steroid-naïve COPD 

population in primary care. The findings presented here are novel and potentially useful, 

especially the finding about eosinophil repeatability which has not previously been studied 

in this way, or with such statistical rigour. Most participants had four study-specific 

eosinophil counts performed, without the biases associated with retrospective database 



 

studies (i.e. it not being completely clear why the full blood count was done). Eosinophils 

were, on average, lower in the prospective COMET cohort than in the CPRD retrospective 

cohort (0.16 vs. 0.20) more stable (lower SD and IQR of mean), and with greater 

repeatability of repeated measurements. This could relate to the slightly differing 

populations, as discussed in Section 3.6.2, where those in CPRD are more likely to be at the 

point of a deteriorating disease state rather than fairly stable; that more extreme values 

are found in the CPRD cohort were not  captured by the smaller sample size of COMET; or 

that the COMET study, by its design, was in a more controlled study setting and testing was 

over a shorter overall duration. This shorter study duration is a limitation though, in that it 

would also have been helpful to know how eosinophil count varies over a longer duration 

in this population. Duration of follow up was contained by feasibility parameters of the 

doctoral program nature of the COMET study. 

Sensitivity analyses were conducted for mean vs. single eosinophil value, bronchodilator 

reversibility and excluding those who did not fulfil diagnostic criteria for COPD, and these 

had minimal impact on results. However, sensitivity analyses in a small prospective, 

hypothesis-driven cohort study are likely to be less important compared to larger, 

retrospective database studies. Many patients did not have “gold standard” diagnostic 

spirometry conducted either at baseline or previously recorded in their notes, and there 

was a high proportion (22%) of patients with bronchodilator reversibility, suggesting that 

some patients had asthma rather than COPD (as previously discussed in Section 3.6.2). 

However, this is the reality of general practice, in that many of these patients are being 

managed as having COPD, and in some respects, this is more useful for translation of 

findings to everyday practice, compared with studies that relied on strict spirometry entry 



 

criteria in terms that may not be attainable in routine primary care. As also discussed in 

Section 3.6.2 in relation to cohort demographics, the study population (by virtue of being 

steroid-naïve and fit enough to want to participate in a study) was made up of those who 

had less severe and greater stability of disease, with relatively few exacerbations. This may 

make the findings of eosinophil distribution and variability less generalisable to the whole 

COPD population, particularly those who would be at the point of initiating or increasing 

inhaled maintenance medication. 

Comparison with other literature 

Eosinophil distribution in the COMET study resulted in a high number of patients being 

classed as having ‘high’ eosinophil counts (69%), which would result in a very high number 

of people being given ICS, if this were used as the cut-off for treatment. This proportion is 

much higher than in the trial populations, and likely to be reflective of lower values 

generally in primary care, which is a novel finding. These findings are likely to be valid, as 

both studies indicate this, and the potential reasons for the difference compared to trials 

are discussed above in Sections 2.6.1, 2.6.2 and 4.5.1. That said, in the COMET study the 

generalisability of findings to all COPD patients is a potential issue for external validity, as 

patients were generally stable and with mild disease, rather than requiring further medical 

input resulting in a change of their medication. 

Looking at absolute eosinophil counts, findings are similar to other prospective cohort 

studies, including a large German COPD cohort of 2,741 patients, where a fifth or fewer of 

patients had ‘high’ eosinophils when a high threshold of 0.30 or 0.34 x10*9/L was used, 

but when this reduced to 0.15 x10*9/L it encompassed the majority of patients.134,135  



 

The COMET study found a higher eosinophil count in males which is similar to other studies, 

but given the use of the mean eosinophil value to look for associations with baseline 

characteristic and the fact that only 93 patients could be included in this analysis, sample 

size is likely to be a limitation for precision of my parameter estimation. 

In contrast, the use of repeated values to assess variability of eosinophil values is a key 

strength of this study, as this has rarely been investigated elsewhere, and 318 samples 

were available for this analysis. The ICC for COMET was 0.83 (95% CI 0.77 to 0.87) (excellent 

agreement)143 and this is higher than in the Leicester MRC COPD cohort (ICC 0.79 over 3 

months),35 which is not unexpected as this was a secondary care population in which most 

patients were receiving inhaled corticosteroids where we would expect a greater 

variability. Interestingly, repeatability of sputum (rather than blood) eosinophil counts has 

only been moderate (0.63151 and 0.49152), albeit over shorter durations of 2 and 12 weeks 

respectively, and this suggests that blood eosinophil count may be a more stable biomarker 

to use, as well as being easier to obtain than sputum counts. 

The finding that variability of eosinophil count increases with magnitude of eosinophil 

count (i.e. it is less repeatable for higher values) has been replicated in other prospective 

cohort studies.131 In keeping with this, concordance between two values decreases as the 

eosinophil cut-off increases;153 and with a low threshold of 0.15 x10*9/L, 65 to 74% 

patients had at least one count above this value when repeated.132,135 This means that the 

majority of patients would be classified as ‘high’ eosinophils and potentially be prescribed 

ICS if this cut-off were being used to guide ICS prescribing. 



 

4.5.3 Conclusions 

The various objectives on eosinophil testing, distribution, association with baseline 

characteristics and repeatability have been fulfilled. It is a great strength that similar 

questions targeted at very different cohorts, one in a primary care database and another 

in a prospective observational study, with different inclusion criteria, resulted in similar 

findings, particularly for repeatability where the COMET study provides a large number of 

data points, and where both study findings are congruent with other published study 

findings. This is the only prospective study that has examined repeatability and stability of 

eosinophils in a novel, detailed and statistically accurate way, in a primary care population. 

The study designs may also bring potential biases in terms of reasons for FBC being tested 

(CPRD), and in terms of generalisability in terms of the relatively mild included population 

(COMET), but multiple strategies were used to minimise these biases. 

Implications for clinical practice and future research will be discussed in detail in the final 

chapter. However, key points to take forwards include that the majority of primary care 

patients lie in the ‘medium’ category of eosinophils 0.15 to 0.34 x10*9/L, such that if a 

single binary threshold is used, where it is placed will make a big difference to how patients 

are classified; and that as repeatability varies according to the eosinophil count, a single 

value is likely to be more useful for decision-making at lower eosinophil counts. 

  



 

Chapter 5: Eosinophil counts in primary care 
COPD populations: association with 
outcomes 

This chapter presents the results and discussion of the descriptive component of the CPRD 

study (aim Ib), assessing the association of blood eosinophils with disease prognosis. The 

cohort was established primarily for the purpose of answering aim II, and therefore these 

results are presented as exploratory analysis. 

Main methods for developing the cohort were presented in Chapter 2, but detailed 

statistical methods, including subgroup and sensitivity analyses, are presented here. 

To summarise, aims for this part of the study were as follows: 

Ib: To investigate whether baseline blood eosinophil count predicts disease outcomes over 

time, in the population starting a new inhaled maintenance treatment 

Including specific objectives: 

 To assess disease outcomes in the time period following starting the new inhaled 

maintenance treatment 

 To assess the contribution of baseline blood eosinophil counts to disease outcomes 

Outcomes for the entire cohort (not just those who had valid eosinophil counts) were 

described in Section 2.5. Results in this chapter focus on the whole population commencing 

a new inhaled maintenance medication, regardless of what the drug group was (Chapter 6 

will go on to detail analyses by drug group (ICS vs. non-ICS) to establish ICS responsiveness 

by eosinophil group). 



 

 

 Methods 

5.1.1 Detailed statistical methods 

A Cox proportional hazards model was used to assess disease outcomes (time-to-first 

exacerbation, pneumonia, hospitalisation and death) in the period following starting the 

new inhaled maintenance treatment (index group), by eosinophil group. I excluded 

patients with events in the first 30 days following index date to reduce protopathic bias 

(when treatment appears to cause the outcome due to lag time from first symptoms and 

start of treatment before diagnosis), as in other studies.89 For the main models, the 

proportional hazards assumption was assessed both graphically and using formal statistical 

tests; for those variables where it was not met (p<0.05), the model was re-run using the 

time-dependent variable command for these variables to check that it did not make any 

difference to the outcomes of interest. 

5.1.2 Subgroup and sensitivity analyses 

I conducted subgroup analyses by exacerbation history and smoking status, and stratifying 

eosinophils into low (<0.15), medium (0.15-<0.34) and high (≥0.34) groups. The addition of 

sub-group analysis from current smokers followed recent publication of post-hoc analysis 

of trials suggesting that current smokers particularly benefit from ICS59. 

Sensitivity analyses of the exacerbation outcome were as follows: 

 different cut-offs for blood eosinophils (0.10, 0.20, 0.30, 0.34 (as this had been used 

in other recently published studies74,95), 0.40 and 0.50 x10*9/L); percentage 

eosinophils (<2%, ≥2-<4% and ≥4%)); low (<0.15), medium (0.15-<0.34) and high 



 

(≥0.34) groups; and continuously (which tells us if there is a linear effect for 

presence or absence of association which is most useful to look at for overall 

association; transformed data were used as appropriate) 

 using mean of blood eosinophils over prior two years, rather than most recent value 

before index date 

 including blood eosinophil values close to an acute event 

 excluding those with the highest eosinophils (≥0.5 x10*9/L) 

 including season of eosinophil test (see Section 2.3.3) 

 excluding patients with current asthma and any history of asthma 

 excluding patients with a history of atopy 

 including those who experienced an event in the first month after index date 

 including airflow limitation severity and MRC breathlessness scale in the model (see 

Section 2.2.9) 

 adding drug type to the modela 

 Time-to-first exacerbation outcome 

963 patients had an exacerbation in the first month after initiating treatment and were 

excluded from this analysis. The remaining 17,272 patients provided 77,189 years of 

follow-up (median 4.1 years per person (IQR 2.2 to 6.4; range 0.5 to 11.2)), of whom 12,529 

(72.5%) experienced an exacerbation during follow-up. Table 5.1 shows the main Cox 

regression model and Figure 5.1 shows the Kaplan-Meier curve; there was a longer time-

to-first exacerbation in the high eosinophil group but this did not quite reach significance 

(adjusted HR 0.96 (95% CI 0.93 to 1.00, p=0.07). 

                                                      
a Thia was following queries at conferences whether an association in the continuous model was related to 
the effect of drug type. 



 

Table 5.1: Cox regression model for time-to-first exacerbation of cohort with valid 
eosinophil counts 

Valid blood eosinophil 
count 
 

Median time-to-
first exacerbation 
(years) (95% CI) 

Unadjusted hazard 
ratio for time-to-first 
exacerbation 
(95% CI, p-value) 
n=17,272 

Adjusted hazard ratio for 
time-to-first 
exacerbation 
(95% CI, p-value) 
n=17,194 

Low (<0.15 x10*9/L)  1.53 (1.44-1.61) 1.00 (ref) 
n=5,354 

1.00 (ref) 
n=5,322 

High (≥0.15 x10*9/L)  1.63 (1.57-1.68) 0.98 (0.94-1.01), p=0.22 
n=11,918 

0.96 (0.93-1.00), p=0.07 
n=11,872 

Hazard ratios calculated using Cox regression, adjusted for: age group; sex; socio-economic status; smoking 
status; asthma history; atopy history; baseline exacerbations, pneumonia episodes, oral steroid 
prescriptions, and salbutamol inhaler prescriptions; theophylline, nebuliser and oxygen use; baseline non-
elective hospitalisations and GP consultations; Charlson co-morbidity index; influenza and pneumococcal 
vaccination; and year of index prescription. Variables were included in multivariate analysis if p<0.10 in 
univariate analysis or likely clinical importance (asthma status). Adjusted n=17,194 due to complete case 
analysis (missing data for socio-economic status and smoking status). For some variables in the model the 
proportional hazards assumption was not met (baseline exacerbations, pneumonia episodes, oral steroid 
prescriptions, and salbutamol inhaler prescriptions; nebuliser use; baseline non-elective hospitalisations and 
GP consultations; pneumococcal vaccination). However, incorporating them into the model with the time-
dependent variable command made no difference to the key results. 
(ref), reference group 

 



 

Figure 5.1: Kaplan-Meier curve for time-to-first exacerbation in high vs. low eosinophil 
groups 

 

5.2.1 Analysis with different eosinophil thresholds 

Distribution of patients between eosinophil count groups using different thresholds was 

shown in Figure 4.5. Table 5.2 shows unadjusted and adjusted hazard ratios for time-to-

first exacerbation for different eosinophil thresholds, as well as continuous analysis. There 

was no, or weak, association of blood eosinophil count with exacerbation outcome when 

eosinophil count was analysed as a binary variable with different thresholds in unadjusted 

or adjusted analyses. There was no association when blood eosinophils were grouped into 

three categories by count (<0.15, 0.15-<0.34, ≥0.34 x10*9/L) or by percentage (<2, 2-4, 

≥4%) in unadjusted or adjusted analyses. There was a weak association between higher 

eosinophils and a longer time-to-first exacerbation (i.e. better prognosis) in continuous 
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adjusted analysis using log-transformed eosinophils (adjusted HR 0.97, 95% CI 0.94 to 1.00, 

p=0.03). 

Table 5.2: Outcomes for time-to-first exacerbation for different eosinophil thresholds 
(CPRD) (sensitivity analysis) 

 Unadjusted hazard ratioc for 
high vs. low eosinophil group 
(95% CI, p-value) 

Adjusted hazard ratioc for 
high vs. low eosinophil group 
(95% CI, p-value) 

Eosinophil thresholdsa (sensitivity analysis) 
  0.10 x10*9/L 
  0.15 x10*9/L (main analysis) 
  0.20 x10*9/L 
  0.30 x10*9/L 
  0.34 x10*9/l 
  0.40 x10*9/L 
  0.50 x10*9/L 

1.00 (0.92-1.08), p=0.97 
0.98 (0.94-1.01), p=0.22 
0.99 (0.95-1.03), p=0.56 
0.99 (0.96-1.03), p=0.74 
0.98 (0.94-1.03), p=0.50 
1.00 (0.95-1.04), p=0.88 
1.00 (0.94-1.07), p=0.99 

0.98 (0.90-1.06), p=0.54 
0.96 (0.93-1.00), p=0.07 
0.98 (0.94-1.01), p=0.22 
0.97 (0.94-1.01), p=0.15 
0.95 (0.91-1.00), p=0.03 
0.97 (0.92-1.01), p=0.15 
0.97 (0.91-1.03), p=0.28 

Eosinophil categorical analysis (subgroup analysis) 
<0.15 x10*9/L (n=5,354) 
0.15-0.34 x10*9/L (n=8,575) 
≥0.34 x10*9/L (n=3,343) 

1.02 (0.98-1.06), p=0.29 
1.00 (ref) 
0.99 (0.95-1.04), p=0.77 

1.02 (0.98-1.07), p=0.23 
1.00 (ref) 
0.96 (0.92-1.01), p=0.09 

Eosinophil percentagesb (subgroup analysis) 
<2% (n=5,312) 
2-4% (n=7,290) 
≥4% (n=4,645) 

1.02 (0.98-1.06), p=0.37 
1.00 (ref) 
1.00 (0.96-1.05), p=0.96 

1.02 (0.98-1.06), p=0.40 
1.00 (ref) 
0.98 (0.94-1.02), p=0.34 

Eosinophils as continuous variable (logarithmically transformed) (sensitivity analysis) 
Continuous 0.99 (0.96-1.02), p=0.41 0.97 (0.94-1.00), p=0.03 

(ref), reference group 
a  n for the different binary thresholds of eosinophil count are detailed in Figure 4.5. 
b Eosinophil percentages are as percentage of total leucocytes; leucocytes missing for n=25. 
c Cox regression model as detailed in Table 5.1 (n=17,272 unadjusted and n=17,194 adjusted). Proportional 
hazards assumption was valid for all eosinophil-related variables. 
 

5.2.2 Subgroup and sensitivity analyses of time-to-first exacerbation 
outcome 

Subgroup and sensitivity analyses are shown in Table 5.3. These are broadly divided into 

disease-related, eosinophil-related and methodological subgroup and sensitivity analyses, 

and results are given for two eosinophil thresholds (0.15 and 0.34 x10*9/L) and continuous 

eosinophils. The weak association of higher eosinophils with better outcomes was only 

present in current smokers. There was a much stronger association of higher eosinophils 



 

with better prognosis in those with asthma and in those with atopy. There was no 

association with baseline exacerbation frequency. Including those who had an 

exacerbation in the first month after initiation of maintenance treatment, despite 

increasing the sample size, removed the association. The sensitivity analysis adding drug 

type to the model did not alter the effect size. There was no change in results in complete 

case analysis including airflow limitation severity and MRC breathlessness scale, or various 

eosinophil-related sensitivity analyses (Table 5.3). 

Table 5.3: Subgroup and sensitivity analyses for time-to-first exacerbation by baseline 
blood eosinophils 

Groups as applicable Adjusted hazard ratio (95% confidence interval, p-value) a 
 0.15 x10*9/L 

eosinophil 
threshold 

0.34 x10*9/L 
eosinophil 
threshold 

Continuous 
eosinophilsb 

Main analysis 
(n=17,272) 0.96 (0.93-1.00), 

p=0.07 
0.95 (0.91-1.00), 
p=0.03 

0.97 (0.94-1.00), 
p=0.03 

Disease-related subgroup and sensitivity analyses 
Smoking status (subgroup analysis) 
Ex-smokers (n=9,988) 
 
Current smokers (n=7,218) 

0.97 (0.92-1.02), 
p=0.18 
0.97 (0.91-1.02), 
p=0.24 

0.97 (0.92-1.03), 
p=0.35 
0.92 (0.86-0.99), 
p=0.03 

0.98 (0.94-1.01), 
p=0.22 
0.96 (0.92-1.00), 
p=0.06 

Asthma status (main analysis includes all asthma) 
Excluding active asthma (n=16,644) 
 
Excluding all asthma (n=14,240) 
 
Only those with asthma 
(n=3,032) 

0.97 (0.93-1.01), 
p=0.11 
0.96 (0.92-1.00), 
p=0.04 
0.99 (0.90-1.08), 
p=0.80 

0.96 (0.91-1.00), 
p=0.06 
0.98 (0.93-1.03), 
p=0.40 
0.84 (0.76-0.93), 
p=0.001 

0.97 (0.95-1.00), 
p=0.07 
0.98 (0.95-1.01), 
p=0.16 
0.93 (0.87-0.99), 
p=0.02 

Atopy (main analysis includes those with atopy) 
Excluding any atopy (n=12,581) 
 
Only those with atopy (n=4,691) 

0.98 (0.94-1.03), 
p=0.43 
0.91 (0.85-0.98), 
p=0.02 

0.98 (0.93-1.03), 
p=0.44 
0.88 (0.81-0.96), 
p=0.003 

0.99 (0.95-1.02), 
p=0.41 
0.92 (0.87-0.97), 
p=0.003 

Baseline exacerbation frequency (subgroup analysis) 
Low exacerbation rate (0 or 1) 
(n=14,204) 
Higher (≥2) exacerbation rate 
(n=3,068) 

0.97 (0.93-1.01), 
p=0.16 
0.96 (0.88-1.05), 
p=0.37 

0.97 (0.92-1.02), 
p=0.18 
0.94 (0.85-1.03), 
p=0.18 

0.98 (0.95-1.01), 
p=0.14 
0.96 (0.91-1.03), 
p=0.26 



 

Groups as applicable Adjusted hazard ratio (95% confidence interval, p-value) a 
 0.15 x10*9/L 

eosinophil 
threshold 

0.34 x10*9/L 
eosinophil 
threshold 

Continuous 
eosinophilsb 

Methodological subgroup and sensitivity analyses 
Including severity and MRC breathlessness scale (not included in main analysis due to large 
amounts of missing data) 
Including severity and MRC 
(n=6,578)c 

0.98 (0.91-1.05), 
p=0.51 

1.00 (0.93-1.09), 
p=0.92 

0.99 (0.94-1.04), 
p=0.79 

Protopathic bias (main analysis excludes those with exacerbation in first month after treatment 
initiation) 
Including outcome in first month 
(n=18,235) 

0.98 (0.94-1.02), 
p=0.26 

0.96 (0.92-1.00), 
p=0.06 

0.98 (0.95-1.01), 
p=0.14 

Adding drug type (whether maintenance treatment initiated ICS vs. non-ICS) to the model  
Including drug type (n=17,272)c 0.96 (0.93-1.00), 

p=0.06 
0.95 (0.91-0.99), 
p=0.03 

0.97 (0.94-1.00), 
p=0.03 

Eosinophil-related subgroup and sensitivity analyses 
Eosinophil means (main analysis uses most recent eosinophil result) 
Using mean of all previous results 
(n=17,272) 

0.99 (0.95-1.03), 
p=0.55 

0.95 (0.91-0.99), 
p=0.02 

0.97 (0.94-1.00), 
p=0.04 

Including season of eosinophil test as variable in model 
Including eosinophil test season 
(n=17,272)c 

0.96 (0.93-1.00), 
p=0.06 

0.95 (0.91-1.00), 
p=0.03 

0.97 (0.94-1.00), 
p=0.03 

Excluding those with eosinophils ≥0.50 x10*9/L 
Excluding eosinophils ≥0.50 x10*9/L 
(n=15,818) 

0.97 (0.93-1.00), 
p=0.08 

0.95 (0.89-1.00), 
p=0.05 

0.96 (0.93-1.00), 
p=0.04 

Including eosinophil values close to acute events (exacerbation/pneumonia/episode/C-reactive 
protein >100mg/L) which main analysis excludes 
Including eosinophils close to acute 
event (n=18,073) 

0.97 (0.94-1.01), 
p=0.13 

0.96 (0.92-1.00), 
p=0.05 

0.97 (0.95-1.00), 
p=0.04 

a Hazard ratios are for time-to-first exacerbation comparing high eosinophil with low eosinophil group (hazard 
ratio >1 indicates higher risk in high eosinophil group), or continuous analysis. Model is adjusted for 
covariates as in detailed in legend for Table 5.1. Analyses are sensitivity analyses except where stated as 
subgroup analyses. 
b Continuous eosinophils were logarithmically transformed for analyses. 
c Inclusion of severity and MRC breathlessness scale in the model did improve it (p<0.001) and also for 
inclusion of drug type (p=0.002) but test season did not (p=0.14). 
  



 

 Other outcomes 

Time-to-event analyses for the other outcomes are presented in Table 5.4, using the 0.15 

and 0.34 x10*9/L thresholds, and for continuous eosinophils.  

Table 5.4: Other outcomes for time-to-first event by baseline blood eosinophils 

Number experiencing outcome/total Adjusted hazard ratio (95% confidence interval, p-value)a 
 0.15 x10*9/L 

eosinophil 
threshold 

0.34 x10*9/L 
eosinophil 
threshold 

Continuous 
eosinophilsb 

Pneumonia episodes 
n=8,188/17,616 0.96 (0.92-1.01), 

p=0.14 
0.96 (0.91-1.02), 
p=0.15 

0.97 (0.93-1.00), 
p=0.05 

Hospitalisation due to any cause 
n=12,446/17,307 0.95 (0.91-0.98), 

p=0.006 
0.95 (0.91-0.99), 
p=0.02 

0.96 (0.93-0.99), 
p=0.003 

Hospitalisation due to pneumonia 
n=2,836/18,194 0.81 (0.75-0.87), 

p<0.001 
0.93 (0.85-1.02), 
p=0.14 

0.88 (0.83-0.93), 
p<0.001 

Hospitalisation due to COPD 
n=4,821/18,081 0.89 (0.84-0.95), 

p<0.001 
0.96 (0.89-1.03), 
p=0.23 

0.94 (0.90-0.99), 
p=0.02 

Death due to any cause 
n=3,836/18,235 0.88 (0.82-0.94), 

p<0.001 
0.95 (0.87-1.03), 
p=0.19 

0.91 (0.86-0.96), 
p<0.001 

Death due to pneumonia 
n=134c/18,235 0.59 (0.42-0.85), 

p=0.004 
1.33 (0.89-2.00), 
p=0.16 

0.79 (0.60-1.04), 
p=0.10 

Death due to COPD 
n=962/18,235 0.76 (0.66-0.87), 

p<0.001 
0.90 (0.76-1.06), 
p=0.21 

0.84 (0.76-0.93), 
p=0.001 

a Hazard ratios are for time-to-first event comparing high eosinophil with low eosinophil group (hazard ratio 
>1 indicates higher risk in high eosinophil group), or continuous analysis. Model is adjusted for covariates as 
detailed in legend to Table 5.1. As in the exacerbations analysis, those experiencing the event of interest in 
the first month after initiating treatment were excluded. 
b Continuous eosinophils were logarithmically transformed for analyses. 
c Low number of deaths due to pneumonia  likely to be because of changes in coding of primary cause of 
death by the Office for National Statistics away from acute causes to chronic underlying causes (CPRD ONS 
Death Registration Data Data Specification V1.5 (15 August 2016). 

There was a strong association of higher eosinophils with a better prognosis for 

hospitalisations due to pneumonia, hospitalisations due to COPD, and death due to any 

cause, pneumonia or COPD, particularly at the 0.15 x10*9/L threshold and using 

continuous eosinophils, but not present at the 0.34 x10*9/L threshold. 



 

Further analyses were carried out to assess this strong association of higher eosinophils 

with better prognosis. Subgroup analysis by baseline blood eosinophil group ((low (<0.15), 

medium (0.15-<0.34), or high (≥0.34 x10*9/L)) for pneumonia hospitalisation showed a 

high risk in the lowest eosinophil group, with similar risks between the medium and high 

groups (HR 0.81 (0.74 to 0.88, p<0.001) in the medium vs. low eosinophil group and HR 

0.81 (0.73 to 0.91, p<0.001) in the high vs. low group). Figure 5.2 shows a Kaplan-Meier 

survival curve of time-to-first pneumonia hospitalisation by baseline eosinophil group for 

these three groups. 

Adding drug type to the model (in case of this being reflective of responsiveness or not to 

ICS treatment in the high vs. low eosinophil groups) did not alter results (HR 0.81 (95%CI 

0.75 to 0.87, p<0.001) for pneumonia hospitalisation at the 0.15 x10*9/L threshold. 

Figure 5.2: Time-to-first pneumonia hospitalisation by baseline eosinophil group 
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 Discussion 

5.4.1 Summary of findings 

This chapter has covered the association of baseline eosinophil count with disease 

outcomes over time, using the CPRD cohort. For the time-to-first exacerbation outcome, 

using the 0.15 x10*9/L threshold for classifying eosinophils as ‘high’ or ‘low’, there was a 

trend towards better prognosis in the high eosinophil group (adjusted HR 0.96 (95% CI 0.93 

to 1.00, p=0.07), and this persisted across all binary thresholds except for 0.34 x10*9/L, 

where it just reached significance (p=0.03). In continuous analysis, there was a weak 

association of higher eosinophils with longer time-to-first exacerbation (adjusted HR 0.97, 

95% CI 0.94 to 1.00, p=0.03). This association was i) only present in current smokers; ii) 

much stronger in those with asthma or atopy, and iii) did not seem to relate to ICS use 

during follow-up. 

There was strong association of higher eosinophils with a longer time to event (i.e. better 

prognosis) for hospitalisations due to COPD or pneumonia, and death due to any cause, 

pneumonia or COPD, particularly at the 0.15 x10*9/L threshold and using continuous 

eosinophil analysis. These associations were not seen at the 0.34 x10*9/L threshold, which 

is likely to be because the highest risk of adverse outcome is in the lowest (<0.15 x10*9/L) 

eosinophil group. 

5.4.2 Strengths and limitations 

Due to the large cohort, and resultant narrow confidence intervals, with results repeatable 

at various eosinophil thresholds and in multiple sensitivity analyses, we can be fairly 

confident in the findings that there is a prognostic benefit to higher eosinophils in this 



 

cohort; and that very low eosinophils (<0.15 x10*9/L) are likely to be associated with a 

worse prognosis across all outcome measures assessed. However, additional sensitivity 

analyses by data management decisions in relation to isolating eosinophil count, for 

example how different units were dealt with and limits for probable anomalous values, 

would add confidence to the findings. Overadjustment bias150 is unlikely to be an issue due 

to similar results across both unadjusted and adjusted analyses. 

Most patients experienced an exacerbation in follow-up (72.5%); although I used an 

exacerbation definition based on a validated algorithm,88 it is possible that symptoms 

related to exacerbations may be misinterpreted and milder exacerbations not be captured. 

However, missing information for these is likely to be equally distributed between the 

eosinophil groups. 

In a study using routinely collected data, it is possible that eosinophils were tested for other 

reasons (and indeed there was a difference between those tested and not tested, see 

Section 4.1.2), and this might result in confounding in relation to assessment of prognosis. 

However, we would expect this to be similar between baseline eosinophil groups. The 

time-to-first exacerbation analysis excluded eosinophil counts close to an exacerbation 

event, because of the risk that this might influence the value, but a sensitivity analysis 

including these values made little difference to results. This was also found in post-hoc 

sensitivity analysis in the Kerkhof et al OPCRD study where there was no relevant difference 

in results after excluding those patients with blood eosinophil counts measured at an 

exacerbation.75 Sensitivity analysis using the mean of eosinophil counts before the index 

date rather than the most recent value also did not significantly change results. 



 

The main outcome of interest related to exacerbations, but I also explored another eight 

outcomes. Exploring multiple hypotheses, even when pre-specified, carries the risk of 

finding positive associations simply by virtue of multiple testing. This could happen due to 

chance five percent of the time, when using a p-value of 0.05.154 In relation to prognosis, 

all outcomes were in the same direction (hazard ratio less than 1), despite varying p-values 

and confidence limits, suggesting that multiple testing is unlikely to be an important issue 

here. 

5.4.3 Comparison with other literature 

There have been contrasting findings in the literature in terms of association of eosinophils 

with disease outcomes in COPD, although cohort definitions and method of measuring 

outcomes have varied between studies, which might explain the differences. There is 

difficulty defining optimal eosinophil cut-off points, and other studies have used a wide 

range of eosinophil count thresholds, which also makes comparisons between studies 

difficult. It is a strength of my study that findings remained consistent across sensitivity 

analysis using different eosinophil count thresholds, and this is the first study to assess such 

a wide range of thresholds, in a primary care population. The population included in my 

study is less selective than in prospective observational studies, certainly in terms of 

disease severity and co-morbidities, albeit that it is the ICS-naïve group commencing an 

inhaled maintenance medication. 

Early general population studies in the Netherlands50 and Copenhagen74 suggested that 

blood eosinophilia (defined using 0.275 and 0.34 x10*9/L thresholds respectively) is 

associated with increased all-cause mortality50 and exacerbations during follow-up;74 

however the Copenhagen study used pre-bronchodilator spirometry, and studies on the 



 

general population in other countries may not be directly applicable to patients with COPD 

in the UK. The Kerkhof et al OPCRD study mentioned above looked at risk factors for having 

two or more exacerbations during follow-up and found an OR 1.29 (95% CI 1.10-1.51) for 

eosinophilia ≥0.5 x10*9/L,75 whereas at this threshold I found no prognostic effect (HR 0.97 

(95% CI 0.91 to 1.03), p=0.28). This study was also restricted to ex-smokers, which was 

replicated in a further OPCRD study by the same group, where blood eosinophils ≥0.45 

x10*9/L were associated with higher exacerbation rate in the following year.105 Although I 

did not find a higher risk in ex-smokers, the protective effect of higher blood eosinophils 

was only present in current smokers, which might partly explain the different findings. 

There are issues of bias in epidemiological studies of a ‘healthy smoker’ effect, where those 

who have health problems are more likely to quit.155 

Another study using the CPRD (Oshagbemi et al, which had similar overall aims to the 

hypothesis-testing component of my CPRD study, addressed in Chapter 6) has shown no 

association of baseline eosinophils with outcomes,106 and likewise there has been no 

association found in some prospective cohort studies,133,134,137,156 although these might be 

limited by small sample size (where we would not expect a small benefit to be apparent) 

as well as different inclusion criteria. There was also no association with outcomes found 

in post-hoc analysis of the FLAMEa trial,56 which excluded patients with very high eosinophil 

counts (>0.6 x10*9/L); excluding eosinophil counts ≥0.5 x10*9/L did not make any 

difference to my results in sensitivity analysis. Studies of large blood biomarker panels 

                                                      
a FLAME (Effect of Indacaterol Glycopyronium vs Fluticasone Salmeterol on COPD Exacerbations) study, which 
compared LABA/LAMA with LABA/ICS. 



 

investigating exacerbations over time found only poor reproducibility between cohorts in 

terms of utility of blood biomarkers.157 

However, other studies have demonstrated an association of higher eosinophils with 

better exacerbation outcomes.147 Particularly, various studies have shown no difference in 

exacerbation outcomes, but improvements in other outcomes, such as all-cause 

mortality131,132,136,158 or rate of FEV1 decline134 or emphysema progression.47 My finding 

that there was a strong association of lower eosinophils with pneumonia hospitalisations 

and deaths has been replicated in a post-hoc meta-analysis of ten ICS trials (HR for 

pneumonia adverse events low vs. high eosinophils 1.31 (95% CI 1.06 to 1.62)).159 

Because of the contrasting findings with several other studies, I explored whether this 

could relate to my specific study cohort of those initiating a new maintenance treatment, 

on the grounds that the higher eosinophil group could be identifying those who would then 

do well on an ICS treatment. However, on examining the association with drug type (ICS 

vs. non-ICS), although this did improve the statistical model, it did not make any difference 

to the hazard ratios for high vs. low, or continuous, eosinophil count. Other database 

studies have found that those with eosinophils ≥0.15 x10*9/L had more health care 

resource usage and higher exacerbation rates, irrespective of inhaler use.160 It is also 

possible that other different study inclusion criteria could account for differences: some 

studies excluded all patients with asthma and/or atopy,56,131,132 and I found a particularly 

strong association of higher eosinophils with better prognosis in subgroup analysis looking 

only at those with asthma or atopy. This suggests that some of the positive prognostic 

association with eosinophil group found overall may be the inclusion of patients with 

asthma or atopy, even with adjustment for baseline characteristics such as severity and 



 

prior exacerbation frequency, which might be expected to be less severe in a population 

with asthma-like features which would potentially be more steroid-responsive. This also 

fits with a prospective cohort study suggesting that COPD patients with more asthma-like 

features (but without an asthma diagnosis) had better outcomes and mortality than those 

without that asthma phenotype.134 

Others have postulated that the contrasting findings between studies in terms of predictive 

value of eosinophils for disease outcomes may relate to more complicated eosinophil 

biology than previously thought, and only a weak correlation between eosinophils in 

sputum versus peripheral blood.161 Particularly, higher blood eosinophil counts may have 

a beneficial effect on survival because eosinophils constitute a major component of the 

innate immune response against infections.162 This is further supported when 

retrospective analyses have shown that eosinopaenia (defined as eosinophils <0.05 

x10*9/L) is associated with an increased risk of sepsis and worse outcome in patients 

presenting with COPD exacerbations.101 This might also explain why in general it is those 

studies with a high number of exacerbators which show an increased risk of poor outcomes 

with high eosinophils, whereas those which have a lower number of exacerbators do 

not.163 

5.4.4 Conclusions 

In summary, the relationship between eosinophils and prognosis is likely to be 

complicated. This study shows a weak association of higher eosinophils with reduced 

exacerbation risk, and a stronger association with pneumonia, hospitalisation and 

mortality outcomes, but this is not replicated throughout the literature; however my study 

is likely to be more generalisable and my findings are replicable across multiple eosinophil 



 

thresholds. Certainly, we should not assume from these findings that therapies geared 

towards reducing the eosinophil count would necessarily be beneficial, as we move in the 

next chapter towards looking at the role of blood eosinophils in predicting inhaled 

corticosteroid responsiveness. 

 

  



 

Chapter 6: Use of blood eosinophils to predict 
inhaled steroid responsiveness 

This chapter presents the detailed methods, results and discussion of the hypothesis-

testing component of the CPRD study (aim II), which had objectives as follows: 

II: To test whether baseline blood eosinophil count predicts inhaled steroid responsiveness 

Including specific objectives: 

 To compare disease outcomes over time between patients starting treatment with 

ICS and those starting treatment with a non-ICS inhaled maintenance treatment 

 To stratify the above by baseline blood eosinophil count to assess whether this 

modifies effectiveness of treatment (whether disease outcomes differ between 

treatment exposure in different blood eosinophil groups) 

 To investigate whether there is dose-response for this effect, by different cut-offs 

of eosinophil count and different doses of ICS treatment 

Overall methods for establishing the larger cohort for this study were described in Chapter 

2. This chapter describes the smaller cohort of those who continued on maintenance 

medication for at least six months, with data management steps for this, distribution of 

patients between drug groups by baseline characteristics, and outcome analysis with 

subgroup and sensitivity analysis and secondary outcomes. 

 Methods 

6.1.1 Detailed statistical methods 

A Cox proportional hazards model was used to assess disease outcomes (primary outcome: 

time-to-first exacerbation; secondary outcomes: pneumonia, hospitalisation and death) in 

the period following starting the new inhaled maintenance treatment, by drug group (ICS 



 

vs. non-ICS). Inclusion of an interaction term looked for effect modification by blood 

eosinophils (due to the difference in response to treatment between eosinophil groups 

being more relevant than the effect size itself). I elected not to use propensity score 

methods for Aim II analysis because this would be unlikely to completely eliminate 

potential confounding,164 and our interest in the interaction rather than the absolute 

hazard ratios for ICS vs. non-ICS (which is better assessed in trials rather than observational 

cohort studies). 

I excluded patients with events in the first 30 days following index date to reduce 

protopathic bias (when treatment appears to cause the outcome due to lag time from first 

symptoms and start of treatment before diagnosis), as in other studies.89 For the main 

models, the proportional hazards assumption was assessed both graphically (stphplot) and 

using a formal statistical test (estat phtest); for those variables where it was not met 

(p<0.05), the model was re-run using the time-dependent variable command for these 

variables to check that it did not make any difference to the outcomes of interest. 

6.1.2 Subgroup and sensitivity analyses 

Subgroup and sensitivity analyses were exactly as detailed for assessment of outcomes by 

eosinophil group (Section 5.1.2), as well as subgroups by ICS dose (detailed in Section 

2.2.7). Post-hoc sensitivity analysis mainly responded to unforeseen issues with the data 

or to attempt to explain associations: 

 including those who remained on their index medication for less than 6 months 

 censoring by duration of index medication 

 censoring by time to initiation of a new drug from the alternative drug class (i.e. 

change of category ICS to non-ICS or vice versa) 



 

 censoring by duration of medication and time to initiation of new drug (whichever 

occurred earlier) 

 using mean of the most recent two or three eosinophil counts rather than the single 

most recent 

 Data management 

Figure 6.1 shows the inclusion of patients for this part of the study. As planned, those who 

had an active asthma diagnosis were removed (n=343), and those who had not continued 

their new medication for at least six months (n=7,599), although both were included as 

part of sensitivity analyses. 

 

Figure 6.1: Flow chart of included patients (CPRD aim II) 

 

Flow charts for earlier stages of the study are shown in Figure 2.2 and Figure 4.1. 
a Combination classes were either a single combined inhaler or separate inhalers with prescription issued on 
the same date. 

18,235 Valid eosinophil count 

8,760 excluded from main analysis: 
818 Change to triple therapy (686) or different 

drug class (132) within first month 
7,599 Stopped new medication before 6 months 
343 Active asthma diagnosis 

9,475 patients included in main analysis 

4,371 (46.1%) Non-ICS group 
839 (19.2%) LABA 
3,344 (76.5%) LAMA 
188 (4.3%) LAMA/LABAa 

5,104 (53.9%) ICS group 
1,822 (35.7%) ICS 
3,151 (61.7%) ICS/LABAa 

131 (2.6%) ICS/LAMAa 



 

This latter exclusion, leading to removal of 41.7% of otherwise eligible patients, made me 

concerned that there might be other issues relating to treatment choice and adherence 

which might potentially impact conclusions. Particularly, that there may be patients in the 

non-ICS group who changed to an ICS during the follow-up of the study, or vice versa (less 

likely as most patients would try non-ICS therapies first, but I wanted to investigate and 

manage both groups similarly to reduce bias). I investigated addition of drugs from another 

class and found that indeed 11,734/18,235 (64.3%) had started a new drug class during 

their follow-up period. 

Time-to-new drug was not normally distributed (Figure 6.2), with 1400 patients changing 

to a new drug within the first 30 days after index date. I hypothesised that this might be 

medications prescribed separately, prescribing errors or advice from a pharmacist or 

advice from a respiratory nurse that a different device type might suit better. Where this 

led to a re-categorisation of specific drug group (e.g. LABA to LAMA), I re-categorised to 

the new drug group. However, as I could not be certain whether this was a change or an 

addition, I excluded patients who changed from ICS to non-ICS to ICS group and vice versa 

(n=132) and those for whom the addition of the new drug would then mean that they were 

on triple therapy (n=686), as these would have originally been excluded from the whole 

cohort. This was a post-hoc decision leaving 9,475 patients in the main analysis. I also 

imported the duration of the medication of interest and date of the new medication if 

applicable, in order to conduct sensitivity analyses censoring by these dates. 



 

Figure 6.2: Histogram of time-to-new drug (n=18,235) 

 

 Maintenance treatment groups 

There were 4,371 (46.1%), patients in the non-ICS group (prescribed LABA 19%, LAMA 77%, 

LAMA/LABA 4%) and 5,104 (53.9%) in the ICS group (prescribed ICS 36%, ICS/LABA 62%, 

ICS/LAMA 3%) (Figure 6.1). Prescriptions for ICS decreased by 81.6% over the decade of 

the study, whereas non-ICS prescriptions remained constant (Figure 6.3). 
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Figure 6.3: Histogram of year of index prescription, by drug group 

 

Of those in the ICS group, most were receiving low dose ICS (BDP-equivalent ≤500µg 

(n=1,852, 43.3%), >500-1000µg (n=1,455, 34.0%) and >1000µg (n=975, 22.8%) (missing for 

n=822)) (Figure 6.4). 
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Figure 6.4: Histogram of dose of ICS therapy (n=4,282) 

 

Dose of ICS prescription is given as estimated equivalent daily doses of beclomethasone dipropionate (BDP). 
 

Table 6.1 shows baseline characteristics and the distribution of patients between ICS and 

non-ICS treatment groups (odds ratios calculated using logistic regression as for eosinophil 

group distribution in Section 4.3.2). Patients were more likely to be prescribed an ICS 

therapy if they were younger, female, had previous asthma, more severe breathlessness 

(higher MRC), a higher baseline exacerbation frequency, oral steroid or theophylline use, 

or a higher rate of hospital admissions. 

A high eosinophil count (≥0.15 x10*9/L) occurred in 69.0%. There was no difference in 

treatment distribution between the ICS and non-ICS groups by eosinophil group (p=0.71).



 

Table 6.1: Distribution of patients between ICS and non-ICS groups by baseline characteristics 

Baseline characteristic Overall 
n=9,475 
n (%) 

Non-ICS group 
n=4,371 
n (%) 

ICS group  
n=5,104 
n (%) 

Unadjusted odds ratio for 
ICS vs. non-ICS group 
(95% CI, p-value) 

Adjusted odds ratio for ICS 
vs. non-ICS group a 
(95% CI, p-Value) 

Demographic characteristics 
Age, mean (SD), years 69.7 (10.0) 70.0 (9.7) 69.4 (10.2) 0.99 (0.99-1.00), p=0.005 N/a 
Age group in years 
  40-49 
  50-59  
  60-69 
  70-79 
  80-89 
  >=90 

 
265 (2.8) 
1,227 (13.0) 
3,019 (31.9) 
3,332 (35.2) 
1,543 (16.3) 
89 (0.9) 

 
87 (3.5) 
554 (13.2) 
1,387 (32.0) 
1,611 (33.7) 
687 (16.8) 
45 (0.9) 

 
178 (3.5) 
673 (13.2) 
1,632 (32.0) 
1,721 (33.7) 
856 (16.8) 
44 (0.9) 

 
1.92 (1.47-2.50), p<0.001 
1.14 (1.00-1.30), p=0.06 
1.10 (1.00-1.22), p=0.06 
1.00 (ref) 
1.16 (1.03-1.32), p=0.01 
0.92 (0.60-1.39), p=0.06 

 
1.92 (1.45-2.55), p<0.001 
1.10 (0.95-1.27), p=0.20 
1.14 (1.03-1.27), p=0.01 
1.00 (ref) 
1.17 (1.03-1.33), p=0.02 
0.90 (0.58-1.41), p=0.66 

Female sex 4,111 (43.4) 1,809 (41.4) 2,302 (45.1) 1.16 (1.07-1.26), p<0.001 1.11 (1.02-1.21), p=0.02 
Socio-economic status b  
  1 (least deprived) 
  2 
  3 
  4 
  5 (most deprived) 

 
1,323 (14.0) 
1,927 (20.4) 
1,836 (19.4) 
2,387 (25.2) 
1,995 (21.1) 

 
563 (12.9) 
886 (20.3) 
886 (20.3) 
1,130 (25.9) 
902 (20.7) 

 
760 (14.9) 
1,041 (20.4) 
950 (18.6) 
1,257 (24.6) 
1,093 (21.4) 

 
1.00 (ref) 
0.87 (0.76-1.00), p=0.05 
0.79 (0.69-0.92), p=0.006 
0.82 (0.72-0.94), p=0.005 
0.90 (0.78-1.03), p=0.08 

 
1.00 (ref) 
0.88 (0.76-1.02), p=0.08 
0.77 (0.66-0.89), p<0.001 
0.81 (0.70-0.93), p=0.003 
0.85 (0.74-0.99), p=0.04 

Respiratory disease characteristics 
Smoking status b 
  Ex-smoker 
  Current smoker 

3,946 (41.8) 1,836 (42.1) 2,110 (41.6)  
1.00 (ref) 
0.98 (0.90-1.06), p=0.61 

N/a 

Asthma >2 years previously 1,098 (11.6) 269 (6.2) 829 (16.2) 2.96 (2.56-3.42), p<0.001 2.64 (2.27-3.07), p<0.001 
History of atopy 2,493 (26.3) 1,107 (25.3) 1,386 (27.2) 1.10 (1.00-1.20), p=0.04 1.04 (0.95-1.15), p=0.40 
Airflow limitation severity b  
  Mild (≥80%) 
  Moderate (50-80%) 
  Severe (30-50%) 
  Very severe (<30%) 

 
838 (11.9) 
3,878 (55.0) 
2,010 (28.5) 
322 (4.6) 

 
401 (11.3) 
2,110 (59.4) 
914 (25.7) 
127 (3.6) 

 
437 (12.5) 
1,768 (50.6) 
1,096 (31.4) 
195 (5.6) 

 
1.00 (ref) 
0.77 (0.66-0.89), p=0.001 
1.10 (0.94-1.30), p=0.25 
1.41 (1.08-1.83), p=0.01 

N/a a 



 

Baseline characteristic Overall 
n=9,475 
n (%) 

Non-ICS group 
n=4,371 
n (%) 

ICS group  
n=5,104 
n (%) 

Unadjusted odds ratio for 
ICS vs. non-ICS group 
(95% CI, p-value) 

Adjusted odds ratio for ICS 
vs. non-ICS group a 
(95% CI, p-Value) 

MRC breathlessness scale b 
  1 (least severe) 
  2 
  3 
  4 
  5 (most severe) 

 
588 (13.8) 
1,794 (42.0) 
1,260 (29.5) 
550 (12.9) 
80 (1.9) 

 
303 (12.2) 
1,080 (43.5) 
763 (30.7) 
299 (12.0) 
39 (1.6) 

 
285 (15.9) 
714 (39.9) 
497 (27.8) 
251 (14.0) 
41 (2.3) 

 
1.00 (ref) 
0.70 (0.58-0.85), p<0.001 
0.69 (0.57-0.84), p<0.001 
0.89 (0.71-1.13), p=0.34 
1.12 (0.70-1.78), p=0.64 

N/a a 

Exacerbations 
  0 
  1 
  2 
  3 or more 

 
4,887 (51.6) 
2,829 (29.9) 
1,165 (12.3) 
594 (6.3) 

 
2,433 (55.7) 
1,250 (28.6) 
466 (10.7) 
222 (5.1) 

 
2,454 (48.1) 
1,579 (30.9) 
699 (13.7) 
372 (7.3) 

 
1.00 (ref) 
1.25 (1.14-1.37), p<0.001 
1.49 (1.31-1.69), p<0.001 
1.66 (1.39-1.98), p<0.001 

 
1.00 (ref) 
1.22 (1.10-1.37), p<0.001 
1.46 (1.24-1.72), p<0.001 
1.51 (1.20-1.90), p<0.001 

Pneumonia episodes 
  0 
  1 
  2 or more 

 
7,484 (79.0) 
1,500 (15.8) 
491 (5.2) 

 
3,514 (80.4) 
660 (15.1) 
197 (4.5) 

 
3,970 (77.8) 
840 (16.5) 
294 (5.8) 

 
1.00 (ref) 
1.13 (1.00-1.26), p=0.04 
1.32 (1.10-1.59), p=0.003 

 
1.00 (ref) 
0.89 (0.77-1.01), p=0.08 
0.85 (0.67-1.07), p=0.17 

Oral steroid prescriptions 
  0 
  1 
  2 

 
7,501 (79.2) 
1,490 (15.7) 
484 (5.1) 

 
3,625 (82.9) 
578 (13.2) 
168 (3.8) 

 
3,876 (75.9) 
912 (17.9) 
316 (6.2) 

 
1.00 (ref) 
1.48 (1.32-1.65), p<0.001 
1.76 (1.45-2.13), p<0.001 

 
1.00 (ref) 
1.39 (1.22-1.57), p<0.001 
1.55 (1.25-1.91), p<0.001 

Salbutamol inhalers 
  0 
  1 
  2 
  3-5 
  6 or more 

 
2,870 (30.3) 
1,926 (20.3) 
929 (9.8) 
1,449 (15.3) 
2,301 (24.3) 

 
1,359 (31.1) 
961 (22.0) 
428 (9.8) 
660 (15.1) 
963 (22.0) 

 
1,511 (29.6) 
965 (18.9) 
501 (9.8) 
789 (15.5) 
1,338 (26.2) 

 
1.00 (ref) 
0.90 (0.80-1.01), p=0.08 
1.05 (0.91-1.22), p=0.50 
1.18 (0.95-1.22), p=0.26 
1.25 (1.12-1.40), p<0.001 

 
1.00 (ref) 
0.88 (0.78-0.99), p=0.04 
0.91 (0.78-1.07), p=0.26 
0.89 (0.78-1.02), p=0.09 
0.95 (0.84-1.07), p=0.36 

Theophylline use 97 (1.0) 17 (0.4) 80 (1.6) 4.08 (2.41-6.89), p<0.001 2.61 (1.51-4.53), p=0.001 
Oxygen use 46 (0.5) 19 (0.4) 27 (0.5) 1.22 (0.68-2.19), p=0.51 N/a 
Nebuliser use 157 (1.7) 48 (1.1) 109 (2.1) 1.97 (1.40-2.77), p<0.001 1.25 (0.87-1.81), p=0.23 



 

Baseline characteristic Overall 
n=9,475 
n (%) 

Non-ICS group 
n=4,371 
n (%) 

ICS group  
n=5,104 
n (%) 

Unadjusted odds ratio for 
ICS vs. non-ICS group 
(95% CI, p-value) 

Adjusted odds ratio for ICS 
vs. non-ICS group a 
(95% CI, p-Value) 

General health characteristics 
Non-elective hospitalisations  
  0 
  1 
  2 or more 

 
7,767 (82.0) 
1,277 (13.5) 
431 (4.6) 

 
3,663 (83.8) 
529 (12.1) 
179 (4.1) 

 
4,104 (80.4) 
748 (14.7) 
252 (4.9) 

 
1.00 (ref) 
1.26 (1.12-1.42), p<0.001 
1.26 (1.03-1.53), p=0.02 

 
1.00 (ref) 
1.20 (1.05-1.36), p=0.006 
1.20 (0.97-1.48), p=0.09 

GP consultations 
  0-3 
  4-7 
  8 or more 

 
2,699 (28.5) 
3,381 (35.7) 
3,395 (35.8) 

 
1,280 (29.3) 
1,586(36.3) 
1,505 (34.4) 

 
1,419 (27.8) 
1,795 (35.2) 
1,890 (37.0) 

 
1.00 (ref) 
1.02 (0.92-1.13), p=0.69 
1.13 (1.02-1.25), p=0.02 

 
1.00 (ref) 
0.97 (0.87-1.08), p=0.54 
1.01 (0.90-1.12), p=0.91 

Charlson comorbidity index 
  0 
  1 
  2 or more 

 
5,007 (52.8) 
1,655 (17.5) 
2,813 (29.7) 

 
2,233 (51.1) 
754 (17.3) 
1,384 (31.7) 

 
2,774 (54.4) 
901 (17.7) 
1,429 (28.0) 

 
1.00 (ref) 
0.96 (0.86-1.08), p=0.50 
0.83 (0.76-0.91), p<0.001 

 
1.00 (ref) 
0.96 (0.85-1.08), p=0.49 
0.90 (0.81-1.00), p=0.05 

Influenza vaccination 6,710 (70.8) 3,106 (71.1) 3,604 (70.6) 0.98 (0.90-1.07), p=0.63 N/a 
Pneumococcal vaccination 3,403 (35.9) 1,507 (34.5) 1,896 (37.2) 1.12 (1.03-1.22), p=0.007 0.96 (0.87-1.05), p=0.37 
Blood eosinophil count (x10*9/L) 
  ≥0.15 
  Geometric mean 

 
6,535 (69.0) 
200 

 
3,023 (69.2) 
200 

 
3,512 (68.8) 
201 

 
0.98 (0.90-1.07), p=0.71 
1.02 (0.96-1.09), p=0.57 

N/a 

Percentages are column percentages. See Table 2.6 for details and time periods for variables. 
a Odds ratio calculated using logistic regression. Adjusted odds ratios include baseline variables significant p<0.10 in univariate analysis. Inclusion of non-significant variables 
did not improve the model (p=0.75). n=9,468 due to complete case analysis. Airflow limitation severity and MRC breathlessness scale not included in adjusted model due to 
large amounts of missing data. Year of index prescription not displayed due to multiple categories but included in adjusted model. 
b n=9,468 for socio-economic status, n=9,442 for smoking status, n=7,048 for airflow limitation severity and n=4,272 for MRC breathlessness scale, due to missing data. 
(ref), reference group



 

 Primary analysis 

468 patients had an exacerbation in the first month after initiating treatment (58.1% in ICS 

group) and were excluded from the primary analysis. The remaining 9,007 patients provided 

38,421 years of follow-up (median 3.8 years per person (IQR 2.1 to 6.0; range 0.5 to 11.1), of 

whom 6,478 (71.9%) experienced an exacerbation during follow-up. Table 6.2 shows the main 

Cox regression model; addition of an interaction term for eosinophil group with drug group 

significantly improved the model (p=0.01). 

Table 6.2: Cox regression model for time-to-first exacerbation of hypothesis-testing cohort 

Baseline characteristic/variable 
  

Unadjusted hazard ratio 
for time-to-first 
exacerbation 
(95% CI, p-value) 
(n=9,007) 

Adjusted hazard ratio for 
time-to-first exacerbation 
(95% CI, p-value) 
(n=8,967) 

Blood eosinophil count 
  Low (<0.15 x10*9/L) (n=2,819) 
  High (≥0.15 x10*9/L) (n=6,188) 

 
1.00 
0.99 (0.94-1.04), p=0.64 

 
1.00 
0.98 (0.93-1.03), p=0.38 

Drug group 
  Non-ICS (n=4,175) 
  ICS (n=4,832) 

 
1.00 
1.17 (1.12-1.23), p<0.001 

 
1.00 
1.08 (1.03-1.14), p=0.002 

Interaction (drug group # eosinophil group) 
  ICS drug group, in low eosinophil group 
  ICS drug group, in high eosinophil group 
  Interaction hazard ratio 

N/a  
1.19 (1.09-1.31), p<0.001 
1.04 (0.98-1.10), p=0.23 
0.87 (0.78-0.97), p=0.01 

Hazard ratios calculated using Cox regression and adjusted for covariates as follows: age group; sex; socio-
economic status; smoking status; asthma history; atopy history; baseline exacerbations, pneumonia episodes, 
oral steroid prescriptions, and salbutamol inhaler prescriptions; theophylline, nebuliser and oxygen use; baseline 
non-elective hospitalisations and GP consultations; Charlson co-morbidity index; influenza and pneumococcal 
vaccination; and year of index prescription. All variables were included in multivariate analysis rather than just 
those p<0.10 in univariate analysis due to likely clinical significance and concern that lack of significance may be 
sample size-related for these variables. Adjusted n=8,967 due to complete case analysis (missing data for socio-
economic status and smoking status). For some variables in the model the proportional hazards assumption was 
not met (baseline exacerbations, pneumonia episodes, oral steroid prescriptions, and salbutamol inhaler 
prescriptions; baseline non-elective hospitalisations and GP consultations). However, incorporating them into 
the model with the time-dependent variable command made no difference to the key results. 

The median time-to-first exacerbation was 1.77 (95% CI 1.68 to 1.88) years in the non-ICS 

group and 1.40 (95% CI 1.32 to 1.48) years in the ICS group (unadjusted HR ICS vs. non-ICS 

1.17, 95% CI 1.12 to 1.23; p<0.001; adjusted HR 1.08, 95% CI 1.03 to 1.14); p=0.002). Following 



 

stratification for baseline eosinophils using the interaction term, the adjusted HR was 1.19 

(95% CI 1.09 to 1.31; p<0.001) in the low eosinophil group and 1.04 (95% CI 0.98 to 1.10; 

p=0.23) in the high eosinophils group (15% absolute difference; interaction of eosinophil 

group with treatment group 0.87, 95% CI 0.78 to 0.97, p=0.01) (bottom row of Table 6.2 and 

summarised in Figure 6.5). 



 

Figure 6.5: Kaplan-Meier curves for time-to-first exacerbation in ICS (red) vs. non-ICS (blue) 
groups, A) overall and B) C) stratified by baseline blood eosinophil group (95% CI shaded) 

 

 
 
 
 

A) Whole group 
 
Adjusted hazard ratio 
1.08 (95% CI 1.03-1.14) 
p=0.002 
n=8,967 

 

 
 
 

 
B) Low eosinophil 

group (<0.15 
x10*9/L) 

 
Adjusted hazard ratio 
1.19 (95% CI 1.09-1.31) 
p<0.001 
n=2,797 

 

 
 
 
 
C) High eosinophil 

group (≥0.15 
x10*9/L) 

 
Adjusted hazard ratio 
1.04 (95% CI 0.98-1.1) 
p=0.23 
n=6,170 
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 Analysis with different eosinophil thresholds 

Table 6.3 shows distribution of patients between treatment groups by different eosinophil 

thresholds.a Increasing the threshold used to define the ‘high eosinophil’ group from ≥0.15 to 

≥0.34 x10*9/L decreased the number of patients in the ‘high’ group from 69.0% to 19.4%. 

There was no clear association of eosinophil group with treatment group. 

Table 6.3: Distribution of patients between ICS and non-ICS groups by different blood 
eosinophil thresholds 

Eosinophil 
threshold 
(x10*9/L) 
 

Overall 
n=9,475 
n (%) 

Non-ICS 
group 
n=4,371 
n (%) 

ICS group 
n=5,104 
n (%) 

Unadjusted odds ratio 
ICS vs. non-ICS group 
(95% CI, p-value) 

Adjusted 
odds ratio 
ICS vs. non-
ICS group 
(95% CI, p-
value) 

≥0.10 8,954 (94.5) 4,140 (94.7) 4,814 (94.3) 0.93(0.78-1.11), p=0.40 N/a 
≥0.15 6,535 (69.0) 3,023 (69.2) 3,512 (68.8) 0.98 (0.90-1.07), p=0.71 N/a 
≥0.20 5,924 (62.5) 2,741 (62.7) 3,183 (62.4) 0.99 (0.91-1.07), p=0.73 N/a 
≥0.30 3,144 (33.2) 1,438 (32.9) 1,706 (33.4) 1.02 (0.94-1.12), p=0.59 N/a 
≥0.34 1,842 (19.4) 807 (18.5) 1,035 (20.3) 1.12 (1.01-1.24), p=0.03 1.15 (1.04-

1.29), p=0.01 
≥0.40 1,574 (16.6) 687 (15.7) 887 (17.4) 1.13 (1.01-1.26), p=0.03 1.16 (1.04-

1.31), p=0.01 
≥0.50 815 (8.6) 359 (8.2) 456 (8.9) 1.10 (0.95-1.27), p=0.21 N/a 
Continuous 
(log scale) 

    
1.02 (0.96-1.09), p=0.57 

N/a 

Odds ratio calculated using logistic regression including baseline covariates significant p<0.10 in univariate 
analysis (as shown in Table 6.1). Percentages are column percentages of those above the eosinophil threshold. 
 

Table 6.4 shows sensitivity and subgroup analysis by different eosinophil thresholds and 

subgroups. As the eosinophil threshold increased, the HR for ICS vs. non-ICS treatment 

decreased and the interaction HR became less statistically significant. Stratification of 

eosinophils into low (<0.15), medium (0.15-<0.34) and high (≥0.34) groups found increased 

                                                      
a This is similar to what was shown in Figure 4.5 but this is the more narrow population for the hypothesis-testing 
component of the CPRD study. 



 

risk in those with low eosinophils only. Analysis by percentage eosinophil groups (<2%, 2-4% 

and ≥4%) also showed decreasing HR with increasing eosinophil category. 

Table 6.4: Outcomes and interactions for time-to-first exacerbation for different eosinophil 
thresholds and subgroups 

 Hazard ratio b for ICS vs non-ICS 
(95% CI, p-value) 

Interaction hazard ratio b of 
eosinophils with treatment group 
(95% CI, p-value) 

Eosinophil thresholds (sensitivity analysis) 
  0.10 x10*9/L 
  0.15 x10*9/L (main analysis) 
  0.20 x10*9/L 
  0.30 x10*9/L 
  0.34 x10*9/L (post-hoc) 
  0.40 x10*9/L 
  0.50 x10*9/L 

1.25 (1.00-1.55), p=0.05 
1.19 (1.09-1.31), p<0.001 
1.17 (1.08-1.27), p<0.001 
1.12 (1.05-1.19), p<0.001 
1.09 (1.03-1.16), p=0.002 
1.09 (1.03-1.15), p=0.002 
1.08 (1.03-1.15), p=0.003 

0.86 (0.69-1.08), p=0.19 
0.87 (0.78-0.97), p=0.01 
0.88 (0.80-0.98), p=0.02 
0.90 (0.81-1.01), p=0.06 
0.95 (0.84-1.08), p=0.43 
0.96 (0.84-1.10), p=0.53 
0.98 (0.82-1.18), p=0.83 

Eosinophil categorical analysis (subgroup analysis) 
<0.15 x10*9/L (n=2,819) 
0.15-0.34 x10*9/L (n=4,451) 
≥0.34 x10*9/L (n=1,737) 

1.19 (1.09-1.31), p<0.001 
1.04 (0.97-1.12), p=0.29 
1.04 (0.93-1.17), p=0.50 

1.15 (1.02-1.29), p=0.01 
1.00 (ref) 
1.00 (0.88-1.15), p=0.98 

Eosinophil percentagesa (subgroup analysis) 
<2% (n=2,811) 
2-4% (n=3,795) 
≥4% (n=2,388) 

1.17 (1.07-1.28), p=0.001 
1.08 (1.00-1.17), p=0.04 
1.00 (0.90-1.10), p=0.93 

1.08 (0.96-1.21), p=0.21 
1.00 (ref) 
0.92 (0.81-1.04), p=0.18 

Eosinophils as continuous variable (logarithmically transformed) (sensitivity analysis) 
Continuous 1.18 (1.09-1.27), p<0.001 0.89 (0.82-0.96), p=0.004 

(ref), reference group 
a Eosinophil percentages are as percentage of total leucocytes; leucocytes missing for n=13. 
b Adjusted Cox regression model including interaction term as detailed in Table 6.2 legend (n=8,967). Hazard 
ratios are given for low eosinophil group for sensitivity analyses except for continuous eosinophils where this is 
set at 0.10 x10*9/L; hazard ratio in the high eosinophil group can be calculated by multiplying the hazard ratio 
in the low group by the interaction term. Proportional hazards assumption was valid for all eosinophil-related 
variables. 

Analysis using log-transformed eosinophils as a continuous variable found an interaction HR 

of 0.89 (95% CI 0.82 to 0.96; p=0.004), with decreasing hazard ratio for ICS treatment as 

eosinophil count increased, again with particularly high HR at the lower eosinophil counts 

(Figure 2). 

 



 

Figure 6.6: Graph and table showing hazard ratios for time-to-first exacerbation for ICS vs. 
non-ICS treatment, at different eosinophil counts 

 

Eosinophil 
threshold 
(x10*9/L) 

Adjusted hazard ratio 
(95% CI, p-value) 

0.01 1.54 (1.21-1.96), p<0.001 
0.05 1.28 (1.13-1.44), p<0.001 
0.10 1.18 (1.09-1.27), p<0.001 
0.15 1.12 (1.06-1.19), p<0.001 
0.20 1.08 (1.03-1.14), p=0.002 
0.25 1.06 (1.00-1.12), p=0.05 
0.30 1.03 (0.97-1.10), p=0.29 
0.35 1.01 (0.95-1.09), p=0.67 
0.40 1.00 (0.93-1.08), p=0.98 
0.45 0.99 (0.91-1.07), p=0.73 
0.50 0.97 (0.89-1.06), p=0.55 

 

Hazard ratios are from Cox regression including the interaction term and adjusted for covariates as detailed in 
Table 6.2, but with eosinophils in the model as a continuous variable (logarithmically transformed). The 
interaction of eosinophils with ICS treatment group was significant in this model (p=0.004). Deviation of the 
association from log-linearity was assessed by a likelihood ratio test comparing models with categorical 
eosinophils (p=0.23). Shaded area shows 95% confidence intervals. 
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 Subgroup and sensitivity analyses of main analysis 

I have broadly divided these into disease-related, eosinophil-related and methodological 

subgroup and sensitivity analyses, as shown in Table 6.5, and subsequent sections refer to 

results within this table except where stated. Results are given for two eosinophil thresholds 

(0.15 and 0.34 x10*9/L) and continuous eosinophils (which tells us if there is a linear effect 

modification). Interactions were generally not significant at the 0.34 threshold, as in the 

whole group analysis by eosinophil threshold above (Table 6.4). 

 



Table 6.5: Subgroup and sensitivity analyses for time-to-first exacerbation ICS vs. non-ICS and interaction with blood eosinophil count 

Groups as applicable 0.15 x10*9/L eosinophil threshold 0.34 x10*9/L eosinophil threshold  Continuous eosinophilsa 
 Hazard ratio in low 

groupb 
Interactionc Hazard ratio in low 

groupb 
Interactionc Interactionc 

Main  
(n=9,007) 1.19 (1.09-1.31), p<0.001 0.87 (0.78-0.97) p=0.01 1.09 (1.03-1.16), p=0.002 0.95 (0.84-1.08), p=0.43 0.89 (0.82-0.96), p=0.004 
Disease-related subgroup and sensitivity analyses 
Smoking status (post-hoc subgroup analysis) 
Ex-smokers 
(n=5,261) 
Current smokers 
(n=3,779) 

1.15 (1.02-1.30), p=0.02 
 
1.24 (1.09-1.43), p=0.002 

0.91 (0.79-1.05), p=0.22 
 
0.83 (0.70-0.97), p=0.02 

1.09 (1.01-1.18), p=0.02 
 
1.10 (1.01-1.20), p=0.03 

0.95 (0.80-1.12), p=0.52 
 
0.96 (0.79-1.18), p=0.73 

0.92 (0.83-1.03), p=0.14 
 
0.85 (0.76-0.96), p=0.009 

Asthma status (main analysis excludes asthma coded in previous two years but includes those with history of asthma) 
Excluding any asthma 
(n=7,981) 
Including active asthma 
(n=9,326) 

1.21 (1.10-1.33), p<0.001 
 
1.20 (1.10-1.31), p<0.001 

0.85 (0.76-0.96), p=0.006 
 
0.87 (0.78-0.96), p=0.008 

1.09 (1.02-1.15), p=0.007 
 
1.10 (1.04-1.16), p=0.001 

0.98 (0.85-1.12), p=0.74 
 
0.94 (0.83-1.06), p=0.31 

0.88 (0.81-0.96), p=0.004 
 
0.88 (0.82-0.95), p=0.002 

Atopy (main analysis includes those with atopy) 
Excluding any atopy 
(n=6,648) 

1.19 (1.07-1.33), p=0.001 0.88 (0.78-1.00), p=0.04 1.09 (1.02-1.17), p=0.009 1.00 (0.86-1.16), p=0.98 0.92 (0.83-1.01), p=0.07 

Dose of ICS (subgroup analysis) 
≤500µg BDP equivalent 
(n=5,921) 
500-1000 µg BDP 
equivalent (n=5,552) 
>1000 µg BDP equivalent 
(n=5,095) 

1.14 (1.01-1.29), p=0.03 
 
1.22 (1.08-1.40), p=0.002 
 
1.29 (1.11-1.50), p=0.001 

0.89 (0.77-1.03), p=0.11 
 
0.79 (0.68-0.93), p=0.003 
 
0.91 (0.77-1.09), p=0.31 

1.09 (1.01-1.18), p=0.02 
 
1.04 (0.96-1.13), p=0.36 
 
1.20 (1.09-1.32), p<0.001 

0.83 (0.70-0.99), p=0.03 
 
1.02 (0.85-1.23), p=0.80 
 
1.04 (0.85-1.28), p=0.69 

0.86 (0.77-0.95), p=0.004 
 
0.90 (0.80-1.01), p=0.08 
 
0.92 (0.81-1.05), p=0.22 

Methodological subgroup and sensitivity analyses 
Including severity and MRC breathlessness scale (not included in main analysis due to large amounts of missing data) 
Including severity and 
MRC (n=3,706) 

1.17 (1.01-1.36), p=0.04 0.85 (0.72-1.02), p=0.08 1.05 (0.96-1.16), p=0.29 1.00 (0.81-1.23), p=0.98 0.91 (0.79-1.04), p=0.15 



 

Groups as applicable 0.15 x10*9/L eosinophil threshold 0.34 x10*9/L eosinophil threshold  Continuous eosinophilsa 
 Hazard ratio in low 

groupb 
Interactionc Hazard ratio in low 

groupb 
Interactionc Interactionc 

Protopathic bias (main analysis excludes those with exacerbation in first month after treatment initiation) 
Including outcome in first 
month (n=9,475) 

1.19 (1.09-1.30), p<0.001 0.87 (0.78-0.96), p=0.007 1.10 (1.04-1.16), p=0.001 0.92 (0.81-1.04), p=0.17 0.88 (0.81-0.95), p=0.001 

Intention-to-treat (main analysis only includes those who stayed on their new medication for at least 6 months) (post-hoc) 
Including <6m treatment 
duration (n=15,941) 

1.13 (1.05-1.21), p=0.001 0.91 (0.84-0.99), p=0.026 1.07 (1.02-1.18), p=0.003 0.93 (0.84-1.02), p=0.14 0.93 (0.87-0.99), p=0.02 

Censoring by initiation of new drug in alternative treatment group (ICS or non-ICS) (post-hoc) 
Censoring by time to new 
drug (n=9,007) 

1.31 (1.17-1.46), p<0.001 0.82 (0.72-0.93), p=0.002 1.17 (1.09-1.25), p<0.001 0.87 (0.75-1.01), p=0.07 0.85 (0.77-0.94), p=0.001 

Censoring by duration of time on new medication (post-hoc) 
Excluding <6m treatment 
duration (n=9,007) 
Including <6m treatment 
duration (n=15,941) 

1.24 (1.12-1.37), p<0.001 
 
1.23 (1.11-1.36), p<0.001 

0.87 (0.77-0.98), p=0.02 
 
0.88 (0.79-0.99), p=0.04 

1.13 (1.06-1.21), p<0.001 
 
1.14 (1.07-1.22), p<0.001 

0.97 (0.84-1.11), p=0.63 
 
0.94 (0.82-1.07), p=0.35 

0.89 (0.82-0.97), p=0.01 
 
0.89 (0.82-0.97), p=0.008 

Censoring by initiation of new drug in alternative treatment group (ICS or non-ICS) or duration of time on new medication (earlier date where both apply) (post-
hoc) 
Excluding <6m treatment 
duration (n=9,007) 
Including <6m treatment 
duration (n=15,941) 

1.33 (1.18-1.49), p<0.001 
 
1.30 (1.16-1.46), p<0.001 

0.82 (0.72-0.94), p=0.005 
 
0.85 (0.74-0.97), p=0.02 

1.19 (1.10-1.28), p<0.001 
 
1.20 (1.11-1.28), p<0.001 

0.89 (0.76-1.05), p=0.17 
 
0.87 (0.74-1.02), p=0.08 

0.86 (0.77-0.95), p=0.004 
 
0.86 (0.78-0.95), p=0.003 

Eosinophil-related subgroup and sensitivity analyses 
Eosinophil means (main analysis uses most recent eosinophil result) 
Using mean of all 
previous results (n=9,007) 
Using mean of last two 
results (n=9,007) 
Using mean of last three 
results (n=9,007) 

1.18 (1.07-1.30), p=0.001 
 
1.20 (1.08-1.32), p<0.001 
 
1.19 (1.08-1.31), p<0.001 

0.89 (0.79-0.99), p=0.03 
 
0.88 (0.78-0.98), p=0.02 
 
0.88 (0.78-0.98), p=0.02 

1.10 (1.04-1.16), p=0.002 
 
1.10 (1.04-1.17), p=0.001 
 
1.10 (1.03-1.16), p=0.002 

0.94 (0.83-1.07), p=0.36 
 
0.93 (0.83-1.05), p=0.25 
 
0.95 (0.84-1.08), p=0.42 

0.90 (0.83-0.98), p=0.01 
 
0.90 (0.83-0.98), p=0.01 
 
0.90 (0.82-0.97), p=0.009 

Including season of eosinophil test as variable in model (post-hoc) 
Including eosinophil test 
season (n=9,007) 

1.19 (1.09-1.30), p<0.001 0.87 (0.78-0.97), p=0.01 1.10 (1.03-1.16), p=0.002 0.95 (0.84-1.08), p=0.45 0.89 (0.82-0.96), p=0.004 



 

Groups as applicable 0.15 x10*9/L eosinophil threshold 0.34 x10*9/L eosinophil threshold  Continuous eosinophilsa 
 Hazard ratio in low 

groupb 
Interactionc Hazard ratio in low 

groupb 
Interactionc Interactionc 

Excluding those with eosinophils ≥0.50 x10*9/L (post-hoc) 
Excluding eosinophils 
≥0.50 x10*9/L 

1.18 (1.08-1.30), p<0.001 0.87 (0.78-0.97), p=0.01 1.09 (1.03-1.15), p=0.004 0.93 (0.79-1.09), p=0.41 0.86 (0.78-0.94), p=0.002 

Including eosinophil values close to acute events (exacerbation/pneumonia/episode/C-reactive protein >100mg/L) which main analysis excludes 
Including eosinophils 
close to acute event 
(n=9,007) 

1.18 (1.08-1.29), p<0.001 0.89 (0.80-0.99), p=0.03 1.10 (1.03-1.16), p=0.002 0.95 (0.84-1.08), p=0.46 0.90 (0.83-0.97), p=0.007 

BDP, beclomethasone dipropionate estimated equivalent. 95% confidence intervals and p-values are given. 
a Continuous eosinophils were logarithmically transformed for analyses. 
b Hazard ratios are for time-to-first exacerbation comparing ICS with non-ICS treatment groups (hazard ratio >1 favours non-ICS treatment), in the low eosinophil group. 
Model is including the interaction term and adjusted for covariates as in Table 6.2. Analyses are sensitivity analyses except where stated as subgroup analyses. 
c Interaction is the hazard ratio for the interaction of baseline blood eosinophils with treatment group, describing magnitude of difference (hazard ratio <1 describes reduced 
overall hazard ratio in ICS group, with higher eosinophils). Hazard ratio in the high eosinophil group can be calculated by multiplying the hazard ratio in the low group by the 
interaction term. 



 

6.6.1 Disease-related subgroup and sensitivity analyses 

In subgroup analysis by smoking status, only current smokers showed a significant interaction 

of blood eosinophils with treatment group. Including those with current asthma, and 

excluding those with any asthma, made very little difference to results. When those with 

history of atopy were excluded, the interaction hazard ratio remained similar, but the 

significance reduced (which may be due to the reduction in sample size by approximately one 

third in excluding these people). There was no clear dose-response effect of dose on response 

to ICS treatment. 

Subgroup analysis stratified by baseline exacerbation frequency showed risk of exacerbations 

on ICS was lower in those with high eosinophils and history of frequent exacerbations 

compared to those with low eosinophils and less frequent exacerbations (0.94, 95% CI 0.82 

to 1.07, p=0.34 vs. 1.21, 95% CI 1.10 to 1.34, 27% absolute difference, p=0.001 respectively, 

Table 6.6). Risk of exacerbation on ICS treatment was also lower overall independent of 

baseline eosinophil group in those with higher baseline exacerbation rate. 

Table 6.6: Subgroup analysis of ICS vs. non-ICS treatment, stratified by blood eosinophil 
group and by baseline exacerbation frequency 

 Whole group 
(no interaction 
term) 

Low eosinophil 
group (<0.15 
x10*9/L ) 

High eosinophil 
group (≥0.15 
x10*9/L) 

Interaction HR 
and p-value 

Low exacerbation 
rate (0 or 1) 

1.11 (1.05-1.18) 
p<0.001 
n=7,367 

1.21 (1.10-1.34), 
p=0.001 
n=2,299 

1.07 (1.00-1.15), 
p=0.06 
n=5,068 

0.88 (0.78-0.99) 
p=0.04 

Higher 
exacerbation rate 
(≥2) 

1.01 (0.90-1.13) 
p=0.91 
n=1,600 

1.18 (0.97-1.44), 
p=0.11 
n=498 

0.94 (0.82-1.07), 
p=0.34 
n=1,102 

0.79 (0.62-1.00) 
p=0.06 

Hazard ratios (HR) are for time-to-first exacerbation after treatment initiation, for ICS vs. non-ICS treatment. 
Hazard ratios are from Cox regression including the interaction term and adjusted for covariates as listed in Table 
6.2. 
. 



 

6.6.2 Eosinophil-related subgroup and sensitivity analyses 

Sensitivity analyses using the eosinophil count average of several counts instead of the most 

recent value, excluding the highest values (≥0.50 x10*9/L), including eosinophil values close 

to acute events, and including season of eosinophil test in the model, made no difference to 

overall results (Table 6.5). 

6.6.3 Methodological subgroup and sensitivity analyses 

Including severity and MRC breathlessness scale in the model reduced the significance of the 

interaction, but not the absolute hazard ratio, likely related to the large reduction in sample 

size of approximately half, due to complete case analysis. Inclusion of patients who 

experienced an event in the first month after treatment initiation (excluded from main 

analysis to reduce protopathic bias) made minimal difference to results. 

Median duration of treatment with the medication of interest was 0.51 years (IQR 0.08-1.92) 

in the ICS group and 1.12 years (IQR 0.29-2.89) in the non-ICS group. Once those with under 

6 months’ treatment duration had been excluded for the main analysis, this increased to 1.91 

years (IQR 0.96-3.84) in the ICS group and 2.10 years (IQR 1.09-3.89) in the non-ICS group. 

Where an alternative treatment group drug had been prescribed during follow-up 

(3,301/5.389 (61.3%) in ICS group and 2,676/4,429 (60.4%) in non-ICS group, p=0.40), time-

to-new drug was longer in the ICS group than in the non-ICS group (median 390 (IQR 141-874) 

vs. 330 (IQR 122-691) days) (p<0.001). Sensitivity analyses using various combinations of 

censoring dates and exclusions by time on medication or time-to-new drug (Table 6.5), 

ranging from full ‘intention-to-treat’ through to full ‘on-treatment’ analysis, made very little 

difference to overall results, despite widely different sample sizes and follow-up times. 



 

 Secondary outcomes 

Time-to-event analyses for different eosinophil thresholds for the pre-specified secondary 

outcomes are presented in Table 6.7. ICS use was associated with a higher rate of pneumonia 

at eosinophil levels below 0.15 x10*9/L, but the interaction of eosinophils with drug group 

only reached significance for pneumonia hospitalisations (HR in low eosinophil group 1.26, 

95% CI 1.05-1.50; 26% absolute difference p-value for interaction p=0.04) (Table 6.8). 

Numbers of those experiencing the outcome were small for pneumonia deaths (n=61/9,475)a 

but there was a large magnitude of difference between eosinophil groups (66% absolute 

difference, p=0.14).

                                                      
a Low number of deaths due to pneumonia  likely to be because of changes in coding of primary cause of death 
by the Office for National Statistics away from acute causes to chronic underlying causes (CPRD ONS Death 
Registration Data Data Specification V1.5 (15 August 2016). 



 

Table 6.7: Secondary outcomes for time-to-first event ICS vs. non-ICS and interaction with blood eosinophil count 
Number experiencing 
outcome/total 

Whole group, excluding 
interaction term 

0.15 x10*9/L eosinophil threshold 0.34 x10*9/L eosinophil threshold  Continuous 
eosinophilsa 

 Hazard ratio b Hazard ratio b Interaction c Hazard ratio b Interactionc Interactionc 
Pneumonia episodes 
n=4,210/9,192 1.06 (1.00-1.13) p=0.06 1.10 (0.99-1.24), 

p=0.09 
0.95 (0.83-1.08), 
p=0.44 

1.06 (0.99-1.14), 
p=0.10 

1.01 (0.87-1.19), 
p=0.86 

0.99 (0.89-1.09), 
p=0.77 

Hospitalisation due to any cause 
n=6,392/9,007 1.00 (0.95-1.06), p=0.95 1.04 (0.95-1.14), 

p=0.42 
0.95 (0.85-1.06), 
p=0.35 

1.01 (0.95-1.07), 
p=0.78 

0.97 (0.86-1.10), 
p=0.67 

0.96 (0.89-1.04), 
p=0.32 

Hospitalisation due to pneumonia 
n=1,533/9,449 1.08 (0.97-1.20), p=0.16 1.26 (1.05-1.50), 

p=0.01 
0.80 (0.64-0.99), 
p=0.04 

1.13 (1.00-1.27), 
p=0.05 

0.79 (0.61-1.03), 
p=0.08 

0.88 (0.75-1.04), 
p=0.13 

Hospitalisation due to COPD 
n=2,621/9,384 1.05 (0.97-1.14), p=0.21 1.17 (1.02-1.35), 

p=0.03 
0.85 (0.72-1.01), 
p=0.07 

1.05 (0.96-1.15), 
p=0.29 

1.02 (0.83-1.25), 
p=0.85 

0.92 (0.81-1.04), 
p=0.18 

Death due to any cause 
n=2,071/9,475 0.97 (0.88-1.06), p=0.46 1.01 (0.87-1.19), 

p=0.86 
0.93 (0.77-1.12), 
p=0.45 

0.97 (0.87-1.07), 
p=0.52 

0.99 (0.79-1.25), 
p=0.96 

1.00 (0.87-1.15), 
p=0.96 

Death due to pneumonia 
n=61/9,475 0.73 (0.42-1.25), p=0.25 1.19 (0.50-2.84), 

p=0.70 
0.44 (0.15-1.31), 
p=0.14 

0.64 (0.35-1.17), 
p=0.15 

1.74 (0.46-6.55), 
p=0.41 

0.87 (0.38-1.99), 
p=0.75 

Death due to COPD 
n=568/9,475 1.05 (0.88-1.25), p=0.61 1.07 (0.80-1.43), 

p=0.66 
0.97 (0.68-1.39), 
p=0.87 

1.04 (0.86-1.26), 
p=0.68 

1.03 (0.66-1.62), 
p=0.90 

1.06 (0.81-1.40), 
p=0.66 

a Continuous eosinophils were logarithmically transformed for analyses. 
b Hazard ratios are for time-to-first event comparing ICS with non-ICS treatment groups (hazard ratio >1 favours non-ICS treatment), in the low eosinophil group (except 
where stated for second column). Model is including the interaction term and adjusted for covariates as listed in Table 6.2. As for exacerbations in main analysis, those 
experiencing the event of interest in the first month after initiating treatment were excluded. 
c Interaction is the hazard ratio for the interaction of baseline blood eosinophils with treatment group, describing magnitude of difference (hazard ratio <1 describes reduced 
overall hazard ratio in ICS group, with higher eosinophils). Hazard ratio in the high eosinophil group can be calculated by multiplying the hazard ratio in the low group by the 
interaction term. 



Table 6.8: Pneumonia outcomes for ICS vs non-ICS treatment, stratified by baseline blood 
eosinophil group 

 Whole group 
(no interaction 
term) 

Low eosinophil 
group (<0.15 
x10*9/L) 

High eosinophil 
group (≥0.15 
x10*9/L) 

Interaction HR 
and p-value 

Pneumonia 
episodes 

1.06 (1.00-1.13) 
p=0.06 
n=9,153 

1.10 (0.99 to 
1.24), p=0.09 
n=2,832 

1.05 (0.97 to 
1.13), p=0.24 
n=6,321 

0.95 (0.83 to 
1.08), p=0.44 

Hospitalisation 
due to 
pneumonia 

1.08 (0.97-1.20) 
p=0.16 
n=9,409 

1.26 (1.05 to 
1.50), p=0.01 
n=2,910 

1.00 (0.88 to 
1.14), p>0.99 
n=6,499 

0.80 (0.64 to 
0.99), p=0.04 

Death due to 
pneumonia 

0.73 (0.42-1.25), 
p=0.25 
n=9,435 

1.19 (0.50 to 
2.84), p=0.70 
n=2,918 

0.53 (0.27 to 
1.05), p=0.07 
n=6,517 

0.44 (0.65 to 
4.42, p=0.14 

Hazard ratios are for time-to-first event after treatment initiation, for ICS vs. non-ICS treatment. Hazard ratios 
are from Cox regression including interaction term and adjusted for covariates as detailed in Table 6.2.  

 

 Discussion 

6.8.1 Summary of findings 

This chapter has addressed whether baseline blood eosinophils counts predict inhaled 

steroid responsiveness. Approximately half of those patients commencing a new inhaled 

maintenance treatment were prescribed ICS (54%) and half were prescribed a non-ICS 

treatment (46%). Patients were more likely to be prescribed an ICS treatment if they were 

younger, female, had previous asthma, more severe breathlessness, higher baseline 

exacerbation frequency, oral steroid or theophylline use, or a higher rate of hospital 

admissions at baseline. 

Comparing ICS with non-ICS treatment, those treated with ICS had a shorter time-to-first 

exacerbation (adjusted HR 1.08, 95% CI 1.03 to 1.14) i.e. worse outcome. A significant 

interaction with baseline blood eosinophil count was found (p=0.01) at the primary 

threshold of 0.15 x10*9/L, translating as a 15% lower absolute risk of exacerbation in 



 

patients with higher eosinophils who were prescribed an ICS treatment than in patients 

with lower eosinophils who were prescribed ICS. The interaction term was no longer 

significant as the threshold for defining ‘high eosinophils’ was increased and the risk of 

exacerbation with ICS appeared greatest in those with lower eosinophils (<0.15 x10*9/L) 

when patients were stratified into ‘low’, ‘medium’ and ‘high’ eosinophil groups. In 

continuous eosinophil analysis, only at eosinophil values in the region of 0.30 to 0.40 did 

the hazard ratio reach equivalence (i.e. confidence interval crossed 1.00) between the ICS 

and non-ICS groups. 

The significant interaction of blood eosinophil count with treatment group was particularly 

pronounced in current smokers, but asthma sensitivity analyses did not alter results. Risk 

of exacerbation on ICS was highest in those with both low eosinophils and a low 

exacerbation frequency (and vice versa). There was no clear dose-response effect of dose 

on response to ICS treatment. 

In secondary outcome analyses, there was a higher risk of pneumonia hospitalisation in 

patients receiving ICS treatment compared to those not receiving ICS, and this risk was 

greatest in patients with eosinophil counts <0.15 x10*9/L, again with a significant 

interaction of eosinophils with treatment group (p=0.04) but this did not reach significance 

for other outcome measures, probably due to low occurrence of outcomes such as 

pneumonia deaths. 

6.8.2 Strengths and limitations 

This study design has several strengths. Those related to the cohort in general, such as 

evaluation of steroid-naïve patients, access to a large number of real-world patients in 



 

routine clinical practice rather than a highly selected trial population,16 and data which is 

high quality and representative of the UK population,76 have been discussed in previous 

chapters (Section 2.6.1), as well as potential limitations in relation to missing data (Section 

2.2.9) and outcome measures (Section 5.4.2). Specific strengths in relation to this chapter’s 

hypothesis-testing objective include the new-user cohort design which avoids immortal 

time bias that may be present in pharmaco-epidemiological studies,84 and enables 

comparison between two therapies without need for a run-in period or need to discontinue 

treatment, creating run-in bias.165-167 This is the first study which has used these specific 

methods to answer this clinical question (differences discussed further in Section 6.8.3 

below). 

Blood results and prescriptions are generally inputted automatically so these key variables 

of interest should have virtually complete coverage, and be accurate as to what was 

prescribed and when. Nonetheless, drugs prescribed are not necessarily taken by patients 

and adherence to maintenance medication in COPD is often poor.168 Furthermore, 

prescribing of inhaled therapy for COPD is not always uniform.33,169 My finding that almost 

1 in 5 patients were initiated on ICS monotherapy for their COPD does not conform to 

national and international COPD guidelines,10,13 but actually this is likely to reflect real-life 

practice and has been replicated in other database studies.169,170 I found that those 

prescribed ICS had more ‘asthma-like’ features (e.g. younger, female, previous asthma, oral 

steroid or theophylline use), which could suggest that these were patients being thought 

of and managed as asthma rather than COPD patients, and would explain the decision to 

use ICS monotherapy; but sensitivity analyses excluding or including all asthma did not 

change results, suggesting that this was not the case, and if anything we would expect 



 

patients with asthma started on ICS therapy to do better. Decreased propensity to 

prescribe ICS vs. non-ICS treatments over time is also likely to reflect changing guidelines 

and increased concerns over the association of ICS treatment with pneumonia over this 

time period.23-25  

In this hypothesis-testing analysis (Aim II) only those patients who had continued on their 

new treatment for at least 6 months were included. This reduced the sample size by almost 

half, suggesting that many patients do not continue on their new medication beyond one 

or two months. This may be because of a conscious trialling the benefit of a medication, a 

change to an alternative, or simply the patient failing to continue requesting prescriptions. 

Certainly, adherence to prescribed medications has been found to be sub-optimal in many 

people living with COPD.168 My findings corroborate those in the Suissa et al study108, in 

that 52.2% of patients were censored due to discontinuation of initial medication, and a 

further 12.6% switched treatment (and they only did an on-treatment analysis). In my 

study, sensitivity analysis using the full intention-to-treat population, as well as complete 

on-treatment analysis, made minimal difference to these results and this increases 

confidence in my findings in relation to this prescribing issue. Other methodological 

sensitivity analyses including inclusion of those with an outcome in the first month 

(removed to eliminate protopathic bias), and inclusion of co-variates with large amounts 

of missing data, made minimal difference to overall findings. However, further sensitivity 

analysis focusing on data management issues for determining eosinophil counts, and 

decisions in relation to medication classes and duration of treatments, would have added 

confidence to findings. 



 

In observational studies of treatment comparisons, there is likely to be residual 

confounding by indication, which is not completely eliminated by adjustment for baseline 

variables, and this may partly explain the worse outcome seen with ICS treatment in this 

study compared to in trials, which have in general found either no or a small benefit of ICS 

on exacerbation outcomes,18-21 including ‘real-life’ trials in primary care, such as the Salford 

Lung Study.171 Against this is that I found no association of ICS treatment with either 

hospitalisation or death due to any cause, suggesting that the association with poorer 

respiratory outcomes may be a true effect. Either way, it is the difference in treatment 

effect size between eosinophil groups, rather than the absolute values, which are 

important for assessing the role of eosinophils in predicting ICS responsiveness. The fact 

that the observed eosinophil-treatment effect in this study was consistent across repeated 

different methodological sensitivity analyses, and a dose-response relationship was seen 

using continuous analysis of eosinophils, in addition to allocation above and below 

differential eosinophil thresholds, strongly suggests that this relationship is likely to be real. 

6.8.3 Comparison with other literature 

Two other (recently published) studies have attempted to answer the same objective using 

the CPRD. Oshagbemi et al found a similar hazard ratio of exacerbations in patients 

prescribed ICS vs. non-ICS treatment, but that stratification of ICS use by either absolute or 

relative eosinophil counts did not result in significant differences in risk.106 However, their 

methods were quite different to mine in that they classified ICS exposure as current vs. 

never in a time-dependent manner based on recency to exposure (i.e. not new-user 

method), as well as that they excluded all patients with asthma and those who had had any 

exacerbations in the baseline period. Given that my study findings suggest that baseline 



 

exacerbation frequency also interacts with baseline eosinophil count as a marker of ICS 

responsiveness, it is perhaps unsurprising that they did not find any association. The other 

CPRD study, by Suissa et al108 was a new-user cohort study but directly comparing LABA-

ICS with LAMA (not all ICS vs. non-ICS therapies), which found a slightly lower HR for 

exacerbations than in my study (0.95 (95% CI 0.90 to 1.01) vs. 1.08 (95% CI 1.03 to 1.14)), 

but a higher HR for pneumonia risk (HR 1.37 (95% CI 1.17 to 1.60 vs. 1.06 (95% CI 1.00 to 

1.13)). Suissa et al did not exclude patients who commenced both treatments close 

together in time (only if actually on the same date); patients were not ICS-naïve; they did 

not report that they had conducted sensitivity analyses to assess whether handling 

continuation of initial medication made any difference to results; and they used high-

dimensional propensity score rather than multivariate modelling. Despite these 

differences, they found that LABA-ICS inhalers were only more effective than LAMAs in 

patients with blood eosinophil concentrations >4% or counts >0.30 x10*9/L; this is a similar 

association to in my study but with the benefit of ICS seen at lower eosinophil counts (mine 

only reached equivalence at 0.30 x10*9/L). My study found a similar dose response of 

decreasing HR with increasing eosinophil category when I looked by relative rather than 

absolute eosinophil counts. 

A systematic review and meta-analysis including five of the post-hoc analyses of ICS trials 

(Cheng et al, which included studies up to 2017) found no significant difference between 

ICS vs. non-ICS treatment at <2% eosinophils, but a relative risk of 0.816 (95% CI 0.672 to 

0.990, p=0.04) in the ≥2% eosinophil group,109 and similar findings have been found in 

continuous eosinophil analysis of previous trials, except that the benefit of ICS was seen at 

lower eosinophil counts of 0.1059 and 0.1860 x10*9/L. Certainly, non-ICS treatment appears 



 

more favourable in the lowest eosinophil groups (<0.15 x10*9/L).56 Another more recent 

systematic review of ICS escalation (Oshagbemi et al) found a reduction in exacerbation 

risk with absolute blood eosinophil thresholds ranging from ≥0.10 to ≥0.34 x10*9/L.172  

The important discrepancy between results obtained using a variety of eosinophil count 

thresholds makes comparisons between studies somewhat problematic, and developing 

guidance for practice more difficult. I have conducted sensitivity analyses using several 

different eosinophil count thresholds, as well as analysis using a continuous variable, which 

strengthens my findings in relation to overall association and mine is one of the first studies 

to do this. However, although informative, my findings cannot unequivocally guide the 

optimal threshold for clinical use due to the biases associated with the use of observational 

data to answer this question, as previously discussed. The distribution of eosinophil count 

in RCTs compared to my cohort (discussed in Section 4.5.1) may have determined the 

choice of cut-off points for the RCTs, but there is ongoing controversy concerning optimal 

thresholds. Given my finding that two-thirds of patients in my primary care sample had an 

eosinophil count above 0.15 x10*9/L (Section 4.2.2), which is greater than in the RCTs, in 

retrospect, I might not have chosen to use this low threshold; however, I did add an analysis 

of a  0.34 x10*9/L threshold in response to emerging data whilst conducting the study. 

Observational cohort studies have had mixed findings, but are limited by sample size and 

methodology concerns.137,156 Analysis of the IMPACT trial which investigated new single-

inhaler triple therapy (SIIT) effectiveness vs. dual LAMA-LABA found that the magnitude of 

benefit of ICS-containing vs. non-ICS arms in reducing exacerbation rates increased in 

proportion to blood eosinophil count, as well as for other outcomes including symptoms 



 

scores and FEV1.173 A CPRD study looking at rates of FEV1 decline found no relationship with 

blood eosinophil count.174 

These differences in findings between observational studies and RCTs may be explained by 

patients who are more unwell being commenced on ICS treatment vs. non-ICS, and indeed 

this was confirmed in the differences between the two groups at baseline (Table 6.1). As 

discussed in Section 6.8.2 above, this is likely to relate to other unknown confounders 

which cannot be adjusted for. Indeed, other database studies also showed a less marked 

benefit of ICS treatment,108 which could be a combination of residual confounding and the 

fact that a broader, less severe and less selective population is included in the primary care 

population. That said, the RCT findings were replicated in the Salford Lung Study171 which 

recruited patients from primary care, suggesting that residual confounding is the bigger 

methodological issue. The inclusion of patients with historical asthma in my study may 

result in ICS initiation in those with a more asthma-like phenotype being prescribed ICS. 

However, if this were the case, we would probably expect those commenced on ICS to do 

better rather than worse, and in fact sensitivity analyses including current asthma or 

excluding historical asthma did not change the results, which a strength of this study. 

I found that blood eosinophils predicted ICS responsiveness most in those with a high 

baseline exacerbation frequency (≥2 in baseline year) or who are current smokers. The 

association with exacerbation frequency has been found in the other CPRD studies,106,108 

although the Oshagbemi study did not include the full spectrum of exacerbation 

frequency.106 My finding in current smokers is in agreement with some studies, where only 

current smokers showed differential responses to ICS by eosinophil count.59 However, 

aside from eosinophil interactions, smoking status also independently predicts response to 



 

ICS-LABA in reducing exacerbations, with former smokers more ICS-responsive in 

trials,59,173,175 and a post-hoc cluster analysis to identify predictors of ICS responsiveness 

also identified those with a smoking history >46 pack-years as non-responders, although 

patients were categorised on the basis of cumulative smoking exposure rather than as 

current vs. ex-smokers, as in my study.176 There was no difference in ICS effectiveness 

between smoking subgroups in my study, although groups were relatively small. 

In terms of pneumonia outcomes, my finding that there is higher risk of pneumonia in 

patients with COPD receiving ICS therapy with eosinophils below 0.15 x10*9/L than in 

those with higher eosinophils (which was greatest in severe pneumonia events) has been 

replicated by other studies.108,159 However, the systematic review of post-hoc analyses of 

trials found contrasting findings,109 although this only included two studies.56,94 

6.8.4 Conclusions 

The hypothesis-testing component of my CPRD study has been rigorously conducted with 

detailed attention given to overcoming potential biases. My findings corroborate those in 

other studies, despite slightly difference methods and cohort definitions, such that we can 

definitely conclude that blood eosinophils do predict ICS responsiveness. Certainly, highest 

risk of ICS treatment (or when non-ICS treatment should certainly be favoured) is in those 

with the lowest eosinophils (<0.15 x10*9/L), both for exacerbation and (probably) 

pneumonia outcomes; and this risk is highest in infrequent exacerbators. I have found that 

ICS only become equivalent to non-ICS in terms of exacerbation risk at values of 0.30 to 

0.40 x10*9/L, but exactly where in the eosinophil range ICS they become beneficial varies 

widely between studies. Sensitivity analysis demonstrates that decisions to initiate ICS can 

probably be made irrespective of whether the last recorded eosinophil value or an average 



 

of two, three or all previous results is used, with no need to exclude those taken close to 

exacerbations. Relationship between smoking status, eosinophil count and ICS treatment 

is likely to be complex, with the literature overall suggesting that ex-smokers do better on 

ICS, but in my study and others that eosinophils appear to only be predictive in current 

smokers. 

  



 

Chapter 7: Use of near-patient eosinophils: 
accuracy and feasibility 

This chapter presents results and discussion of the near-patient testing component of my 

overall thesis questions (COMET study aims II and III), to include method comparison of the 

different testing techniques (POC capillary and venous samples, and laboratory samples) 

and the participant survey. General methods for establishing the COMET cohort and 

baseline characteristics were presented in Chapter 2; distribution, variation and 

repeatability of laboratory venous eosinophils were presented in Chapter 4. Methods 

specific to objectives in this chapter are presented at the start of each section below. 

Aims for this part of the study were as follows: 

COMET Part II: To investigate use of near-patient eosinophils compared to laboratory 

eosinophils 

Including specific objectives: 

 To assess method comparison of near-patient eosinophils compared to laboratory 

eosinophils 

 To compare capillary blood testing with venous blood testing 

COMET Part III: To assess the feasibility and acceptability of undertaking such 

measurements in a primary care setting 

 Including acceptability of both laboratory and near-patient blood tests, testing at 

the COPD annual review, and being part of the research study 



 

 Method comparison of near-patient eosinophils 

The primary comparison was between POC capillary (finger-prick) eosinophils using the 

Hemocue® WBC-DIFF machine and laboratory venous eosinophils, but due to the risk that 

there might be a difference between venous and capillary eosinophil counts due to 

biological differences rather than measurement differences (discussed in Section 3.2.5), 

secondary comparisons were made between POC venous and laboratory venous 

eosinophils, and POC capillary and POC venous eosinophils (where the POC  venous sample 

was obtained from the venous EDTA sample which would subsequently be sent to the 

laboratory). 

7.1.1 Additional methods detail and sensitivity/subgroup analysis 

As in Chapter 4, statistical analysis methods have been carried out assessing eosinophils 

both as a continuous measure and using a binary threshold (0.15 and 0.34 x10*9/L as 

previously). For analysis as a continuous measure, I used a paired t-test to calculate and 

compare the mean differences between paired measurements. This assumes that the 

differences are normally distributed, so I plotted the differences as histograms to check 

this, and then proceeded using untransformed data. I also calculated Pearson’s correlation 

co-efficient, and performed a Bland-Altman analysis.177-179 

For binary categorisation of eosinophils into ‘high’ and ‘low’ cut-offs, Cohen’s kappa test 

was used to assess the inter-measurement agreement, and diagnostic accuracy statistics 

were calculated, using the venous blood eosinophil count as the reference test, and near-

patient blood eosinophil count as the index test.143 



 

Pairs of observations on the same individual were assumed to be independent and so more 

complex measures to account for non-independence of observations were not adopted.178 

Laboratory results were rounded to the nearest one decimal place to enable better 

comparison with the POC machine which only gives readings to one decimal place. 

No specific sensitivity or subgroup analyses were performed for near-patient testing 

analysis aspects of the study. 

7.1.2 Available results 

322 laboratory eosinophil results were available for 93 participants (baseline 

characteristics of this population were detailed in Section 3.5, and reasons for missing 

laboratory results were detailed in Section 3.5.1); 318 POC capillary eosinophil results were 

available for 93 participants (missing for n=22 due to machine error or problem (n=18) or 

difficulty obtaining the sample (n=4); 319 POC venous eosinophil results were available for 

93 participants (missing for n=21 due to machine error/issue (n=9), a participant issue e.g. 

refused or difficult to bleed (n=11) or reason not given (n=1)). This meant that paired 

results were available for n=303 (POC capillary/laboratory venous), n=315 (POC 

venous/laboratory venous) and n=306 (POC capillary/POC venous), on 92 participants. 

7.1.3 Continuous analysis 

Table 7.1 shows the mean difference using the paired t-test for each method comparison. 

There was a small but significant difference of 0.01 x10*9/L between POC capillary and 

POC venous, and laboratory venous eosinophils (p=0.01 and p=0.03 respectively), but no 

difference between POC capillary and POC venous samples (p=0.43). 



 

Table 7.1: Method comparison using paired t-test 

Paired 
samples 
(n=) 

Laboratory 
venous 
(mean (95% CI), 
SD) 

POC capillary 
(mean (95% CI), 
SD) 

POC venous 
(mean (95% CI), 
SD) 

Mean difference 
(mean (95% CI), 
SD) 

p-value 

303 0.20 
(0.19-0.22), 0.13 

0.19 
(0.18-0.21), 0.14 

N/a 0.01 
(0.00-0.02), 0.07 

0.01 

315 0.20 
(0.19-0.22), 0.13 

N/a 0.20 
(0.18-0.21), 0.13 

0.01 
(0.00-0.01), 0.06 

0.03 

306 N/a 0.19 
(0.18-0.21), 0.14 

0.20 
(0.18-0.21), 0.13 

0.00 
(-0.01-0.01), 0.08 

0.43 

Eosinophil data were not transformed for this analysis so means presented are not geometric means (and 
why they are different from lower mean (0.16) presented in earlier analyses in Chapter 4). 

There was a strong correlation between paired samples using the different methods 

(r=0.86 for POC capillary vs. laboratory venous; r=0.90 for POC venous vs. laboratory 

venous; r=0.84 for POC capillary vs. POC venous (Figure 7.1). Figure 7.2 shows the Bland-

Altman plots for the method comparison. For the main analysis comparing POC capillary 

with laboratory venous measurements, the limits of agreement were -0.14 to 0.16 x10*9/L, 

which was similar for the other comparisons. There were weak statistically significant 

correlations of measurement difference with the mean for comparisons of POC capillary 

vs. laboratory venous (r=-0.19, p=0.001) and POC capillary vs. POC venous (r=-0.17, 

p=0.003) but not for POC venous vs. laboratory venous (r=-0.03, p=0.64). 



 

Figure 7.1: Scatter plots of measurement method comparisons A) POC capillary vs. 
laboratory venous B) POC venous vs. laboratory venous C) POC capillary vs. POC venous 

A) 

 
B) 

C) 

Pearson’s correlation co-efficient A) r=0.86 (p<0.001), n=303 B) r=0.90 (p<0.001), n=315 C) r=0.84 (p<0.001), 
n=306. Each point is displayed weighted by the frequency of observations, with the area proportional to the 
number of observations at that point. 

0
.5

1
C

a
pi

lla
ry

 e
o

si
n

op
h

ils
 (

P
O

C
T

) 
(x

1
0

*9
/L

)

0 .2 .4 .6 .8
Venous eosinophils (POCT) (x10*9/L)

0
.2

.4
.6

.8
V

en
ou

s 
e

os
in

o
ph

ils
 (

P
O

C
T

) 
(x

10
*9

/L
)

0 .2 .4 .6 .8
Laboratory eosinophils (x10*9/L)

0
.5

1
C

a
pi

lla
ry

 e
o

si
n

op
hi

ls
 (

P
O

C
T

) 
(x

1
0

*9
/L

)

0 .2 .4 .6 .8
Laboratory eosinophils (x10*9/L)



 

Figure 7.2: Bland-Altman plots for measurement method comparisons A) POC capillary 
vs. laboratory venous B) POC venous vs. laboratory venous C) POC capillary vs. POC 
venous 

A) 

 

n=303 
 
Mean difference (95%CI, SD): 
0.01 (0.00-0.02, 0.07) 
 
Limits of agreement (+/-2SD): 
-0.14-0.16 
 
Overall difference range: 
-0.4-0.2 
 
Correlation of difference with 
mean (p-value): 
r=-0.19 (p=0.001) 
 

B) 

 

n=315 
 
Mean difference (95%CI, SD): 
0.01 (0.00-0.01, 0.06) 
 
Limits of agreement (+/-2SD): 
-0.11-0.13 
 
Overall difference range: 
-0.3-0.2 
 
Correlation of difference with 
mean (p-value): 
r=-0.03 (p=0.64) 
 

C) 

 

n=306 
 
Mean difference (95%CI, SD): 
0.00 (-0.01-0.01, 0.08) 
 
Limits of agreement (+/-2SD): 
-0.15-0.16 
 
Overall difference range: 
-0.4-0.2 
 
Correlation of difference with 
mean (p-value): 
r=-0.16 (p=0.004) 
 

Each point is displayed weighted by the frequency of observations, with the area proportional to the number 
of observations at that point. Dotted line shows the mean difference. Solid line indicates zero. Dashed lines 
show limits of agreement (two standard deviations above and below the mean). 
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A post-hoc sensitivity analysis was conducted excluding two extremely outlying results 

(both resulting in differences of 0.4 x10*9/L between samples), to assess the influence on 

overall results.177 This had no effect on the overall mean difference, but did slightly narrow 

the limits of agreement and made the correlation of difference with mean no longer 

significant. 

7.1.4 Binary analysis 

Cohen’s kappa (κ) was 0.74 for the primary analysis of POC capillary vs. laboratory venous 

eosinophils, using the 0.15 x10*9/L threshold (p<0.001), and ranging from 0.67 to 0.78 for 

the other measures, indicating substantial agreement throughout (Table 7.2).143 

Table 7.2: Agreement between measurement method paired samples (Cohen's kappa) 

Eosinophil threshold POC capillary vs. 
laboratory venous 

POC venous vs. 
laboratory venous 

POC capillary vs. POC 
venous 

0.15 x10*9/L 0.74 (p<0.001) 0.76 (p<0.001) 0.69 (p<0.001) 
0.34 x10*9/L 0.77 (p<0.001) 0.78 (p<0.001) 0.67 (p<0.001) 

 

Table 7.3 shows diagnostic accuracy analysis using POC capillary eosinophils as the ‘index 

test’ and laboratory eosinophils as the ‘reference test’ i.e. assuming that the laboratory 

result is the gold standard for the ‘correct’ value. At the 0.15 x10*9/L threshold, the 

sensitivity of POC capillary eosinophils was 84.9% (95% CI 78.8 to 89.8%) and the specificity 

was 90.3% (95% CI 83.7 to 94.9%), which decreased and increased respectively as the 

threshold for defining ‘high eosinophils’ increased to 0.34 x10*9/L.



 

Table 7.3: Diagnostic accuracy analysis assessing POC capillary eosinophils vs. laboratory venous eosinophils using binary thresholds 

 Index test group 
(POC capillary 
eosinophils) 

Low 
eosinophil 
group 
(laboratory) 
(n=) 

High 
eosinophil 
group 
(laboratory) 
(n=) 

Sensitivity 
(%) 
(95% CI) 

Specificity 
(%) 
(95% CI) 

PPV 
(%) 
(95% CI) 

NPV 
(%) 
(95% CI) 

LR+ 
(95% CI) 

LR- 
(95% CI) 

0.15 
x10*9/L 
threshold 

Low eosinophil (n=) 
High eosinophil (n=) 

112/124 
12/124 

27/179 
152/179 

84.9 
(78.8-89.8) 

90.3 
(83.7-94.9) 

92.7 
(87.6-96.2) 

80.6 
(73.0-86.8) 

8.8 
(5.1-15.1) 

0.17 
(0.12-0.24) 

0.34 
x10*9/L 
threshold 

Low eosinophil (n=) 
High eosinophil (n=) 

258/264 
6/264 

9/39 
30/39 

76.9 
(60.7-88.9) 

97.7 
(95.1-99.2) 

83.3 
(67.2-93.6) 

96.6 
(93.7-98.4) 

33.9 
(15.1-76.0) 

0.24 
(0.13-0.42) 

PPV, positive predictive value. NPV, negative predictive value. LR+, positive likelihood ratio. LR-, negative likelihood ratio.



 Acceptability of near-patient testing 

The survey developed and used for this part of the study was discussed in Section 3.2.7 and 

3.2.8 and a copy of the survey can be found in Appendix O. 

7.2.1 Survey results 

80/95 (84.2%) participants attended a final study visit, and 76/80 (95.0%) completed a 

survey. Survey results (both quantitative and qualitative aspects) are presented in Table 

7.4. Participants had in general not found the blood tests too uncomfortable (mean score 

8.8 (SD 2.1) for venous blood test and 9.1 for finger prick test (SD 1.8), and participants 

would be very happy to have these as part of their COPD annual review, with comments 

such as “I don't mind blood tests at all, they don't hurt and if a solution can be found for 

managing COPD it is well worth it” [female in sixties]. In general, satisfaction for blood tests 

was higher than for breathing tests (Table 7.4). 

Participants found the COPD annual review helpful (mean score 9.1 (SD 1.7)), with more 

mixed (but generally positive) attitudes towards extra testing as part of this. In free text 

comments some participants commented on the benefits in terms of reassurance, but 

others also identified potential anxieties: “I am both reassured and made anxious by being 

tested” [female in seventies]. 

Participants had had in general a very positive experience of taking part in the study (mean 

score 9.4 (SD 1.1)) and the free text comments reflected this. Participants had particularly 



 

enjoyed building a relationship with the study nurses,a and having information about their 

condition and new tests for the future (Table 7.4 free text comments).b 

  

                                                      
a The detailed survey results were specifically fed back to the Clinical Trials Unit study nurse team. 
b Comments regarding FeNO are included here for completion but will not be discussed further. 



 

Table 7.4: Participant satisfaction survey results 

Survey question n= Mean a 
(SD) 

About the blood tests 
  I found the blood test from my arm uncomfortable (10=Not at all 
uncomfortable) 
  I found the blood test from my finger uncomfortable (10=Not at all 
uncomfortable) 
  I don’t mind putting up with the discomfort of a blood test if it helps with 
managing my COPD (10=I don’t mind at all) 
  I would be happy to have a finger prick blood test as part of my COPD 
annual review (10=Very happy) 
  I would be happy to have a blood test from my arm as part of my COPD 
annual review (10=Very happy) 

76 
 
76 
 
76 
 
76 
 
76 

8.8 (2.1) 
 
9.1 (1.8) 
 
9.6 (0.9) 
 
9.7 (0.7) 
 
9.5 (1.0) 

  Any thoughts or comments about the blood tests and the process of getting 
the blood tests (free text) 

28 N/a 

 No problems/concerns/don’t mind 
 Even if a bit of discomfort worth it for helping manage COPD “I don't 

mind blood tests at all, they don't hurt and if a solution can be found 
for managing COPD it is well worth it” 

 Go along with opinion of health care professionals “If health care 
professionals think I need it I will have it” 

 Would prefer finger prick to blood test “I feel nervous when having 
arm blood tests. The first finger prick was quite painful but improved 
from the second.” 

 Finger test more painful 
 Miscellaneous “Tell everyone to drink lots of water beforehand” 

18 
5 
 
 
1 
 
2 
 
 
1 
1 

N/a 

About the breathing tests 
  I find spirometry is easy to perform (10=Very easy) 
  I find FeNO is easy to perform (10=Very easy) 
  The visual display made it easier for me to understand how to use the FeNO 
machine (10=I completely agree) 
  I would be happy to have FeNO as part of my COPD annual review (10=Very 
happy) 

76 
76 
76 
 
76 

7.1 (2.4) 
7.8 (2.1) 
8.9 (1.7) 
 
9.5 (0.9) 

  Any thoughts or comments about the breathing tests and the process of 
doing this (free text) 

21 N/a 

 No problems/concerns/don’t mind “Very impressed by FeNO!” 
 Regardless of ease would be happy to have it if beneficial to them 
 Happy to help contribute to research even if uncomfortable 
 First time difficult with FeNO/need to repeat test 
 Specific feedback about machines “Screens need to be a bit bigger” “I 

find the tube on spirometry too wide. The mouth piece on the FeNO 
machine is easier to use.” 

 Found it tiring 
 Inducing anxiety “Raises anxieties in case results are not good” 

11 
2 
2 
2 
2 
 
 
1 
1 

N/a 



 

About the COPD annual review b 
  I find the annual review helpful (10=I completely agree) 
  In general, I feel happier if I have had a lot of tests (10=I completely agree) 
  I would like to have instant feedback on my results (rather than having to 
wait for a result of a test) (10=I completely agree) 
  I would be more motivated to look after my COPD because of additional 
testing (10=I completely agree) 
  Having these tests regularly would strengthen my relationship with my GP 
or nurse (10=I completely agree) 

70 
71 
71 
 
71 
 
70 

9.1 (1.7) 
7.8 (2.6) 
7.6 (2.7) 
 
7.1 (2.8) 
 
7.5 (2.6) 

  Any thoughts or comments about the COPD annual review and extra testing 
in general (free text) 

15 N/a 

 Good “I think it's a very good thing. I'm lucky to have it available.” “It 
is a relief to know that I am being looked after! Thank you.” 

 Prefer not to visit doctors “If I have to come in I'll come in” 
 Would prefer/welcome increased frequency e.g. twice a year 
 Tests (and extra tests) give reassurance 
 Mixed “I am both reassured and made anxious by being tested” 
 Research-orientated “If it helps other people worse than me that’s 

the main thing” 

6 
 
2 
2 
3 
1 
1 

N/a 

About being in this study 
  I have enjoyed being part of this study 76 9.4 (1.1) 
  What did you find worked well? (free text) 51 N/a 

 All of it/no problems 
 Friendly nurses/relationship built up with the team 
 Good explanations about the tests/understanding new research 

methods 
 Good to be helping with a study 
 Organisational aspects e.g. “on time” 
 Personal interest “It's been interesting to see what the difference 

was from 1 test to the next and what results I got.” 
 Spirometer 
 FeNO machine 
 Miscellaneous “Getting it over and done with” 

33 
5 
5 
 
1 
1 
1 
 
1 
3 
1 

N/a 

  What did you find made it difficult? (free text) 45 N/a 
 Nothing 
 Difficulty of some of the breath tests e.g. “doing 3 spirometry blows”, 

“FeNO” “salbutamol inhaler difficult to use” 
 Felt less well after breath tests “coughing after breath tests” “weak 

feelings after puffing and blowing” 
 Blood tests 
 Communications with booking staff 
 “How happy the staff was” 
 “Worry about a possible worsening” 

29 
8 
 
3 
 
2 
1 
1 
1 

N/a 



 

  What would have made it easier for you? (free text) 35 N/a 
 Nothing “It was a very easy process. Don't think it could have been 

better.” “A perfect study!” 
 Organisational aspects e.g. reminder letter, weekend appointments, 

response to e-mails 
 Miscellaneous e.g. “bacon sandwich”, “if I stopped smoking” “Feno 

all the way” “cup of tea” “an inhaler you could activate 
independently” “if I didn’t have to breathe through the tubes” “more 
frequent visits for COPD” 

 “Harder or easier are irrelevant, the results are what matter” 
 Being told results 

23 
 
3 
 
7 
 
 
 
1 
1 

N/a 

  Any additional comments about the study (free text) 29 N/a 
 Nice/cheerful staff  “The lady who conducted the tests was 

delightful.” 
 Pleased to have taken part 
 Well conducted study 
 Hope the results will be useful 
 Increased knowledge of condition/found it interesting 
 No further comments/good 
 Miscellaneous e.g. “keep going” “would appreciate some feedback 

eventually” 

4 
8 
2 
5 
4 
4 
2 

N/a 

a Numerical results were scored using a Visual Analogue Scale from 0 to 10, measured using a ruler and then 
given to the nearest whole figure. Direct quotes are shown in italics. 
b There were a surprisingly large number of missing answers for the section ‘About the COPD annual review’. 
For one participant the blank page was accompanied by the comment ‘No review done in practice I've been 
reviewed at the chest clinic’ but for others there was no clear reason. 
  



 

 Discussion 

7.3.1 Summary of findings 

This chapter has assessed use of the Hemocue® WBC-DIFF machine compared with 

laboratory eosinophils, as well as comparing use of capillary and venous blood testing, and 

acceptability to patients. Correlation was high between POC capillary vs. laboratory venous 

(r=0.86), POC venous vs. laboratory venous (r=0.90) and POC capillary vs. POC venous 

(r=0.84). There was a small but significant difference of 0.01 x10*9/L between POC 

eosinophils (both capillary and venous) and laboratory eosinophils, and no difference 

between POC capillary and venous samples; this difference is too small to be of clinical 

significance and in any case is below the lower limit of detection of the Hemocue® machine 

which gives results to the nearest 0.1 x10*9/L. Limits of agreement on Bland-Altman 

analysis were approximately +/-0.15 x10*9/L. For binary analysis, agreement between 

measurement pairs were in the range κ=0.67 to 0.78, which indicates substantial 

agreement,143 and in diagnostic accuracy analysis, sensitivity and specificity were 85 and 

90% respectively at the 0.15 x10*9/L threshold, changing to 77 and 98% respectively at the 

0.34 x10*9/L threshold. 

Participant survey completion rate was high (95%). Participants had mostly not found the 

finger prick blood test uncomfortable (and less uncomfortable than the venous blood test), 

and satisfaction for blood tests was higher than for breathing tests. Attitudes towards extra 

testing as part of the COPD annual review were in general positive, although some 

participants recognised that there could be additional anxiety caused by testing. 

Participants had had a generally positive experience of taking part in the COMET study. 



 

7.3.2 Strengths and limitations 

This is the first study to investigate POC eosinophils in a hypothesis-driven, individually 

consented, prospective primary care ICS-naïve COPD population, examining feasibility, 

usability (including patient opinion) and repeatability in such detail. There were a large 

number of paired samples available for participants in this cohort (n=303 to 315), which 

gives the largest number of data points to date that examines method comparison of blood  

eosinophils (as discussed in Section 7.3.3 below). I also assessed a range of different 

method comparison methods, which reassures me that my findings are likely to be robust. 

Missing data for POC capillary tests were largely due to machine errors rather than 

difficulty obtaining the sample from participants. This is in contrast to missing data for 

venous samples which were largely due to difficulty obtaining the venous sample. This 

highlights that this method of measuring eosinophils may be useful in clinical practice for 

patients who are difficult to bleed. The number of machine errors formally recorded (and 

resulting in no sample tested) does not, however, represent the number of machine errors 

which occurred. The study nurses reported that it sometimes took several attempts to get 

the Hemocue® machine to process the sample. However, this was not formally recorded in 

the CRF to be able to capture this quantitatively but would have been useful for 

determining acceptability to practice staff. This is important because in the clinical research 

study setting there is sufficient time to run repeated tests, but this would not be the case 

in routine clinical practice and might limit usability. Furthermore, having the machine only 

being used by a small number of people who quickly became proficient in managing its 

foibles, does not enable us to draw conclusions about how this would work with a range of 

(potentially untrained) practice staff using the machine. A point-of-care test can only be 



 

fully evaluated in the setting in which it will ultimately be used,180 and this needs to involve 

evaluation from clinicians as well as patients.181 Other studies have not reported any issue 

with machine errors, and it is possible that this occurred in this study due to the machine 

being moved around frequently between different study sites, although another local 

study using the device in the Oxford hospitals Emergency Department has recently 

abandoned its use due to frequent machine errors (personal communication). 

Blood eosinophils do show physiological diurnal variation,182 and it is possible that this 

might have affected results. However, blood tests were taken at a time commonly used in 

primary care for taking laboratory samples, to enable them to reach the laboratory the 

same day (i.e. morning or early afternoon). Use of near-patient testing might mean that 

clinics could run later in the day as this would no longer be a limitation, and so it is possible 

that agreement might vary if this were the case. 

For diagnostic accuracy assessment, there is a question over which test should be deemed 

the ‘gold standard’. I decided to use the laboratory venous sample as the reference 

standard, as this is the current practice. However, it is possible that capillary eosinophils 

might be more representative of tissue eosinophils (and therefore correlate better with 

lung tissue eosinophils than peripheral blood eosinophils, which is debated),156 as well as 

being ‘fresher’ as there is no time delay for transport to the laboratory. Diagnostic accuracy 

assessment for binary method comparison is also of limited utility where many of the 

points of variation are around the threshold points, as discussed in Section 4.5.1); I could 

potentially have used Receiver Operating Characteristic curves to assess probability of 

predicting correspondence across various eosinophil thresholds as used in one study.183 



 

There was good response rate to the participant survey, and this may relate to giving it out 

at the last appointment and linking its completion to receipt of the gift voucher (which may 

more generally have encouraged participation in the research, aside from the survey).184 

Participants appear to have found it straightforward to complete, and have given 

appropriate answers, which was probably helped by piloting the survey with the PPI 

representative. Although there was no available validated survey to use, I was able to base 

it on previously published studies addressing similar questions.70,125,126 However, the depth 

of the qualitative answers is limited due to the size of the free text boxes, and need for 

writing (which may be difficult in an elderly population with poor eyesight), and a 

qualitative interview study would be needed to be able to draw firmer conclusions on the 

acceptability of POC eosinophil testing to patients. Furthermore, there is the limitation that 

levels of satisfaction in relation to the testing procedures may result simply from 

participants being part of a study (and likely an engaged, compliant subgroup of patients) 

rather than attributable to the testing procedures themselves (the Hawthorne effect).70 

There is also a tendency for survey participants to give positive responses,123 and so views 

may not be representative of the whole primary care COPD population. 

7.3.3 Comparison with other literature 

This is the only study which has assessed the Hemocue® WBC-DIFF device in COPD patients 

in primary care, with multiple paired samples, and also comparing capillary and venous 

results for eosinophils. Other studies have generally focused on other white blood cells, 

and not necessarily published data on eosinophils, and give headline figures for method 

comparison in terms of results for correlation.183,185-187 There have been repeated criticisms 

of this approach, as correlation assesses the strength of the linear relationship between 



 

measurements, not the agreement, and high correlation does not necessarily indicate good 

agreement; Bland-Altman methods to assess mean difference and limits of agreement are 

superior.144,177 

Correlation between POC capillary and laboratory venous eosinophils has been found to 

be r=0.97 in healthy volunteers (n=20),185 ‘poor’ correlation in a paediatric population 

(n=158),188 and r=0.87 in patients presenting routinely to a remote clinic in Australia 

(n=53),187 compared to r=0.86 in the COMET study. There was a mean difference of 0.04 

(95% CI -0.07 to -0.02 x10*9/L) in POC capillary vs. laboratory venous eosinophils and 0.00 

(95% CI -0.03 to 0.02 x10*9/L) for POC vs. laboratory venous samples in the latter 

Australian study. The correlations between POC capillary and laboratory venous eosinophil 

test results (with cautions regarding this method as discussed above) are similar in the 

COMET study to those found in the Australian clinic study, but lower than the high 

correlation found in healthy volunteers. This variation in results may be due to low 

eosinophil counts in healthy volunteers as well as a more controlled environment, and 

indicates the importance of testing a device in the clinical setting in which it will ultimately 

be used. 

Two studies have specifically looked at the Hemocue® WBC-DIFF device in patients with 

respiratory disease. In 76 patients with severe asthma, there was correlation of r=0.85 

between POC capillary and laboratory venous sample, and, as in the COMET study, 

eosinophils were generally lower on the POC machine compared to venous laboratory 

values (mean eosinophils 0.48 vs. 0.61 x10*9/L eosinophils).183 I also found that eosinophils 

were higher in laboratory venous samples, but by a much smaller difference (0.01 x10*9/L), 

which may relate to the much higher eosinophil values in a severe asthma population. This 



 

would fit with another study in healthy (n=19), asthmatic (n=12) and COPD (n=10) patients 

which found an eosinophil geometric mean of 0.2 x10*9/L for both POC and laboratory 

results, as in our study.186 They found a correlation of r=0.85 and no significant difference 

between POC and laboratory results (p=0.78), which may relate to the much smaller 

sample size not allowing a small difference to be detectable. As in the COMET study, they 

found a small amount of proportional bias at higher levels of eosinophil counts, but did not 

consider this to be clinically significant. 

I found closer agreement between POC capillary and POC venous samples than in either of 

these compared with laboratory venous samples. Differences have been found in blood 

count parameters between venous and capillary blood (n=24 healthy volunteers), with 

significantly higher white cell counts in finger prick compared to venous blood (p<0.001), 

particularly granulocytes (which includes eosinophils).121 This latter study also found higher 

inter-measurement variation in the fingertip, with decreasing numbers of leucocytes found 

with repeated sampling, which they proposed might be due to immediate local 

accumulation of granulocytes due to skin puncture. It is recommended that the first drop 

of blood be wiped away, and using as large a drop of blood as possible without squeezing 

the finger,189 which is what is recommended in the Hemocue® WBC-DIFF device 

instructions, and this might explain why there has been no difference between capillary vs. 

venous blood in studies specifically using the Hemocue® WBC-DIFF device (p=0.105 for 

total leucocytes120 and p=0.46 for eosinophils in COMET). The studies in respiratory 

patients have assessed reproducibility of repeated samples on the same individual183,186 

(which I did not do), and found this to be acceptable and within the desirable Westgard 

specifications190 for total error, imprecision and bias; another study found that 



 

reproducibility reduced at higher eosinophil counts and did not meet these criteria,185 but 

this was in patients with schizophrenia rather than those with respiratory disease. 

In terms of acceptability, only one study has specifically addressed this for the Hemocue® 

WBC-DIFF device, and this was using it for clozapine monitoring in schizophrenia in the 

Netherlands. They used a VAS for patients to rate their subjective experiences of various 

aspects of blood sampling, and found a consistent pattern favouring capillary blood 

sampling over venous sampling, and practitioners also preferred it (with no mention of 

machine errors).191 

Near-patient testing has been more extensively studied in medical conditions other than 

COPD, particularly for anticoagulant therapy monitoring (International Normalised Ratio, 

INR) and diabetes (glycosylated haemoglobin, HbA1c), as these are conditions where near-

patient testing would enable an immediate management decision to be made, and avoids 

the need for waiting for a result, often involving a second visit. Actionable information at 

the point of care would also be the potenial utility of eosinophil testing in COPD. A large 

study (n=1664 dual measurements) comparing near-patient vs. laboratory tests for INR, 

found that mean difference depended on the average INR result, and increased as average 

INR increased, similar to in my study for eosinophils.192 Another study (n=46) used a cross-

over design over 6 months to compare the two testing modalities and found no significant 

difference between them, and that the mean difference increased as average INR 

increased.193 A meta-analysis assessed effectiveness of the near-patient test in terms of 

INR control and clinical outcomes, and found reduced deaths and thromboembolic events 

in the near-patient group.194 This was for self-testing of INR, so one would in fact expect 

greater variability than with clinician-testing. Although my study was not of sufficient 



 

duration or with a comparator group, to be able to assess clinical outcomes in this way, it 

remains one of the largest and first in a population with COPD. Application thus of POC for 

eosinophils in COPD needs to be further assessed in respect of outcomes but remains 

eminently tangible to future implementation in clinical practice. 

In diabetes, a systematic review and meta-analysis included 61 studies195 which examined 

a range of devices for near-patient HbA1c testing, and assessed mean difference, 

variability, precision, and diagnostic accuracy around an HbA1c threshold. There was 

considerable variation between results from different devices, but also between studies of 

tests using the same device. As discussed earlier in this section, my study found no 

meaningful difference between capillary and venous eosinophils, but this was not the case 

for diabetes monitoring, where a near-patient testing study similarly comparing results for 

samples found a much higher differentiation between poorly and well-controlled blood 

glucose levels when results from testing capillary blood were used.196 It may be that 

capillary samples better reflect true tissue level results in terms of glucose homeostasis 

compared to a venous sample, whereas this may not be the case for eosinophils. 

Surveys have also been conducted to assess patient and clinician acceptability for POC 

testing for other conditions. A similar survey to mine also used VAS to determine if patients 

were more satisfied with near-patient testing than laboratory testing (for diabetes, 

hyperlipidaemia and anticoagulant therapy monitoring).70 They found that patients would 

rather have blood taken by finger prick than by needle, and our scores were similar for the 

questions on motivation to look after the chronic disease because of the POC testing, 

strengthening the relationship with the health care professional, and finding instant 

feedback helpful. In a study of acceptability of near-patient testing for HbA1c by primary 



 

care nurses, using both survey and qualitative interview components,125 it emerged 

strongly that patients in both study groups were typically very satisfied with usual test 

arrangements, as we also found in relation to the current COPD annual review. In the 

HbA1c study, nurses reported a strong advantage of near-patient testing in terms of having 

the result available for discussion with the patient. However, the usefulness of an instant 

result did vary between surgeries according to the nurse’s level of responsibility for making 

management changes and the availability of a doctor during nurse-led clinics, and the same 

would likely be true if the Hemocue® WBC-DIFF device were used in COPD management. 

A recent qualitative study197 focusing on HbA1c near-patient testing found that patients 

found a single appointment more convenient, and reduced previous anxiety they had felt 

while waiting for the result. However, clinicians expressed concern about potential cost of 

the devices, as this would be in addition to the laboratory testing which is a single fee for 

service and does not specifically itemise HbA1c testing. This would be a factor in the 

implementation of eosinophil near-patient testing, as discussed further in the next chapter. 

However, findings from these acceptability studies are not directly comparable because 

they assess POC tests as a replacement for existing laboratory testing, whereas in our 

context this would be an add-on test (as no laboratory test is generally currently performed 

routinely as part of the COPD annual review). In a qualitative interview study of patients 

and clinicians addressing acceptability of an add-on test (for respiratory tract infection), 

patients did identify fewer reconsultations to get results as a potential benefit.126 

7.3.4 Conclusions 

I found close agreement between POC capillary and laboratory eosinophils, using the 

Hemocue® WBC-DIFF machine, and the mean difference of 0.001 x10*9/L is unlikely to be 



 

clinically significant, and is below the lower limit of detection of the machine in any case. 

This corroborates other published findings, although there is limited existing research in 

this area. Any small differences between capillary and venous measurements are unlikely 

to be clinically relevant. Study participants found the testing acceptable and would be 

amenable to its implementation into routine practice as part of the annual COPD review, 

although firm conclusions are limited by survey methods and potentially a highly selected 

population. Use of near-patient testing may have particularly advantages for those who 

are difficult to bleed, but its use may be limited by a relatively large number of machine 

errors and a need for repeated samples, although this has not been reported in other 

published studies. 

  



 

Chapter 8: Conclusions 
In this final chapter I will draw together objectives, results and discussion from other 

chapters, and place it together in the context of other literature and guidelines which have 

been published during my doctoral project; review strengths and limitations of the 

methods I have used to answer my specific objectives; and discuss implications of my work 

for clinical practice, future policy, and further research. I will not repeat detailed discussion 

of methodological strengths and weaknesses or comparison with other study findings as 

these have been discussed in detail in each chapter’s Discussion section (Chapters 2 to 7). 

My specific contributions to my different thesis projects, and broader reflections on what 

I have learned through undertaking this programme of work, are laid out in the subsequent 

epilogue. 

 Key findings in relation to thesis objectives 

My overall hypothesis was that primary care COPD patients with higher baseline blood 

eosinophils are likely to do better on ICS treatment compared to those with lower 

eosinophils. I aimed to better characterise this phenotype, establish relationship of blood 

eosinophils to disease outcomes and whether blood eosinophil levels could predict ICS 

responsiveness, and assess the use of a near-patient test for blood eosinophils which could 

potentially be used to streamline the COPD annual review process. 

Specific objectives were summarised in Box 1.1 and are repeated here with a summary of 

study findings, with initial implications for clinical practice going forwards shown in bold, 

which will be discussed and formed into recommendations later in this chapter. 



 

To describe existing practice of blood eosinophil testing in ICS-naïve primary care patients 

with COPD in the period before starting a new inhaled maintenance treatment 

 In current primary care practice, almost 65% of the COPD population have an 

eosinophil count measured within 2 years of commencing a new inhaled 

maintenance treatment 

This finding is important as it implies that the practice of measuring eosinophils is 

possible and frequently done in the course of routine primary care, and that the results 

available in the clinical records of the majority of COPD patients could be used to inform 

clinical practice and direct treatment.  

To assess blood eosinophil distribution in the primary care COPD population 

 There is a right-skewed distribution of eosinophil counts with a geometric mean 

of 0.20 and 0.16 x10*9/L in the CPRD and COMET cohorts respectively  

 Using thresholds to categorise eosinophil counts into groups, approximately half 

of patients fall into a ‘medium’ category of eosinophil counts in the range 0.15 

to 0.34 x10*9/L (50% in CPRD and 43% in COMET) 

 Using a threshold of 0.15 x10*9/L, 69% (CPRD) and 59% (COMET) of patients 

with COPD have eosinophil counts above the threshold 

Eosinophil counts had a slightly different mean between my CPRD and COMET study 

data, but this difference is small and unlikely to have any implication in result 

interpretation. A significant majority of patients have eosinophil levels greater than 

0.15x10*9/L, meaning use of this threshold alone to guide ICS initiation would result in 

the majority of patients commencing ICS treatment. 

To assess the association between higher blood eosinophil counts and clinical 

characteristics 



 

 Patients are more likely to have higher eosinophils if they are younger, male, ex-

smokers, with a history of atopy, more exacerbations, higher prescriptions for oral 

steroids or salbutamol inhalers, high GP consultation rates or more co-morbidities 

 In this cohort, there is no association between eosinophil counts and historical or 

active asthma 

There is a clinical difference in patients with higher eosinophils which may help in 

distinguishing how these are to be interpreted in clinical practice.  

To assess within-person variation and stability over time of blood eosinophil counts, to 

decide whether the most recent value can be used in decision-making 

 Variation between repeated eosinophil measurements increases with higher 

eosinophil counts  

 There is good and excellent agreement as measured by the ICC for repeated 

measures of eosinophil counts in CPRD and COMET respectively  

 Using binary thresholds of 0.15 and 0.34 x10*9/L for categorising eosinophils, there 

is moderate/substantial agreement for CPRD and COMET 

 Higher variation occurs when eosinophil values close to acute events are measured, 

but this effect is small and unlikely to be clinically significant in interpretation of 

repeatability 

There is a good repeatability with repeated measures of eosinophils, and if these are 

available in clinical practice, interpretation over several tests is appropriate. However, 

one single result, away from an acute event, may also be useful if repeated measures are 

not available.  

To investigate whether baseline blood eosinophil count predicts disease outcomes over 

time, in the population starting a new inhaled maintenance treatment 



 

 There is an association, albeit weak, between lower baseline eosinophil count and 

subsequent exacerbations, whether this is determined using cut-offs or continuous 

analysis 

 This association is present only in current smokers and is much stronger in those 

with asthma or atopy, when other groups were excluded in subgroup analysis 

 There is strong association of eosinophils with reduced risk of being hospitalised 

with pneumonia, COPD, and death due to any cause, pneumonia or COPD, 

particularly using the 0.15 x10*9/L threshold  

 The highest risk for poor outcomes is in the lowest (<0.15 x10*9/L) eosinophil count 

category and this is independent of treatment group (ICS vs. non-ICS) 

Using eosinophil count to predict disease course is unlikely to be clinically helpful on an 

individual basis compared to at an epidemiological level. In my CPRD cohort, outcomes 

were worse in the lowest eosinophil groups, independent of ICS treatment, which adds 

to a somewhat mixed existing evidence base in this area (as other studies have conflicting 

findings). 

To test whether baseline blood eosinophil count predicts inhaled steroid responsiveness and 

whether there is a dose-response (by eosinophil count and ICS dose) for this effect 

 There is a statistically significant interaction between ICS treatment and blood 

eosinophil count, translating as a 15% lower absolute risk of subsequent 

exacerbations in patients with higher baseline eosinophil counts who are 

prescribed an ICS treatment, compared with patients with lower eosinophils who 

are prescribed ICS  

 In patients prescribed an ICS there is an eosinophil dose-response with risk of 

subsequent exacerbation greatest in those with lower eosinophil counts (i.e., <0.15 

x10*9/L);  ICS only appeared to become beneficial in terms of reducing 

exacerbations at much higher eosinophil counts (≥0.45 x10*9/L or more) 



 

 The significant interaction of blood eosinophil count with treatment group is 

particularly pronounced in current smokers and exacerbation risk is highest in those 

with both low eosinophils and a low baseline exacerbation frequency 

 There is a higher risk of pneumonia hospitalisation in patients receiving ICS 

treatment in patients with a baseline eosinophil count <0.15 x10*9/L  

Eosinophil count can be used to predict risk-benefit of ICS treatment: at lower eosinophil 

levels (and especially <0.15 x10*9/L) there is a higher risk of exacerbations and 

pneumonia hospitalisation with ICS treatment. In this cohort, benefit of ICS treatment 

was only seen in those with baseline eosinophil counts ≥0.45 x10*9/L. ICS treatment 

should particularly be avoided in those with low eosinophil counts and low baseline 

exacerbation frequency, but could be considered in those with higher eosinophil counts 

in combination with other features such as exacerbations (as in GOLD guidelines198, see 

below). 

To investigate use of near-patient eosinophils compared to laboratory eosinophils, and 

feasibility and acceptability of undertaking such measurements in a primary care setting 

 There is high correlation between near-patient and laboratory eosinophil counts 

and substantial agreement using binary eosinophil thresholds  

 Participants who used the Hemocue® WBC-DIFF machine in the study setting found 

it acceptable, and in general preferred finger prick blood tests to laboratory blood 

tests and breathing tests  

 Near-patient testing is feasible to undertake in primary care 

Hemocue® WBC-DIFF machine could be used in practice to provide an eosinophil count 

result at the point of care, replacing the need for laboratory testing for this purpose, but 

requirements for training might limit its use. 



 

 Context of research in relation to published literature and 
guidelines 

A large body of evidence published during my doctoral project and discussed in individual 

chapters, is now part of clinical guidelines (international, national and local), which I 

summarise below. I then briefly discuss two other areas it would be remiss of me not to 

discuss as part of this thesis, to help place this research in the wider context: ICS withdrawal 

and non-pharmacological management of COPD. 

8.2.1 Current COPD guidelines 

New NICE guidelines were published in 2018,199 a long awaited update to the somewhat 

outdated 2010 guidelines,10 and incorporating some of the emerging evidence on blood 

eosinophils in COPD. These advocate considering LABA/ICS as initial treatment for those 

who have ‘asthmatic features/features suggesting steroid responsiveness’, which 

encompasses any previous, secure diagnosis of asthma or atopy, a higher blood eosinophil 

count, substantial variation in FEV1 over time, or substantial diurnal variation in peak 

expiratory flow. They make no suggestion of what eosinophil values might constitute ‘a 

higher blood eosinophil count’, which is not helpful for use in clinical practice by non-

specialists, particularly given that this refers to higher values within the normal laboratory 

range. They suggest stepping up treatment to triple therapy on a 3-month trial basis in 

those who have frequent exacerbations (defined as ≥2 in previous year, or ≥1 

hospitalisation), as the benefit of fewer exacerbations on ICS treatment would likely 

outweigh the increased risk of pneumonia.199 In my cohort there was no increased benefit 

of ICS treatment in those with asthma or atopy, acknowledging that these patients had an 

increased propensity to be prescribed ICS which may have created unmeasured 



 

confounding in this area. My concern is that these recommendations have very loose 

criteria for considering ICS treatment initiation, and, particularly if a low binary eosinophil 

count threshold were used alongside these guidelines, would lead to the majority of 

patients being considered for ICS as initial therapy and potentially coming to harm. 

The Australian COPD-X guidelines do not make a clear statement about use of eosinophil 

count, other than to say that there are ‘benefits [of ICS treatment] in some outcomes 

demonstrated in those with high eosinophil counts’ (>0.15 x10*9/L).200 The American 

Thoracic Society guidelines do not make a recommendation for or against ICS as an additive 

therapy in those with blood eosinophilia, except in those with a history of one of more 

exacerbations requiring treatment in the previous year. They defined blood eosinophilia as 

≥2% blood eosinophils or ≥0.15 x10*9/L.201 Again, given my findings of high prevalence of 

such ‘eosinophilia’ in primary care, this low threshold would result in the majority of 

patients with exacerbation history being prescribed ICS, but this was the group that I 

identified as being the most likely to benefit from ICS treatment in my exacerbation 

subgroup analysis (Table 6.6). 

New GOLD guidelines published in 2019198 added a new section appraising the evidence 

on use of blood eosinophils in COPD, which broadly fits with my appraisal of the literature 

and which my study findings also support, and so I will not repeat this in detail here. Based 

on this, they suggested algorithms both for initiation of pharmacological management, and 

follow-up treatment especially in exacerbation prevention. They recommended that as 

initial pharmacological treatment, ICS/LABA should be considered if the patient has both 



 

blood eosinophils ≥0.30 x10*9/L and GOLD stage Da. For follow-on treatment (regardless 

of GOLD stage), ICS should be added if the patient remains symptomatic and has blood 

eosinophils ≥0.30 x10*9/L OR ≥0.10 x10*9/L and frequent exacerbations.198 Here the 

higher eosinophil threshold of ≥0.30 x10*9/L, combined with an exacerbation history, for 

initiation of ICS treatment, fits best with my clinical recommendations based on my thesis 

findings, with a reduction in threshold only if frequent exacerbations occur despite 

alternative therapies. 

In recognition that it is hard for non-specialist primary care clinicians to use guidelines in 

parallel, the Primary Care Respiratory Society (PCRS) have produced a pragmatic guide to 

COPD management for use in primary care, which incorporates both NICE and GOLD 

guidelines. Their suggestions for management based on eosinophils more closely follow 

GOLD, but acknowledge that there is still some debate on the use of blood eosinophils to 

guide ICS use in COPD.202 

Local Oxfordshire Clinical Commissioning Group guidelines have recently been published 

on prescribing in COPD in primary care,203 and in my view demonstrate how the NICE 

guideline199 leaves the use of blood eosinophils in guiding treatment approaches 

worryingly open to individual interpretation. As in the NICE guideline, these guidelines 

divide patients into two groups based on those with asthmatic features/features 

suggesting steroid responsiveness (including ‘a higher blood eosinophil count’, as per NICE) 

in which case initial prescribing of ICS/LABA, or no such features, in which case 

LAMA/LABA. My concern with this guideline is that they have selected a very low 

                                                      
a GOLD Stage D is MRC breathlessness scale ≥2 or CAT score ≥10 AND frequent exacerbations (≥2 or ≥1 with 
hospitalisation, in the previous year). 



 

eosinophil threshold of 0.10 x10*9/L which  would result in the majority of primary care 

patients (95% and 80% in my CPRD and COMET studies respectively, see Section 4.2) being 

classified in the asthmatic category and being prescribed ICS/LABA as first-line 

maintenance treatment. My study findings indicate that this approach would expose many 

people to an increased risk of pneumonia and other poor outcomes with a very small 

chance of benefit in terms of reduction in exacerbations, if these guidelines were to be 

followed based on this threshold. I also did not demonstrate a consistent association 

between asthma and eosinophils in my primary care populations, so it might be overly 

simplistic to rely on one or the other. 

Asthma-COPD overlap (ACO) also deserves mention but has come in and out of fashion 

over the last few years. Guidelines were published in 2015, which define ACO as persistent 

airflow limitation with several features usually associated with asthma and several features 

usually associated with COPD.204 These have not been updated and there is now more of a 

consensus that airways disease is a spectrum from asthma to COPD with some overlapping 

features, and that we should identify these ‘treatable traits’ rather than attempt to put 

patients into one box or another,205 as I have been doing in this project by identifying ICS 

responsiveness on the basis of blood eosinophils. 

8.2.2 ICS withdrawal 

From my CPRD study, and the wider literature, we know that many patients are prescribed 

ICS treatment outside of guideline recommendations; and once a regular medication is 

started patients may continue on it indefinitely, which is why the new NICE guidelines 

recommend a trial of treatment with review after 3 months to assess benefit.199 It would 

follow that if blood eosinophils can be used to guide initiation of ICS treatment, they could 



 

also be used to identify candidates for withdrawal of ICS treatment. A detailed discussion 

of the evidence in this area is beyond the scope of this thesis, but increasing evidence is 

emerging that blood eosinophils can be used in this context. Post-hoc analyses of the 

WISDOMa trial found that eosinophil thresholds of 0.30 and 0.40 x10*9/L identified 

patients with more exacerbations after withdrawal of ICS,54 and this was greatest in those 

with ≥2 exacerbations per year.206 A prospective trial of ICS withdrawal (SUNSETb) also 

found greater lung function loss and higher exacerbation risk in those with blood 

eosinophils ≥0.30 x10*9/L at baseline.207 However, this has not been replicated in recent 

CPRD studies (both published208 and my own as yet unpublished work in this area (see 

Preface and Appendix A)). GOLD guidelines recommend that blood eosinophils ≥0.30 

x10*9/L be used to identify patients with the greatest likelihood of experiencing more 

exacerbations after ICS withdrawal,198 and a PCRS pragmatic guide for primary care 

recommends trialling ICS withdrawal if the patient has no asthma history or blood 

eosinophils <0.60 x10*9/L, or low exacerbation frequency AND blood eosinophils <0.40 

x10*9/L.209 

8.2.3 Non-pharmacological management in COPD 

In a thesis which focuses on the use of a biomarker to guide use of a pharmacological 

intervention, it would be easy to assume that finding the best inhaled therapy for an 

individual patient is the be all and end all of COPD management. However, there has been 

increasing recognition that non-pharmacological approaches, such as smoking cessation 

therapy, pulmonary rehabilitation, promotion of self-management, increasing uptake of 

                                                      
a WISDOM trial: Withdrawal of Inhaled Steroids during Optimized Bronchodilator Management. 
b SUNSET trial: Long-term triple therapy de-escalation to Indacaterol/Glycopyrronium in Patients with 
Chronic Obstructive Pulmonary Disease 



 

pneumococcal and influenza vaccinations and optimising treatment of co-morbidities (as 

set out in current guidelines),198,199 deliver the highest value in terms of patient benefit in 

relation to cost. However, provision of these therapies in clinical practice is frequently sub-

optimal, as summarised in Figure 8.1 reproduced from my recent editorial on this topic.210 

Although this does not change the conclusions of my thesis, I feel it is important to place 

my findings in the context of the bigger picture of COPD management challenges. 

Figure 8.1: COPD value pyramids 

 

a) The COPD value pyramid is a model designed to aid clinicians and providers to make value-based decisions 
for people and populations with COPD, through assessing the comparative value of interventions in terms of 
cost per individual per quality-adjusted life year (QALY). Reproduced with permission of the London 
Respiratory Network 2013.211 b) The equivalent value pyramid providing a representation of the proportion 
of people who were receiving value-based interventions for COPD in primary care in Wales in 2014–2015. 
Reproduced with permission from the National Asthma and COPD Audit Programme (NACAP), Royal College 
of Physicians.212 

 Strengths and limitations of overall thesis methods 

My findings substantially add to the evidence base in the area of blood eosinophils in COPD 

and are firmly rooted in a UK primary care population, making them uniquely applicable 

and useful for UK primary care practitioners. My CPRD study complements and extends 

what others have done but used different methods which were thorough and statistically 

rigorous, particularly in my attempts to account for flaws and potential data issues, 

including from my own clinical experiential knowledge of UK primary care. However, in 



 

doing this I have introduced fairly complex data management and analysis, which was both 

challenging and time-consuming, and there is an attractive simplicity to other studies 

which have done a more straightforward analysis comparing LABA/ICS with LAMA (rather 

than any ICS vs. non-ICS treatment), such as the Suissa study, even if this has potential 

biases.108 I excluded patients stepping up to triple therapy (as did other studies) so cannot 

firmly draw conclusions in relation to this group, only those initiating a new maintenance 

treatment. My findings in relation to the threshold at which ICS treatment benefit 

outweighs risk differed significantly from results from many trials, where this threshold 

was much lower, as discussed in detail in Section 6.8.3. These discrepancies in thresholds 

between findings from observational studies and randomised trials, and potential biases 

associated with observational study designs including confounding by indication, is why I 

have based my recommendation for ICS treatment as ≥0.30 x10*9/L, in combination with 

exacerbation history, as in GOLD guidelines,198 placing my research findings in the context 

of existing literature. Future database study work could include validating my findings in 

other primary care databases, for example using CPRD Aurum213 or the Secure Anonymised 

Information Linkage (SAIL)214 which provides data from primary care in Wales and would 

provide a different population. 

The COMET study is a novel cohort of primary care patients and provides the largest 

available dataset in this population on blood eosinophil repeatability and near-patient 

sampling. A major challenge of this study was to optimally characterise blood eosinophils 

at the point of stepping up or initiating a new inhaled maintenance treatment. In limiting 

eligibility in order to achieve this, the cohort does not truly represent the overall 

population, and is likely to have included patients whose COPD disease state would have 



 

remained mild and stable on short-acting bronchodilators alone for many years; and 

indeed this mild disease state is reflected in the baseline characteristics (Section 3.5). A 

longer duration of follow-up for the COMET study would have enabled me to assess 

outcomes such as exacerbation frequency in relation to baseline eosinophil count but 

would have unlikely been feasible within the timeframe of a doctoral project.  

A novel feature of my cohorts compared to others is the focus on the ICS-naïve population. 

Although the Kreindler study suggests that the effect of ICS on peripheral blood eosinophil 

counts is likely small enough on average not to affect patient stratification using cut-off 

values,215 others have suggested that this might be more important in those on higher 

doses of ICS, where the mean difference between groups was as much as 0.05 x10*9/L.216 

This difference is likely to be clinically relevant and means it is useful for me to have 

characterised the ICS-naïve population specifically. 

Another novel feature of my cohorts is that I have identified patients with co-morbidities 

of asthma or atopy which could affect the eosinophil count, or the ICS response, as 

discussed in Section 1.2.3, and conducted sensitivity and subgroup analyses to measure 

the contributions of these to my overall findings. In contrast to expectations, these co-

morbidities did not make a difference to eosinophil distribution or ICS responsiveness, 

potentially suggesting that using asthma history as a criterion for ICS initiation as in the 

NICE guidelines199 may be inappropriate. However, the requirement for my cohort to be 

ICS-naïve, at least in the last year, may have identified an unusual group of patients with 

‘asthma’ in their clinical records, and it is possible that those with co-morbidities may 

respond differently. That said, the inclusion of patients with co-morbidities is a key 



 

advantage of my primary care database study compared to restricted inclusion criteria 

trials in terms of future generalisability of findings. 

Part of the reason for the premise of my initial hypothesis was the relationship found 

between peripheral and lung eosinophils,1 and the earlier research on sputum eosinophils 

as a biomarker of both oral and inhaled corticosteroid responsiveness.3,4,7 Although I have 

clearly demonstrated that there is a subgroup of primary care COPD patients with higher 

blood eosinophils, the wider literature has become more conflicting about how well blood 

eosinophils represent lung eosinophils, with some studies showing no correlation132,217 and 

others a stronger relationship.156,218 It is possible that the association of blood eosinophils 

with ICS response is not just about eosinophil numbers but also about eosinophil 

function.219 The fact that trials of monoclonal antibody therapies have not been universally 

beneficial at reducing exacerbations in COPD patients with higher eosinophils220,221 

certainly suggests that the role of eosinophils in COPD is quite complicated, and this needs 

further basic science and clinical studies to better elucidate. Bacterial and viral infections 

are common in COPD, adding further complexity, with significant interplay with eosinophil 

immunobiology.35 However, for primary care management, it is more important to know 

how we can use blood eosinophils in a clinical setting, which is what I have demonstrated, 

and so detailed eosinophil biology is less relevant here. 

My findings for both the CPRD and COMET studies are likely generalisable to the whole 

primary care population in the UK (see Section 2.6.1 and 3.6.2) but may not be so 

generalisable globally, particularly where health systems differ. Nonetheless, similarities 

have been found in comparisons of the CPRD and the US population,222 and the discussion 



 

sections of each chapter comparing my findings with the wider literature draw on studies 

from across the globe. 

 Implications for practice, policy and further research 

I have divided these into the different components examined throughout the thesis. 

8.4.1 Routine testing of full blood count 

My CPRD study findings demonstrate that NICE guidelines which recommend routine 

testing of full blood count as part of diagnosis10 are probably not widely followed, and 

certainly regular testing of full blood count does not currently occur. Given that I have 

demonstrated that blood eosinophil counts in the routine primary care medical record 

could have an important role in guiding management of COPD, my recommendation is that 

full blood count be tested more frequently and minimum every two years so that this could 

be used to guide management. This recommendation could form part of future guidelines 

and opportunities for practice audit.  

My sensitivity analyses for eosinophil distribution, repeatability and ICS responsiveness 

indicate minimal difference when eosinophil values close to exacerbation events are 

included, so pragmatically these values can probably be used in practice. However, if full 

blood count were to be taken regularly as part of COPD annual review, it would reduce any 

uncertainty in this regard, as viral and bacterial infections can both increase and decrease 

eosinophil counts in COPD.223  

8.4.2 Eosinophil distribution 

My findings on eosinophil thresholds indicate that most COPD patients in primary care fall 

into a ‘medium’ category of eosinophils 0.15 to 0.34 x10*9/L. Given that there is a 



 

continuous dose-response relationship between blood eosinophils in terms of both 

outcomes and ICS responsiveness, the use of a binary threshold within this range seems 

somewhat arbitrary; and exactly where this threshold is placed within this range will make 

a large difference to how patients are categorised, and subsequent management decisions. 

However, basing decisions on a continuous scale is likely to be over-complicated for a non-

specialist primary care setting. Based on my findings, I would recommend the use of three 

categories: low (<0.15 x10*9/L), medium (0.15 to 0.33 x10*9/L) and high (≥0.34 x10*9/L), 

which could then be subsequently validated in future prospective studies. 

8.4.3 Eosinophil repeatability 

I have demonstrated good repeatability of eosinophils in repeated measures analyses, 

although this is reduced when using binary thresholds due the large number of patients in 

the ‘medium’ range, as described above. Sensitivity analyses of key analyses using the 

mean eosinophils, or the two or three most recent values, have not changed results. My 

suggestion is that pragmatically busy clinicians could look just at the last recorded 

eosinophil value in decision-making. However, repeatability is not perfect, and variability 

increases as eosinophil values increase, so where computer system features exist to easily 

glance at all previous results, it would be prudent to do this, or repeat the test, particularly 

for higher eosinophil values and  in younger, female smokers, although evidence is less 

clear on the latter point. Research elsewhere has suggested that where a repeat test is 

needed, it is done at least 14 days after the first.100 



 

8.4.4 Association of eosinophils with disease outcomes 

I found that the risk of disease outcomes was worse in the lowest eosinophil groups, but 

this does not fit with previous findings, which includes many studies with heterogeneous 

inclusion criteria and results, making it hard to draw firm conclusions. Differences may 

relate to different biology, as well as definitions, of exacerbations vs. pneumonia episodes, 

and confounding by ICS treatment makes research in this area difficult, such that further 

research is needed to better elucidate the relationships.163 Certainly, the relationship 

between blood eosinophils and prognosis is likely to be complicated, and presently there 

is no useful role for blood eosinophils in discussing prognosis or future exacerbation risk 

on an individual patient basis. 

8.4.5 Use of blood eosinophils to target ICS treatment 

My study findings, and the wider literature, demonstrate a clear dose-response 

relationship between increasing blood eosinophils and response to ICS therapy. This means 

that there are subgroups of patients who are more likely to benefit from ICS, and to whom 

it can be appropriately targeted. Other CPRD and post-hoc studies have demonstrated a 

benefit of ICS treatment at lower levels of blood eosinophils than in my study, and led to 

conclusions, and guideline recommendations that ICS benefit outweighs pneumonia risk at 

approximately 0.30 x10*9/L.108,198 I found that mortality from pneumonia appeared to be 

attenuated in patients with COPD, on ICS and with eosinophils above 0.15 x10*9/L, but 

whether ICS confers mortality benefit in this group of patients with COPD needs to be 

further explored. Certainly, recent studies have found that dual LAMA-LABA (not 

specifically examined in my CPRD study) is superior to LABA-ICS regardless of blood 

eosinophil level,56 and as effective in preventing exacerbations and with fewer severe 



 

pneumonias.224 Benefit of ICS-containing regimens is undoubtedly higher in those with a 

high exacerbation frequency, and smoking status certainly influences the relationship 

between ICS effect and blood eosinophil count, but the details and direction of this need 

to be further researched. 

My findings lead me to broadly support the recent GOLD guidelines that ICS should be 

considered in those with blood eosinophils ≥0.30 x10*9/L and frequent exacerbations.198 

However, integrating my own findings with the existing literature, I would recommend a 

more limited approach to ICS prescribing which advises against ICS treatment at low blood 

eosinophil levels (<0.15 x10*9/L), where there is a lower likelihood of treatment benefit, 

and potential harms; considers ICS treatment in the ‘high’ range ≥0.34 x10*9/L if frequent 

exacerbations; and only considers ICS treatment in the ‘medium’ range between these 

thresholds if there are both frequent exacerbations and a failure to respond to initial dual 

bronchodilator therapy. This more limited approach is likely to result in fewer patients 

being prescribed an ICS when the risk of harm may be greater than the chance of benefit. 

8.4.6 Near-patient testing 

I have demonstrated that the Hemocue® WBC-DIFF machine using capillary blood has an 

acceptable analytic performance when compared to laboratory eosinophil count using 

venous samples, and that the point-of-care test is acceptable to patients. 

It is economic and system factors which are likely to ultimately determine its uptake and 

use in the primary care setting. The economic and opportunity costs of having an 

actionable result at the point of care will need to be set against waiting time and requiring 

an additional appointment to discuss and act on a result obtained from central laboratory 



 

testing. Integration of the new test into routine clinical practice and addressing factors for 

implementation are important next steps.225 There needs to be further work incorporating 

reproducibility testing, and use of the machine by those who would ultimately be using it 

in practice,226 as well as addressing training aspects and scaling up delivery to multiple 

practices. Costs are a key concern for clinicians as a barrier to implementation of near-

patient testing in other disease areas such as HbA1c testing,197 so health economic analysis 

is essential, as well as in general doing further work to establish clinicians’ perspectives on 

use of the devices in practice. 

 Final conclusions 

Blood eosinophils represent a key therapeutic, if not prognostic, biomarker in the primary 

care management of COPD, and are feasible for use in a primary care setting. The future of 

primary care management of COPD is likely to involve integrating clinical features such as 

exacerbation frequency, and perhaps smoking status, with eosinophil count, to enable a 

more personalised approach to pharmacological management of COPD, which should be 

done in parallel with non-pharmacological treatment strategies. Near-patient testing of 

blood eosinophils is a potential avenue for the future to enable rapid decisions to be made 

within the community setting in a single clinic visit. Further future research could include 

an RCT of eosinophil-guided maintenance treatment in primary care with a long-term 

follow-up to assess disease outcomes, utilising the data collected in this thesis about 

eosinophil thresholds and repeatability. Such a study could incorporate qualitative and 

health economic assessments of both the change to patient pathway in terms of 

monitoring eosinophil count more closely, and potential implementation of near-patient 

testing in practice. 



 

Epilogue: A personal journey (continued) 

This thesis is wholly the product of my work, save where I have referred to the input or 

assistance of others. I devised, carried out and wrote up the studies comprised within it. 

More specifically, my work has included refining the research questions, developing the 

ideas for projects to answer the overall hypothesis, writing the funding proposal and 

obtaining the funding, writing the study protocols, ethics approvals, COMET study 

management and development of study materials and CRFs, most of practice and patient 

recruitment, some COMET study visits, some aspects of data management, statistical 

analysis, and writing up study findings. I have also had input from my supervisors in an 

advisory capacity for these components, most notably from statistics advisors (Emily 

McFadden, Margaret Smith and Jason Oke) in relation to analysis aspects. Key components 

performed by others include the data cleaning for the CPRD and part of the data 

management of this (done by Margaret Smith), conversion of COMET paper CRFs to the 

online CRF and management of this (CTU data management team), some of the trial 

administration and patient recruitment telephone calls (CTU trial managers while I was on 

maternity leave), and the majority of COMET study visits (CTU nursing team). 

During my time as a doctoral student, I have developed as a clinical academic and now feel 

more capable of leading independent research in future. In terms of specific learning 

outcomes I have achieved, these have been particularly in the areas of statistical analysis 

(particularly epidemiological methods, large data management and use of Stata), and set-

up/management of a multiple site study recruiting in primary care using the CTU, and the 

different personnel involved in this. Preparing the funding application was also the first 

time I had put together a large grant application as lead applicant, and was a useful 



 

experience of the detail required for this to be successful. I have attended formal courses 

in meta-analysis (1 day, University of Oxford), introductory and advanced analysis of linked 

health data (2 x 1 week, Swansea University), epidemiological analysis courses in logistic 

and linear regression, and rates and survival analysis (1 week and 2 days, University of 

Bristol) as well as undertaking software training courses run by the IT department on use 

of Stata, Endnote and Word (7 half days). 

With hindsight I was perhaps overly ambitious about what I could achieve within the scope 

of a doctoral project. However, I was able successfully to adapt during the course of the 

project both by making the changes to its scope explained in the preface (i.e. not 

undertaking a duplicative systematic review, and focusing specifically on blood eosinophils 

rather than other biomarkers) and by making use of the capacity of others to assist as 

explained above (and in particular with the CTU nursing team carrying out most study 

visits).  

I found the experience of working with the CTU for COMET useful and enjoyable. Despite 

having to overcome some administrative difficulties, I really benefitted from working with 

colleagues who brought huge expertise from their different multi-disciplinary 

backgrounds. This was particularly true of the respiratory background of the lead study 

nurse, Heather Rutter. I have also benefitted from working in a department where people 

bring different skills, and perhaps especially the expertise of the statistics team. For 

example, I have provided general clinical input into others’ studies whilst they have helped 

me with Stata coding. 

During the course of my doctoral studies substantial work has been done by others in the 

field of my research, with the result that my findings are now less novel than they would 



 

have been earlier. Although it was initially disappointing to receive notifications every 

week of similar studies being published, I have also seen the value of being able to reflect 

on my work in the context of other studies with different methods and different findings. 

In terms of future work, I plan to convert the studies discussed in this thesis into papers for 

submission to peer-reviewed journals. I plan to validate my CPRD study in the Secure 

Anonymised Information Linkage (SAIL) database in Wales, and also to conduct additional 

analysis of COMET to include the FeNO and periostin data. I would like to consider whether 

a biomarker-directed randomised controlled trial would be achievable and useful. 

Certainly, I would like to continue research broadly in the area of respiratory disease in 

primary care, and near-patient testing.  
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name, original title, device manufacturer, drug manufacturer, device trade name, 
keyword] 
18. (blood or serum).mp. [mp=title, abstract, heading word, drug trade name, original title, 
device manufacturer, drug manufacturer, device trade name, keyword] 
19. Breath Tests/ 
20. Nitric Oxide/ 
21. 19 and 20 
22. ((fraction adj3 exhaled adj3 nitric adj3 oxide) or feno or (fraction adj3 exhaled adj3 
no)).mp. [mp=title, abstract, heading word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, keyword] 
23. exp animals/ not humans.sh. 
24. 6 or 7 or 8 or 9 or 10 or 11 or 17 
25. 18 and 24 
26. 12 or 13 or 14 or 15 or 16 or 21 or 22 or 25 
27. 5 and 26 
28. 27 not 23 



 

Appendix C: CPRD study protocol 

Approved by Independent Scientific Advisory Committee (ISAC) June 2016. Appendix 

submitted to ISAC consisted entirely of code lists and is therefore not presented separately: 

see Appendix D for final code lists used. 

  



 

Appendix D: CPRD code lists 

  



 

Appendix E: COMET study protocol 

  



 

Appendix F: COMET Research Information 
Sheet for Practices (RISP) 

  



 

Appendix G: COMET Site Initiation Plan 

  



 

Appendix H: COMET electronic search 
guidance for practices 

  



 

Appendix I: COMET recruitment letter 

  



 

Appendix J: COMET Participant Information 
Sheet (PIS) 

N.B. Pages appear out of order because this was designed to be folded into an A5 booklet 

  



 

Appendix K: COMET Informed Consent Form 

  



 

Appendix L: COMET Case Report Forms (CRFs) 

CRFs formed the basis for the online CRF platform using OpenClinica. CRFs include: 

 Eligibility CRF 

 Baseline CRF 

 Visit 2 CRF (Visit 3 and 4 CRFs are the same as Visit 2 CRF and are therefore not 

duplicated here) 

 Blood Results CRF 

 Study Discontinuation CRF 

  



 

Appendix M: Respiratory questionnaires 

Respiratory questionnaires include: 

 COPD Assessment Test (CAT) 

 Clinical COPD Questionnaire (CCQ) 

  



 

Appendix N: COMET working instructions 

  



 

Appendix O: COMET participant survey 

N.B. Pages appear out of order because this was designed to be folded into an A5 booklet. 

The last page (‘Future research studies’) was perforated so that it could be removed and 

stored separately to other study information, as it contained personal identifiers. 

 


