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Abstract

The purpose of this thesis was to describe the rate of forced expiratory volume in 1 second (FEV:) decline
in COPD patients seen in primary care and investigate factors associated with the rate to help identify COPD

patients who might decline faster and who may benefit from interventions to slow the rate of FEV; decline.
The aims of this research were:

i To describe and explore the rate of FEV; decline in a primary care COPD population,

ii. To investigate the relationship between inhaled corticosteroids (ICS) and rate of FEV; decline
in a primary care COPD population, and

iii. To investigate the relationship between the rate of FEV; decline and future risk of CVD in a

primary care COPD population.

Firstly, other than increasing age, COPD patients who were current smokers, had low BMI, high mMRC
dyspnoea, low baseline FEV; percent predicted, and more frequent or severe AECOPD were more likely to
have accelerated FEV; decline. Secondly, a systematic review revealed that COPD patients enrolled in
randomised control trials (RCTs) treated with ICS had reduced rates of FEV; decline compared to patients
not treated with ICS over short follow-up periods. However, over longer follow-up periods the rate of FEV;
decline in patients in ICS and non-ICS trial arms were similar. In addition, using primary care data, COPD
patients who initiated ICS showed an increase in FEV;, notably in patients with high blood eosinophils,
compared to patients who were not prescribed ICS however, prevalent ICS users had a clinically similar rate
of FEV: decline compared to those not prescribed ICS, regardless of blood eosinophil level, echoing the
findings of the systematic review. Similarly, COPD patients who withdrew from ICS (from triple therapy)
showed a similar mean rate of FEV1 decline compared to patients who remained on triple therapy. Thirdly,
the rate of FEV: decline, including accelerated FEV: decline, was not associated with future risk of CVD

disease and mortality in CVD naive COPD patients.

These results suggest that rate of FEV; decline is heterogeneous and both patient related and disease
related characteristics should be monitored to identify COPD patients with faster disease progression
earlier. Whilst these patients may not have an increased risk of CVD, it is still important to identify these
patients to intervene with better treatments or other possible interventions to reduce the risk of all-cause
mortality and other potential morbidities. ICS treatment is a common intervention used to slow the
progression of COPD however, results suggest that its long-term use does not significantly slow down the
rate of FEV; decline compared to non-ICS medications, but initiation of ICS treatment does improve FEV;
in the short-term. Proactive identification of fast FEV: decliners and the implementation of effective

interventions in COPD patients by primary care providers may help to improve patient outcomes.
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Chapter 1
Background

This chapter defines Chronic Obstructive Pulmonary Disease (COPD) and forced expiratory volume in 1

second (FEV:1), summarises the epidemiological literature to date on rate of FEV; decline in COPD and
introduces the use of electronic healthcare records and their importance in epidemiological research. The

chapter will also contain a description of the rationale, aims, and objectives of this thesis.
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1.1. Chronic Obstructive Pulmonary Disease

COPD is a term used to define a group of lung diseases including emphysema and chronic bronchitis, which
develop due to chronic systemic inflammation from toxic particles such as cigarette smoke as well as
occupational and environmental factors [1]. COPD is characterised by the obstruction of airways which is
progressive and not fully reversible. The increased systemic inflammation can cause increased thickening
of bronchiolar walls, increased mucus secretion, and destruction of alveolar walls leading to the narrowing
of small airways and increased air trapping in the lungs [2]. Those with COPD often develop symptoms

such as breathlessness, a chronic cough, and persistent wheeze.
1.1.1. Epidemiology of COPD

Globally, in 2019 COPD was the 4" leading cause of disability adjusted life years in people over the age of
50 [3]. In 2016, the Global Burden of Disease Study estimated that prevalence of COPD was over 250
million cases and approximately 3.2 million people die from COPD annually worldwide [4]. Smoking is the
main cause of COPD [5]. It is estimated that approximately 75% of people with COPD have a history of
smoking and 80% of COPD related deaths are due to smoking [6]. Other causes of COPD include
occupational exposures to dust and chemicals, air pollution, and indoor pollution from biomass fuels
which is common in low-income countries [7]. These exposures can lead to the development of COPD in
people who have never smoked [7]. Further risk factors such as genetics, age, gender, and presence of

comorbidities are also associated with the risk of developing COPD [8].

In the UK, it is estimated that 1.2 million people have COPD and approximately 115,000 people are
diagnosed each year [9]. It is thought that there are many more people living with COPD in the UK who
have not been diagnosed, often referred to as the “missing millions” [10]. In the UK, mortality rates in
people with COPD has remained high, unlike similar countries where mortality rates have decreased [4,
11]. Overall, the prevalence of COPD in the UK is higher in men and in older people, and varies by region
and socio-economic status, with a higher prevalence in northern regions and more economically deprived

individuals [9].
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1.1.2. COPD progression

COPD is a heterogeneous disease, with groups of clinical, pathophysiological, and demographic
characteristics considered to be important in describing the natural history of disease. These may be
useful in describing distinct phenotypes, targeting therapies, or predicting risk. It is common for COPD
phenotypes to vary by symptom burden, frequency and severity of exacerbations of COPD (AECOPD),
presence of comorbidities, and rate of lung function decline [12, 13]. For example, one study found that
just over one third of people with airflow obstruction did not report any respiratory symptoms whilst the
remaining population with airflow obstruction reported chronic cough and sputum production [14]. In
addition, some patients may experience no AECOPD whilst others may experience multiple within one
year. A previous study that investigated the frequency of AECOPD in the UK found that approximately 40%
of patients did not exacerbate within a given year and 26% did not exacerbate over a 10 year follow-up

period [12].

Comorbidities in people with COPD is common, notably in late disease progression. Cardiovascular disease
(CVD) is the most common comorbidity in people with COPD and other common comorbidities include
lung cancer, anxiety and depression, and obesity [15]. Patient related outcomes and COPD progression
may vary between patients with differing comorbidities. Similarly, the rate at which lung function declines
can also vary by COPD patients, contributing to the heterogeneity of COPD progression and the wide

distribution of potential phenotypes within COPD [16, 17]. This will be discussed further in section 1.2.
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1.2. Forced expirato

ry volume in one second in COPD

FEV1 measures the amount of air that can be exhaled in a forced breath in 1 second. Specifically, FEV; is

used to assess lung function and is measured using a spirometer device that measures the volume of

expired air. FEV; naturally varies across the life course and across individuals. FEV; increases with age and

reaches its peak in young adulthood. Thereafter, FEV; naturally declines with age (see Figure 1.1). After

puberty men generally have larger values of FEV; compared to women due to a larger thorax and similarly,

taller individuals are more likely

F

0.5

to have larger lungs and increased FEV; [18].

Normal values for
VC, FEV1 and FEV 25-75%

- f —— FVC (L)

! - ===- FEV1{L)
.......... FEF 25-T5% (L/s)

0 10 20 30 40 S0 &0 70 80

Age (years)

Figure 1.1: Normal lung function with age. Reproduced from [19].
Note: Figure illustrates changes in FEV; with age, as well as change in forced vital capacity (FVC) and forced expiratory flow
(FEF). See Appendix 1 for all copyrights and approved permissions for use of figures in this thesis.
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Studies have found that COPD can develop in individuals who reach a normal peak FEV: in young
adulthood but who have an accelerated decline in FEV; in adulthood. In addition, patients who reach a

lower than normal peak FEV: but who have a relatively normal decline in FEV; in adulthood are also more

at risk of developing COPD (figure 1.2)[20].

FEV, in percent of predicted
maximally attained value

100% =
..
-
80% = :'
-
-
L 1 71.5%
:‘ - AR No
60% — = 0 COPD
i \ : 16.9%
e eite..  TR3: 5.5%
40% - i COPD
. TR4: 6.1%
. g5
.: . TR1: Normal
20% — P .-' TR2: Small lungs but no COPD
‘0. o = TR3: Normal initial FEV, with rapid decline leading to COPD
"_. * = TR4: Small lungs leading to COPD
..
T T T T T T Age (years)
40 50 60 70

0% T
0 10 20 30
Age range under
I € observation > I

Figure 1.2: FEV; trajectories and COPD. Reproduced from [20].

1.2.1. Diagnosis of COPD in the UK
In primary care practices across the UK, FEV; is used in part to make a diagnosis of COPD. Following the

National Institute for Health and Care Excellence (NICE) guidelines, a suspected diagnosis of COPD should
be considered in people who are over the age of 35 who have a risk factor for COPD (such as a history of
smoking), have at least one COPD-related symptom (breathlessness, chronic cough, sputum production,
wheeze, or seasonal bronchitis), and who have confirmed airflow obstruction [21]. Airflow obstruction is
defined as a post-bronchodilator FEV:/FVC (forced vital capacity)<0.7. Thereafter, the severity of airflow
obstruction can be assessed periodically using FEV; percent predicted, which is calculated using FEV, age

and sex following the Global Initiative for Chronic Obstructive Lung Disease (GOLD) and NICE 2010
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guidelines [22] (table 1.1). More recently, the 2017 GOLD guidelines additionally request symptom burden

and frequency of AECOPD to assess severity of COPD [1].

Table 1.1: GOLD 2011 grades to describe COPD severity using FEV.

GOLD severity grade FEV; predicted

Mild 280%
Moderate 50-80%
Severe 30-50%
Very severe <30%
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1.3. FEV; decline in COPD

FEV1 naturally declines with age in COPD patients however, in 1977 Fletcher and Peto found that the rate
of FEV; decline from adulthood was more rapid in individuals with airflow obstruction and in those who
smoked using a cohort of working class men in London [23]. Additionally, those who stopped smoking had
a slower FEV; decline than those who continued smoking however, those who stopped smoking never
fully recovered the FEV; that was lost (Figure 1.3). Overall, this landmark study suggested that FEV; may
decline at a faster rate in those with COPD than those without COPD as well as in COPD patients who

smoked compared to those who stopped smoking.

Never smoked

100 - or not
susceptible
%) to smoke
™~
o 754
o
©
v ~
= < Smoked . __ Stopped
g =0 reqularly and S<at4s
‘S 4 A susceptible to B T
= Disability its effects ~
| meeeees e m e e e g ———— -
o -
e ED ~— Stoppedat b5
=5 Death \\1'-
T L s e s b i
o] v . . . T - - . .
50 75

Age (years)

Figure 1.3: Observed FEV; decline in men by airflow obstruction (i.e., smoking susceptibility) and smoking status. Reproduced
from [23].
Note: Susceptible to smoke was defined as having airflow obstruction in this study.

1.3.1. Heterogeneity of rate of FEV1 decline

Since then, studies have found that the rate of FEV1 decline, even within COPD patients, is variable. A
recent systematic review of randomised control trials (RCTs) that investigated rate of FEV; decline by
medications found that the rate of FEV; decline fell between -42 ml/year and -59 ml/year in patients in
placebo arms [24]. Specifically, the Understanding Potential Long-term Impacts on Function with

Tiotropium trial (UPLIFT) reported a mean decline of -45.0 ml/year, the Study to Understand Mortality
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and Morbidity in COPD trial (SUMMIT) reported a mean decline of -46.0 ml/year, and the Inhaled Steroids

in Obstructive Lung Disease in Europe (ISOLDE) trial reported a mean decline of -59.0 ml/year [25-27].

Observational studies generally report an attenuated mean rate of FEV; decline compared to those seen
in RCTs. For example, the Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints
(ECLIPSE) study reported a mean FEV; decline of -33.2 ml/year in COPD patients aged 40 to 75 with a
history of smoking [17]. In addition, the body mass index, degree of airflow obstruction and dyspnoea,
and exercise capacity (BODE) study found that 82% of 751 COPD patients had a non-significant mean
decline of -28 ml/year (not significantly different from no decline) and further observational studies have
found rates of decline ranging from -12.6 ml/year to -27 ml/year in people with COPD [28-30]. Differences
in rate of FEV; decline reported in RCTs and observational studies is likely to differ due to differences in
participant inclusion criteria and study designs. For example, it is common for RCTs to include patients
with few or no comorbidities but with more severe COPD [31]. The differences in rates of FEV; decline

seen within different types of studies suggests variation in the rate of decline exists in people with COPD.

Vestbo and colleagues investigated the variation in rate of FEV; decline in a COPD population who were
enrolled in the ECLIPSE observational study. Patients were required to have spirometry confirmed COPD
and have a history of smoking. The authors found that the mean rate of FEV; decline was -33.2 ml/year
however, significant variation in the rate of change was observed as illustrated by the authors in Figure
1.4. In this study, 38% of participants had a mean FEV; decline greater than -40 ml/year, 31% have an FEV;
decline between -21 ml/year and -40 ml/year, 23% had a change in FEV; between -21 ml/year and an
increase of +20 ml/year, and 8% increased more than +20 ml/year [17]. This suggests that factors, such as
patient characteristics, may influence an individual’s rate of FEV; decline leading to a variation in FEV;

decline within COPD patients.
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Figure 1.4: Distribution of the rate of change in FEV; in COPD patients enrolled in the ECLIPSE study. Reproduced from [16].

1.3.2. Known risk factors associated with FEV; decline in COPD

Much of the evidence for understanding patient related factors that are associated with an increased or
decreased rate in FEV; decline comes from RCTs. The UPLIFT study found that a single moderate or severe
AECOPD was associated with an increased rate in FEV; decline in patients with COPD when compared to
patients’ previous rate of FEV; decline, which was not seen in patients who did not experience any
AECOPD [32]. Donaldson and colleagues found that patients with frequent AECOPD (defined as greater
than approximately 3 per year) had faster rates of FEV; decline compared to those with infrequent

AECOPD frequencies (-40.1 ml/year vs -32.1 ml/year, respectively) [33].

While FEV; decline is faster in frequent exacerbators, some COPD patients have more rapid FEV; decline
irrespective of exacerbations, suggesting that other characteristics are important too. These individuals
tend to have mild to moderate disease, be current smokers and have a more emphysematous phenotype
[17]. Other studies have found that low body mass index (BMlI) is associated with faster decline in FEV; in

COPD patients, as is COPD disease severity [34-36]. Specifically, mild COPD disease has been associated
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with accelerated decline in absolute FEV:1 which is explained by the amount of baseline lung function

patients initially have [36].
1.3.3. Treatment of COPD and change in FEV;

Treatment is one of the factors whose association with FEV; has been most studied in the literature.
Common COPD maintenance treatments include the use of short and long-acting bronchodilators and
inhaled corticosteroids (ICS). Specifically, bronchodilators used to treat COPD include short and long-
acting beta agonist bronchodilators (SABA and LABAs) and short and long-acting muscarinic antagonists
(SAMA and LAMAs). Figure 1.5 describes the pathway for COPD maintenance therapy recommended by
2018 NICE and 2020 European Respiratory Society (ERS) guidelines [21, 37]. COPD patients are prescribed
SAMA and SABA to alleviate breathlessness which can be used alongside long-acting bronchodilator
therapies. If patients remain breathless or experience AECOPDs then LABA/ICS or LABA/LAMA should be
prescribed depending on if patients are responsive to steroids or not. Asthmatic features suggesting
steroid responsiveness can include a previous diagnosis of asthma and higher blood eosinophil levels [21].
If patients remain symptomatic on LABA/ICS or LABA/LAMA or experience at least two AECOPDs requiring
oral corticosteroids and antibiotics, or an AECOPD requiring hospitalisation, patients should be prescribed
triple therapy (LABA/LAMA/ICS). The addition of ICS to COPD therapy has been shown to reduce rate of
FEV: decline compared to placebo or long-acting bronchodilator medication in many RCTs [38, 39]. More
recent studies suggest that patients with higher blood eosinophils (greater than 2% of total white blood

cell count) may be more responsive to ICS in term of change in FEV, [40].
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Figure 1.5: Summary of COPD therapy recommendations.
Note: *Frequent AECOPD defined as >2 in one year, *ICS withdrawal recommended for low dose ICS or switch to low dose ICS at
the first instance if patients are on high dose ICS prior to complete ICS withdrawal.

Despite the benefits of using ICS, ICS has also been associated with increased risk of pneumonia and
efforts have been made to understand the effects of withdrawal of ICS in COPD patients [41]. The
Withdrawal of Inhaled Steroids during Optimised Bronchodilator Management (WISDOM) trial assessed
the association between withdrawal of ICS in COPD patients on triple therapy and various outcomes
including rate of FEV; decline. Patients who withdrew from ICS had a significantly faster annual decline in
FEV:compared to patients who did not withdraw from ICS [42]. It is important to note that the WISDOM
population has specific inclusion and exclusion criteria including no AECOPD 6 weeks prior to
randomisation and FEV; less than 50% predicted. Whilst change in FEV; differed between WISDOM’'s two
trial arms, other findings such as no difference in AECOPD rate led to new ERS guidelines that state that
ICS should be withdrawn if patients do not have a history of frequent AECOPD and if patients have blood

eosinophils less than 300cells/ul [37].
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Despite the large amount of evidence around COPD treatment and the rate of FEV; decline, it is important
to note that RCTs commonly exclude patients based on age, comorbidities, severity of disease, and often
have shorter follow-up periods (of one year or less) [43]. One study found that as little as 2.3% to 46.7%
of COPD patients in a French cohort would have met the eligibility criteria for 16 possible RCTs that aimed
to investigate treatment on reducing AECOPD (mean eligibility rate 16.5% [95% confident interval (Cl) 9.2
—23.7]) [44]. In addition, one study compared the presence of comorbidities in patients recruited to 116
different RCTs compared to people with similar conditions in a general population of people in Wales.
Results suggested that people in COPD related trials had approximately half the number of comorbidities

than people with COPD in the community [31].

COPD clinical guidelines are largely informed by RCT results, but we do not know if findings, specifically
related to lung function decline, apply to large patient populations not studied in trials. While RCTs will
continue to be the gold standard for assessing the efficacy of medical interventions, they are expensive
to conduct, and for practical and ethical reasons usually involve testing treatments in patient populations,
and within contexts, which are sometimes very different to real life. For example, the patients that are
most commonly seen in COPD outpatient clinics are those that would be excluded from clinical trials due
to their comorbidities. As patient populations with chronic diseases such as COPD become more complex,
the studies used to generate clinical evidence should reflect this by either running large scale open label
pragmatic trials (such as the Salford Lung Study) or by extrapolating RCT findings to other COPD
populations. However, large pragmatic trials can be very costly and time consuming, and therefore the
use of observational data, specifically routinely collected data, is vital in understanding whether many
outcomes seen in RCTs are also seen in routine practice [45]. In fact, national drug licensing authorities
are now demanding better real-world evidence on which to make decisions. They have introduced
legislation mandating studies of both effectiveness and risk to be conducted in routine clinical care rather
than the narrow and optimal confines of most RCTs. However, the use of these studies to estimate

treatment effectiveness is in its infancy [46, 47].
1.3.4. Importance of rate of FEV; decline in COPD

The rate at which FEV; declines in COPD patients is important because of the association between low
FEV: and increased morbidity and mortality, not only in COPD populations but also in the general
population [48-51]. Previous studies have reported an increased risk of death in people whose FEV; was
faster than 50 ml/year, while other studies reported an increased risk of death in people whose FEV; was

faster than 171 ml/year (the fastest quartile of decline) [34, 52]. Ultimately, the faster the rate of FEV;
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decline, the sooner the patient will reach a low FEV1. Not only is low FEV; associated with increased risk
of mortality and morbidity, but it is also associated with increased use of healthcare utilisation such as
hospitalisations [53, 54]. In addition, patients with low FEV; have a greater risk of comorbidities and
poorer prognosis, which also contributes to increased use of healthcare services [55]. Reducing the rate

at which FEV; declines in COPD is important to improve these outcomes.

Interventions are needed to help reduce the rate of FEV; decline however, these are limited. As described
in the previous section, treatments are used to relieve COPD related symptoms and improve lung function
however, the extent to which treatments, notably ICS, improve lung function or slows down FEV; decline
is not completely clear as much of the evidence originates from subpopulations of COPD patients recruited
in RCTs. Therefore, it is important to investigate factors associated with FEV; decline to better identify
COPD patients who might progress faster and target these people with better interventions, in addition
to medications. For example, more effective smoking cessation programmes and better healthy lifestyle

advice such as optimised weight management programmes for people with COPD.
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1.4. Cardiovascular disease and COPD and rate of FEV; decline

One of the most prevalent comorbidities in COPD patients is CVD [56]. CVD defines a group of diseases
that affect the heart and blood vessels [57]. The prevalence of CVD in COPD patients lies between 14% to
33% and 25-30% of COPD patients have CVD related causes as their underlying cause of death from death
certificates [8, 58, 59]. Patients with COPD and CVD share common risk factors including aging and
smoking [60, 61]. Patients who smoke are exposed to toxic particles that can cause increase systemic
inflammation that characterises both COPD and CVD [62, 63]. It is not fully understood how COPD and
CVD are linked beyond their shared risk factors however, mechanisms such as hypoxia and oxidative stress

may be involved [56, 60]. Figure 1.6 illustrates the relationship between COPD and CVD in more detail.

As with COPD, studies have shown that people with low lung function or increased airflow obstruction are
more likely to develop CVD. Specifically, low FEV;, FVC, and FEV:/FVC ratio have all been associated with
an increased risk of developing CVD as well as an increased risk of hospitalization from CVD and CVD

mortality in both the general population and in COPD patients [64-70].
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Figure 1.6: Pathophysiological mechanisms between COPD and CVD. Reproduced from [56]
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Several factors have been found to be associated with the rate of change in lung function in COPD patients
including frequency and severity of acute AECOPD, smoking, and medication use [32, 33, 38, 71-73]
however, little is known about the association between the rate of FEV; decline and CVD in COPD patients.
Recently, the Atherosclerosis Risk in Communities (ARIC) study found that people who had accelerated
FEV:1 decline had an increased risk of hospitalisation and death from heart failure and stroke [74]. The
ARIC study is an observational study of a general population of people who live in America and to date,
no studies have investigated the association between rate of FEV; decline and risk of CVD outcomes and

mortality in patients with COPD, who are already at greater risk of CVD than the general population [56].
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1.5. Electronic healthcare records

Electronic healthcare record (EHR) databases routinely collect and store healthcare data electronically.
EHRs can exist in various forms and can contain data on routine processes in primary and secondary care,
including information on prescriptions, procedures, and disease diagnoses. Examples of different types
of EHR databases include primary and secondary care databases, medical insurance claims databases, and
mortality databases. Other types of medical databases include more specific disease registries, for
example the cancer registry in the UK. The way in which information is contained and coded in EHR and
registries differs. One of the original purposes, certainly in the UK, was to store medical information

digitally but EHRs are increasingly being used for research and population-based studies globally [75].

The strengths of EHR includes larger sample sizes and detailed coverage of the general population. EHR
also allow for the identification of patients with disease, who are not necessarily studied in RCTs, whose
data is captured in every day clinical practice. Therefore, results from studies using EHRs can be more
generalisable to wider populations that populations used in RCTs, which makes EHRs increasingly useful
to epidemiological research. EHRs can also be linked to additional databases which allows for more in-
depth patient related information to allow for a more complete investigation and a wide breadth of study

variables [75].

However, unlike databases that prospectively record data of a specific population, the original purpose of
data collection in EHRs is not for research. For this reason, EHRs may include missing or inaccurately
recorded data. Unlike EHRs, data for epidemiological studies are collected with an overarching research
qguestion in mind and data collection is as standardised as possible across all study participants.
Participants may be actively followed-up with regular in-person appointments by healthcare technicians
as part of longitudinal or cohort studies. EHRs, on the other hand, may contain data that is inaccurately
recorded or missing because the purpose of EHRs is not primarily for research. For example, data (such as
smoking status) that was once recorded may not be updated at a later date in the patient’s medical

history.

One controversy of the use of EHR is that data should be used for the purpose that it is collected, as stated
by Van der Leir’s 1% law of medical informatics [76]. It argues that data can be misinterpreted outside the
context in which it was collected. This is largely due to issues with data quality such as lack of precise data
recording, including potential recall bias and bias from selection of specific information that clinicians

think is important. In addition, it is also important to understand why variables are recorded in EHRs as
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there may be underlying reasons why data are or are not recorded in specific people, which can potentially
lead to selection bias. For example, a clinician may request a blood test if patients are unwell and therefore
patients with a recorded blood test in their EHR may differ from those who do not have a recorded blood
test, even in patients with the same disease. A previous study investigated the relationship between
having a record of a white blood cell (WBC) count test and three-year survival in patients who were
hospitalised in America [77]. Authors found that patients with a WBC count had increased odds of
mortality by 45% compared to patients who did not have a WBC count test recorded. It is crucial that

researchers understand these healthcare processes and how they may affect studies using EHR.

Despite these limitations, there are incentives in place, for some EHR databases, to encourage more
complete data recording such as the Quality and Outcome Framework (QOF) indicators used in primary
care. If specific indicators related to the management of patients with chronic conditions, management
of public health concerns, and providing of preventative measures related to disease within GP practices
are met, GP practices are compensated financially [78]. There are also researcher level methods that can
be used to ensure the quality of EHR data is high. One way is to use validated algorithms to identify specific
healthcare processes such as diagnoses of conditions. It is good practice to use such algorithms because
recorded events would have been validated against any additional clinical information supplied by the
source provider and cross checked by trained healthcare practitioners who have specialised knowledge

of the disease or event of interest.

There is a wide range of EHRs that exist on an international level that are utilised for research. For
example, the Medicare and Medicaid databases in North America are insurance claims databases that
contain information on national insurance programmes for elderly people, people living with disabilities,
and people with low income. Despite large sample sizes and detailed information on factors such as
medications, these databases do not contain information on lifestyle factors that are important when
investigating COPD [79, 80]. In Europe, the Danish National Patient Registry contains information on
secondary care events including inpatient and outpatient hospital appointments and accident and
emergency (A&E) visits [81]. Whilst secondary care information is essential when investigating routine
practice in COPD, the use of secondary care databases only will lead to the inclusion of more severe

patients and events.

In the UK, there are some commonly used EHR databases such as The Health Improvement Network
(THIN) and CPRD. These are similar databases and contain information on clinical information in primary

care however, they vary in sample size and the possibility to link to other databases. Hospital Episode
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Statistics (HES) is a secondary care database that is available for England and is the largest secondary care
databases in the UK. HES contains detailed information on inpatient hospital admissions, outpatient

appointments, and A&E visits.

In this thesis, CPRD data was used and was linked to HES data. CPRD contains detailed information on
clinical diagnoses, tests, prescriptions, and lifestyle factors such as smoking status, all of which are
important when investigating factors associated with lung function in COPD patients. The addition of HES
allows for more detailed variables with varying degrees of severity. These databases will be described in

further detail in Chapter 3.
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1.6. Rationale

Low FEV; in COPD is associated with increased risk of mortality, morbidity and consequently, increased
healthcare utilisation and costs to healthcare services. Therefore, the rate at which a patient’s FEV;
declines is important to identify patients with accelerated FEV; decline and who might benefit from
interventions to minimise further outcomes. Much of the research to date on lung function decline in
COPD has been conducted in RCTs and shows varying estimates of rate of FEV; decline. This suggests that
different patient populations may decline at different rates, which is important to investigate to improve

clinical care and management of COPD patients.

The main limitation of previous work investigating factors associated with rate of FEV; decline is that the
COPD populations used were not representative of all COPD patients within the community. Therefore,
little is known about the rate of FEV; decline and factors associated with it in a population of COPD
patients who are routinely seen in primary care. It is important to understand what factors may be
associated with faster decline in COPD patients so that healthcare practitioners can identify patients who
will demonstrate faster COPD progression early in their disease course and target them with appropriate
interventions. In addition, little is known about how the rate of FEV; decline in COPD patients could be
associated with future comorbidity. Specifically, | will focus on CVD as it is the most common comorbidity
in COPD and has a significant impact on mortality and healthcare costs in the UK [56, 59]. Accelerated
FEV: decline has been associated with risk of CVD in a general population of America but no studies have
looked at this relationship in COPD patients specifically. Overall, this thesis aims to fully investigate
changes in FEV,, factors that are associated with the decline, and how the decline itself may be associated
with future comorbidity. This will help to better understand lung function and identify ways in which to
manage COPD more effectively in patients who are seen in everyday clinical practice; a population who

are rarely studied.
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1.7. Aims and objectives

The overarching aim of this thesis is to describe the rate of FEV: decline in a primary care population of
COPD patients and investigate the association between patient related factors and rate of FEV: decline.
Specifically, | will describe the rate of FEV: decline in this population and investigate how patient
characteristics, comorbidities, and ICS use are associated with the rate of FEV; decline. This thesis includes
three overarching aims with more specific sub aims, all of which contribute to investigating the rate of
FEV: decline in COPD patients in primary care and factors associated with the rate of decline in this

population. Figure 1.7 illustrates the structure of aims and corresponding chapters within this thesis.

1.7.1. Aim 1: Describe and explore the rate of FEV1 decline in a primary care population of

COPD patients.
Aim 1.1: Investigate the recording of FEV; in CPRD and ways to define longitudinal change in FEV;.

The first part of aim one is to investigate the recording of FEV;in CPRD and ways to define longitudinal
change in FEV1. Spirometry has been validated in CPRD however, there is no validated definition for the
longitudinal change in FEV; in CPRD. Spirometry recordings in RCTs and prospective cohort studies are
usually measured at specific times and uniformly across COPD patients however, measurements recorded
in EHR can be more sporadic. Measurements are often taken at varying times and for various reasons by
healthcare practitioners. For this reason, it is important to understand longitudinal spirometry
measurements in CPRD and how they can be used to accurately define longitudinal change in FEV;.

Methods developed will be used to define rate of FEV; decline in CPRD for the later chapters.

Aim 1.2: Describe the rate of FEV; decline in a primary care COPD population and investigate patient

characteristics that are associated with the decline.

The second part of aim one is to describe the rate of FEV; decline in primary care COPD patients and
understand baseline characteristics associated with accelerated decline. Rate of FEV; decline in COPD
patients has primarily been described in RCTs or in COPD populations with specific inclusion criteria. Rate
of FEV; decline has not been described in a more generalisable population of COPD patients in terms of

patient characteristics, symptom burden, and presence of comorbidities.
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1.7.2. Aim 2: Investigate the relationship between ICS and rate of FEV1 decline in a primary

care population of COPD patients.

Aim 2.1: Conduct a systematic review of the association between inhaled corticosteroid use and rate of

FEV; decline in COPD.

Clinical guidelines on the use of ICS in COPD patients are based on findings from RCTs that have shown
that ICS use is associated with reduced rate of FEV; decline however, these studies are often short in
follow-up and are not generalisable to the wider population of COPD patients. The first part of this aim is
to conduct a systematic review to understand the relationship between any ICS-containing medications
compared to any non-ICS-containing medication comparators to better understand this relationship in

more generalisable COPD patients.
Aim 2.2: Investigate the relationship between ICS use, eosinophil counts, and rate of FEV; decline.

Previous studies have found that ICS use is associated with slower decline in FEV; as seen primarily in RCTs
[39]. Due to the potential risk of pneumonia associated with ICS use, the use of biomarkers to guide the
use of ICS is needed and blood eosinophils have been shown to modify the relationship between ICS and
FEV: decline however, no observational studies have investigated this relationship in generalisable COPD

patients.
Aim 2.3: Investigate the relationship between withdrawal of ICS and rate of FEV; decline.

ERS guidelines now recommend withdrawing ICS from patients on triple therapy if patients do not
exacerbate and have low blood eosinophil levels. These guidelines are based primarily on findings from
the WISDOM trial, that had specific inclusion and exclusion criteria. The relationship between ICS
withdrawal has not been investigated in a generalisable population of COPD patients or in patients with

comorbidities who are commonly seen in clinical practice.

1.7.3. Aim 3: Investigate the relationship between the rate of FEV1 decline and future risk of

CVD.

The third aim is to investigate the potential association between rate of FEV; decline and future risk of
CVD in a primary care population of COPD patients. Recently, rate of FEV: decline has been associated

with increased risk of CVD in a general population from the ARIC study. No studies have investigated this
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association in a COPD population, and it is important to know whether the rate at which FEV; declines is
associated with the risk of developing further comorbidities specifically CVD, a common comorbidity of

COPD.

39



Invetsigating factors associated with rate of FEV, decline in a primary care

Aim1l
Describe and explore the rate of FEV,
decline in a primary care COPD population

Aim1.1
Investigate the recording of FEV1in CPRD
and ways to define longitudinal change in
FEV1

Aim1l.2
Describe the rate of FEV1 decline and
investigate patient characteristics that are
associated with the decline

COPD population

Aim 2
Investigate the relationship between ICS
and rate of FEV, decline in a primary care
population of COPD patients

Aim2.1
Systematic review of ICS and FEV1 decline

Aim2.2
Investigate relationship between ICS use,
blood eosinophil level, and rate of FEV1
decline

Aim 3
Investigate the relationship between the
rate of FEV, decline and future risk of CVD

Aim 2.3
Investigate relationship between IC5
withdrawal and rate of FEV1 decline
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Chapter 2
Inhaled corticosteroids and FEV; decline
in chronic obstructive pulmonary
disease: a systematic review

In the UK, ICS are prescribed to COPD patients (in combination with bronchodilators) if patients are
symptomatic or experience AECOPD however, these guidelines are largely based off RCTs that have specific
inclusion and exclusion criteria and can have a short follow-up of one year or less. ICS use has been
associated with anincreased risk of pneumonia and it is therefore important to understand the relationship
between ICS and rate of FEV; decline over longer follow-ups and in different types of studies. Previous
systematic reviews have included specific ICS and non-ICS comparators and no studies have reviewed the
literature on all types of ICS and non-ICS comparisons. This chapter aims to summarise the existing

literature on the association between ICS use and the rate of FEV; decline in a COPD population.
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2.1 Introduction

Evidence based clinical NICE guidelines recommend the use of LABA or LAMA for COPD maintenance
therapy [82, 83]. Currently, the addition of ICS is reserved for those who remain breathless or exacerbate
despite taking SABAs following NICE guidelines [21]. GOLD guidelines suggest initial treatment of ICS
should be reserved for patients in GOLD group D alongside LABA if blood eosinophil levels are greater
than 300cells/pl. In addition, combination ICS (ICS/LABA) should be considered in patients who exacerbate
if blood eosinophil levels are greater than 300, or 100 if they experience at least 2 moderate exacerbations
or a hospitalization from AECOPD, or remain breathless [1]. However, the use of ICS for the treatment of
COPD has been debated. Whilst it is well established that ICS use reduces the risk of AECOPD, the

relationship with rate of lung function decline is not as clear cut [84, 85].

Previous large, RCTs have found that ICS reduce the rate of FEV; decline in people with COPD [86-89].
However, there are limitations to these studies. Firstly, RCTs have specific inclusion and exclusion criteria
and commonly exclude participants based on age, comorbidities and severity of disease [43]. Therefore,
the rates of decline associated with ICS use reported in many RCTs may not be generalisable to the wider
population of COPD patients. Secondly, RCTs have short follow-up periods of generally less than 1 year. It
is argued that this length of follow-up is not long enough to investigate the long-term rate of lung function
decline [90]. Therefore, whilst most RCTs report an improvement in FEV; decline with ICS use in COPD, it

is important to look at lung function decline in relation to studies with longer follow-up.

Previous literature reviews have consisted of pre-specified ICS and non-ICS comparators such as
LAMA/LABA vs LABA/ICS or ICS, LAMA/LABA vs LABA, LAMA or LABA/ICS and more specific comparisons
such as budesonide or beclomethasone vs placebo [91-96]. Since then, several large scale RCTs reporting
associations between ICS and FEV; decline have taken place including SUMMIT and WISDOM trials,
justifying the need to inform and summarise novel findings. This chapter aimed to investigate the
association between ICS or ICS-containing medications and FEV; decline compared to non-ICS-containing
medications in COPD populations and determine whether length of follow-up influences the difference in

FEV:decline between ICS and non-ICS containing groups.
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2.2 Methods

Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRIMSA-P) 2015
guidelines were used to outline the methodology [97]. This systematic review was registered with the
International Prospective Register of Systematic Reviews (PROSPERO), registration number:

CRD42018090741.
2.2.1 Eligibility Criteria
Articles meeting the following eligibility criteria were included in this systematic review.

Participants: People with a physician diagnosis of COPD or who had an FEV1/FVC<70%, who were 35 years

old or older and were smokers or ex-smokers.

Study designs: Prospective observational studies and RCTs with at least 2 post-bronchodilator FEV;

measurements recorded during follow-up. Length of follow-up was not restricted in the eligibility criteria.

Exposure: The exposure for this systematic review was ICS-containing medications. ICS-containing
medications included ICS monotherapy, or combination ICS therapy. Combined ICS therapy included ICS

combined with any other COPD specific medication such as LABAs and LAMAs.

Comparisons: Articles must have compared people with COPD on an ICS-containing medication with

people on a placebo or non-ICS-containing medication.

Outcomes: The outcome of interest was rate of post-bronchodilator FEV; decline. Studies were
considered if the outcome was expressed as change in FEV; over time. Units could include millilitres (ml)

or litres (L) per year and absolute change in FEV; in ml or L from baseline.

Exclusion criteria: Conference presentations available as an abstract but not as a full paper were excluded.
In addition, review articles or other systematic reviews were excluded, articles that included asthma

patients were excluded, and only English language papers were included.
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2.2.2 Information sources

MEDLINE and EMBASE were searched using the journal database platform, OVID. MEDLINE and EMBASE
are bibliographic databases of articles mainly within the field of biomedical research. In order to keep up
to date with systematic reviews on ICS and FEV; decline in COPD, the Cochrane Database of Systematic
Reviews and PROSPERO were regularly searched. MEDLINE and EMBASE were searched up until the 12t
May 2020.

2.2.3 Search strategy

Medical subject headings and text words were used to identify literature related to COPD, ICS-containing
medication, and rate of post-bronchodilator FEV; decline. These three concepts were combined using the
Boolean operator “AND” to search for potentially relevant literature. Medical subject headings and text

words used in the search are shown in table 2.1.
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Table 2.1: Literature search terms.

Concept Medical subject headings and text words

Concept 1: COPD

Concept 2: ICS

Concept 3: Lung function decline

Pulmonary disease, chronic obstructive/

COPD.mp

COAD.mp
ObstructS adj3 (airflow$ or airway$ or lungs

or pulmonary or respiratory or bronchS).mp

EmphysemaS.mp

Chronic$ adj3 bronch$.mp

Inhal$ corticosteroid$S.mp

Inhal$ adj3 corticosteroid$S.mp

Ics.mp

Inhal$ aj3 (budesonide or fluticasone or
beclomethasone or mometasone or
flunisolide or ciclesonide).mp

Forced expiratory volume/

Lung function/

Respiratory function tests/

FEVi.mp

(Chang$ or rate$ or declin$ or worse$ or
reduc$ or decreas$ or slow$) adj3 (FEV; or

lung$ function or lung$S volumes)

Note: “.mp” describes a text word. Text followed by “/” describes medical subject headings. “S” allows truncated search words.

“adj3” allows the specific search terms to be 3 words away from each other.
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2.2.4 Study records

Articles that met the MEDLINE and EMBASE search were imported to the reference management software
Endnote and duplicate articles were removed. Consequently, the selection of relevant literature was

performed in two steps.

Firstly, all titles and abstracts were reviewed and sorted into those meeting the inclusion criteria and those
not. Uncertain titles and abstracts were included to minimise the risk of rejecting a relevant article.
Secondly, full texts of articles included in the first step were reviewed against the inclusion criteria. A
second reviewer reviewed all full texts. Full texts that met the inclusion criteria were included in the
systematic review and a list of rejected articles were recorded. Relevant data were extracted from

included articles and managed using excel.
2.2.5 Dataitems

Specifically, data were extracted using the population, intervention, comparison and outcomes (PICO)
framework [98]. Information on study populations, interventions, control groups, and outcomes were
extracted. This included study design, length of study, population characteristics (such as number of
people included, age and gender), inclusion and exclusion criteria of studies, study name and geographic
location, ICS and non-ICS medications used as the exposure, outcome definition, and outcome data. Study
information could be found in the full text or in the supplementary material. Data were extracted using
an excel extraction tool which include all information listed above. The excel data extraction tool was

piloted before it was used for all included articles.
2.2.6 Outcomes and prioritisation

The outcome of interest for this systematic review was rate of lung function decline, specifically post-
bronchodilator FEV; decline, stratified by short- and long-term follow-up. Rate of FEV; decline measured
in ml or L per year and absolute change in FEV: (ml or L) from baseline was used to determine rate or
change in FEV;. Short- and long-term follow-up were defined as follow-up of one year or less and greater

than one year.

2.2.7 Risk of bias in individual studies

For RCTs the Cochrane Risk of Bias Tool was used to assess selection bias, reporting bias, performance
bias, detection bias, and attrition bias. For observational studies, risk of bias was determined using the

risk of bias in non-randomised studies of interventions (ROBINS-I) tool. ROBINS-I assesses pre-intervention
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biases, such as confounding and selection bias, biases at intervention such as classification of
interventions, and post-intervention biases, such as missing data, outcome measurements and reporting

bias. All domains of bias were identified as high, moderate, low, or unclear.
2.2.8 Data synthesis

A descriptive synthesis was provided describing study characteristics, types of ICS and non-ICS
comparisons, types of inclusion and exclusion criteria used in each study, and rates of post-bronchodilator
FEV: decline in studies with follow-up less than one year and follow-up greater than one year. Treatment
differences, if not reported, were calculated using t-tests based on information extracted from the specific
article including sample sizes, mean rates of decline, and standard deviations [99]. Treatment differences
were differences in the rate or change of FEV; between patients on ICS-containing medications and those
on non-ICS-containing medications. A meta-analysis of the treatment differences was performed and
stratified by study follow-up time. Between study heterogeneity was tested using the I? statistic.
Heterogeneity (I%) greater than 50% was considered as moderately to highly heterogeneous [100]. If high

heterogeneity was detected a descriptive synthesis was performed.
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2.3 Results

Overall, 4,454 studies were identified in MEDLINE (n=1,319) and EMBASE (n=3,135) following the
electronic systematic search. After duplicate articles were excluded 3,353 article titles and abstracts were
screened of which, 181 articles were selected for full text screening. Of 181 articles screened, 17 articles
met the inclusion criteria as illustrated in the PRISMA flowchart (figure 2.1). 164 articles were excluded
because they consisted of conferences abstracts, no change or rate of FEV; was reported, asthma patients
were included, there was not an ICS vs no ICS-containing medication comparison, articles were systematic
reviews, review articles or protocols, FEV; decline was reported in specific subgroups of COPD patients,

or post-bronchodilator FEV; was not used.

Titles and abstracts meeting

inclusion criteria in MEDLINE and | Duplicate articles
EMBASE up to the 12t May 2020 ; N=1,101
N=4,454

Titles and abstracts screened in

MEDLINE and EMBASE Aititles pxcliided

o N=3,172
Full-text articles screened il Full-text articles excluded
N=181 i N=164

Reasons for exclusion:
- Conference abstract (59)
- No change in FEV1 reported (42)
- Included asthma patients (1)
- Incorrect comparison (22)
- Pooled analyses (7)
- Stratification by subgroups only (8)
- Review or protocol (4)
- No post-bronchodilator FEV1 (21)

Articles included in synthesis
N=17

Figure 2.1: PRISMA flowchart illustrating selection process of articles.
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All studies that met the inclusion criteria were RCTs (table 2.2). Examples of RCTs that met the inclusion
criteria included: ISOLDE, single inhaler extra fine triple therapy versus long-acting muscarinic antagonist
therapy for chronic obstructive pulmonary disease (TRINITY), SUMMIT and Trial of Inhaled Steroids and
long acting B, Agonists (TRISTAN). The included studies were published from 1991 to 2018, spanning a 27-
year period. The number of patients included in studies ranged from 24 participants to 16,485 patients
[38, 86, 101]. Most studies had high numbers of recruited males. The percentage of females in studies
ranged from 0% to 46% and the median percentage of females included was 25.5% [102, 103]. The mean
age of included participants ranged from around 53 years to 67 years [104, 105] and study follow-up
ranged from 3 months to 4 years [38, 86, 101, 105, 106].

49



Change in
FEV,
Definition

Mean
change in
FEV; (ml)

Table 2.2: Articles included from literature search.

Authors

Auffarth et

Study
Name

Geographic location

Follow-

up
(months)

Patient
N

Female
(%)

Intervention (dose ug)

Change in post bronchodilator
FEV1in ml
(SD or 95%Cl)

- Netherlands 3 24 0.04 57.0(8.2) Placebo -120 (230)
al Bud (1600) 15 (110)
1991[101]
Cazzola et - Italy 3 80 11.6 64.2 (6.3) Sal (50) 163 (80 to 245)
al Sal/FP (50/250) 188 (89 to 287)
2000[106] Sal/FP (50/500) 239 (183 to 296)
Lee et al - China, Hong Kong, 3 577 4.3 66.8 (8.3) Tio (18) 80 (27)
2016[105] Indonesia, South Korea, Tio + bud/form (18 + 160/4.5) 160 (29)
Thailand
Bourbeau - Canada 6 79 21.5 66.0 (8.0) Placebo 0-3 months: -1(-65 to 62)
et al 1998 0-6 months:12(-61 to 85)
[107] Bud (400) 0-3 months: -13(-59 to 33)
0-6 months: 8(-51 to 68)
Ohar et al - United States, Argentina, 6.5 639 46 62.9 (9.2) Sal (50) 40 (342)
2014 [103] Norway FP/Sal (250/50) 140 (372)
Vestbo et TRISTAN Australia, Austria, 12 1465 27.6 63.2 (8.6) Placebo -65 (-200 to 85)
al 2005 Belgium, Canada, Czech Sal (50) 0 (-130 to 140)
[108] Rep?ubll.c, Denmark, FP (500) 0 (-160 to 160)
Estonia, Finland, France,
Germany, Greece, Sal/FP (50/500) 80 (-50 to 250)

Hungary, Iceland, Italy,
Lithuania, Netherlands,
New Zealand, Norway,
Poland, Russia, South
Africa, Spain, Sweden,
Switzerland, IK
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Rate of
FEV,
change
(ml/year)

Vestbo et
al
2017[109]

Wise et al
2000[110]

Weir et al
1999[111]
Renkema
et al
1996(102]

Burge PS
et al
2000([27]
Calverley
PM et al
2003 [112]

Pauwels et
al
1999[104]

Vestbo
1999[113]

Calverley
et al 2018
(38]

&
Vestbo et
al 2016
[86]

TRINITY Argentina, Belarus,
Bulgaria, Croatia,
Germany, Hungary, ltaly,
Mexico, Poland, Romania,
Russia, Slovakia, Turkey,
UK, Ukraine
Lung United States, Canada
Health
Study
- UK
- Netherlands
ISOLDE UK
ISOLDE UK
- Belgium, Denmark,
Finland, Italy, Netherlands,
Norway, Spain, Sweden,
UK
CCHS Denmark
SUMMIT US, Argentina, Australia,

Austria, Belarus, Belgium,
Bosnia & Herzegovina,
Bulgaria, Canada, Chile,

China, Columbia, Croatia,
Czech Republic, France,

Georgia, Germany,
Greece, Hungary, India,
Indonesia, Israel, Italy,

Japan, Korea, Latvia,

12

12

24

24

36

36

36

36

2,691

1116

98

59

751

751

1277

290

16,485

23.6

36.9

25.5

25.4

25.3

27.2

39.7

25.5

63.2 (8.6)

56.3 (6.8)

66.6 (7.0)

56.0 (8.6)

63.7 (7.1)

63.7 (7.1)

52.5(7.6)

59.1 (9)

65.0 (8.0)

Tio (18)
Fixed: Beclo/FP/gly bro
(100/6/12.5)
Open: Becl/FP/Tio (100/6/18)

Placebo
Triamcinolone acetonide (600)

Placebo
Becl (750)
Placebo

Bud (800)

Bud + oral prednisolone (800/5)
Placebo
FP (500)

Placebo

FP (500)

Placebo
Bud (400)

Placebo
Bud (400)

Placebo

Vil (25)
FF (100)

FF/Vil (100/25)

21 (3 to 39)
82 (65 to 100)

85 (31 to 110)

-47 (70.8)
-44.2(69.8)

-56.9(15)
-20.6(16)
-60 (-570 to 140)

-30 (-180 to 870)
-40 (-340 to 60)
-59 (30.8)
-50 (28.7)

-46

-51

0-6 months: -81
9-36 months: -69
0-6 months: 17
9-36 months: -57
-49.1

-46.0
-46(160.3)

-47(154.0)
-38(154.3)

-38(154.1)
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Malaysia, Macedonia,
Mexico, Netherlands,
Philippines, Poland,
Romania, Russia, Serbia,
Slovakia, South Africa,
Spain, Taiwan, Thailand,
Turkey Ukraine, UK,

Vietnam
Shaker et - Denmark
al
2009[114]

Notes: 2 included studies (Calverley 2018, Vestbo 2016) were analysed on the same population and reported the same change

48

254

42

63.6 (7.4)

Placebo

Bud (400)

in FEV;

-56 (-72 to -40)

-54 (-69 to-40)

estimates.

Abbreviations: FP; Fluticasone proprionate; FF: Fluticasone furoate; Sal: Salmeterol; Bud: Budesonide; Becl: Beclomethasone; TIO: Tiotropium; Vil: Vilanterol; Mom: mometasone;

Form: formoterol.; UMEC: umeclidinium; Gly Br: glycopyyronium bromide; Ol: olodaterol
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Studies differed by types of ICS and non-ICS medications. The most common comparison was placebo vs
ICS. Other comparisons included LABA vs LABA/ICS, placebo vs LABA/ICS, LABA vs ICS, and LAMA vs
LAMA/ICS. Table 2.2 & table 2.3 illustrate all types of ICS and non-ICS comparisons in more detail.

Table 2.3: ICS and non-ICS-containing medication comparisons.

Type of ICS-containing Type of non-ICS containing medication Number of
medication studies
Placebo ICS 13
Fluticasone propionate 3
Budesonide 6
Fluticasone furoate 2
Beclomethasone 1
Triamicinolone acetonide 1
LABA LABA/ICS 5
Salmeterol Salmeterol/fluticasone proprionate 3
Vilanterol Vilanterol/fluticasone furoate 2
Placebo LABA/ICS 3
Vilanterol/fluticasone furoate 2
Salmeterol/fluticasone proprionate 1
LABA ICS 3
Vilanterol Fluticasone furoate 2
Salmeterol Fluticasone proprionate 1
LAMA LAMA/ICS 2
Tiotropium Glycopyyronium/beclomethasone/fluticasone 1
proprionate
Tiotropium Tiotropium/beclothmethasone/fluticasone 1
proprionate
LAMA LAMA /LABA/ICS 1
Tiotopium Tiotropium + formoterol/budesonide 1

Notes: numbers do not add up to the total number of studies included in the systematic review due to multiple ICS or non-ICS
containing medications used in some studies.

2.3.1 Change in post-bronchodilator FEV1

Table 2.2 illustrates the change in FEV;, by study and ordered by length of study follow-up, and shows a
high degree of variation in change in FEV; between studies. A large proportion of the variation was
dependent on study follow-up time and type of ICS and non-ICS comparison. Change in FEV; in studies that
had less than one year of follow-up varied between -120 ml (SD 230) to +163 ml (95% CI 80 to 245) over 3
months with non-ICS containing medications and between -13 ml (95% CI -59 to 33) to +239ml (95% CI 183
to 296) over 3 months with ICS-containing medication [101, 106, 107]. Change in FEV; in studies that had

more than one year of follow-up varied between -69 ml/year to 21 ml/year (95% CI 3 to 39) with non-ICS
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containing medications and between -57 ml/year to 85 ml/year (95% ClI 31 to 110) with ICS-containing
medications [104, 109].

A meta-analysis was performed for all studies as well as for studies with short and long-term follow-up
separately and between study heterogeneity (IZ) varied between 98.8% and 88.4%. These heterogeneity

estimates are considered high and therefore, a descriptive synthesis of the relationship between ICS-

containing medications and the rate of FEV; decline was reported.
2.3.2 Study follow-up time

Figure 2.2 illustrates change in FEV; in ICS and non-ICS-containing medications in studies with follow-up of
one year or less. Most ICS point estimates show an increase in FEV; and 8 out of 10 studies showed that

change in FEV; increased more or declined slower in ICS groups compared to non-ICS groups.

Figure 2.3 illustrates change in FEV; in ICS and non-ICS-containing medications in studies with follow-up
greater than one year in ml/year. All studies showed a decline in FEV; in both ICS and non-ICS groups, of
which there was little difference in FEV; decline between the two groups. All studies with greater than 1

year of follow-up were placebo vs ICS comparisons.

The general trend in change in FEV; with increasing follow-up time suggests that FEV; tends to increase
with ICS-containing medications in the short term up to approximately one year. Longer studies with follow-
up greater than one-year show that FEV; generally declines over time in both ICS and non-ICS groups, with

little difference in rates of decline in some studies.
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Follow-up time
(months)

3 months

6 months

12 months

Figure 2.2: Change in post-bronchodilator FEV: (ml) in studies with follow-up of one year or less.

Study

Auffarth 1991

Lee 2016

Cazzola 2000

Bourbeau 1998

Bourheau 1998

Ohar 2014

Pauwels 1999

Vestbo 2005

Vestbo 2017

Wise 2000

“ Non-ICS-containing medications
@ ICS-containing medications

®

|

L]

a8

Rate of FEV, decline
{95% C1)

-120.00 (-570.80 to 330.80)
15.00 (-200.60 to 230.60)

10.00
50.00

163.00 (80.00 to 245.00)
239.00 (183.00 to 296.00)
188.00 (89.00 to 287.00)

-1.00 (-65.00 to 62.00)
-13.00 (-59.00 to 33.00)

12.00 (-61.00 to 85.00)
8.00 (-51.00 to 68.00)

40.00 (2.76 to 77.24)
140.00 (98.84 to 181.16)

-81.00
17.00

-65.00 (-200.00 to 85.00)
0.00 (-130.00 to 140.00)
0.00 (-160.00 to 160.00)
80.00 (-50.00 to 250.00)

21.00 (3.00 to 39.00)
82.00 (65.00 to 100.00)
85.00 (31.00 to 110.00)

-47.00 (-52.88 to-42.12)
-44.20 (-49.88 to -38.52)

Note: Confidence intervals were not shown if the study did not report them or they were unable to be calculated.
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Follow-up time ' Non-ICS-containing medications Rate of FEV, decline

(months) Study @ |CS-containing medications (95% CI)
-60.00 (-570.00 to 140.00)
. -30.00 (-180.00 to 870.00)
Renkema 1996 : = -40.00 (-340.00 to 60.00}
24 months &
) I -56.90 (-86.30 to -27.50)
Weir 1999 [ i N -20.60 (-51.96 t0 10.76)
-59.00 (-67.62 to -50.38)
—
Burge 2000 " -50.00 (-58.04 to -41.96)
‘ -46.00
Calverley 2003 o -51.00
36 months
. -69.00
Pauwels 1999 ® -57.00
-49.10
Vestho 1999 [ ] -46.00
) H8H -47.00 (-51.70 to -42.30)
Calvzrley 2018; s -46.00 (-50.90 to -41.10)
Vestbo 2016 -38.00 (-42.70 to -33.30)
48 months
—e—
— e -56.00 (-72.00 to -40.00)
Shaker 2009 -54.00 (-69.00 to -40.00)

-140 -100 -60 -20 20 60 100 140
Change in FEV {ml}

Figure 2.3: Change in post-bronchodilator FEV; (ml/year) in studies with follow-up greater than one year.
Note: Confidence intervals were not shown if the study did not report them or they were unable to be calculated.
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2.3.3 Inclusion and exclusion criteria

Study inclusion and exclusion criteria are illustrated in appendix 2. Common inclusion criteria included
specific criteria regarding age, smoking status and disease severity. Specifically, most studies included
patients aged 40 years old or older. In terms of smoking status, most studies included current or ex-smokers
with at least 10 pack years history smoking. FEV1 % predicted criteria were commonly 30-70%. Three studies

required patients to have severe or very severe COPD by GOLD 2011 definition.

Furthermore, 4 studies required at least one AECOPD prior to the start of follow-up. These included
moderate or severe AECOPD requiring prescribed oral corticosteroids and/or antibiotics or have been
hospitalised for AECOPD prior to the start of the study. One study specifically required no AECOPD prior to
study start. Other inclusion criteria included MRC dyspnoea scores of 2 or more, FEV; reversibility, and risk

or history of CVD.

The most common exclusion criteria were the presence of diagnosed comorbidities including other
respiratory diseases (e.g., asthma, pneumonia, upper respiratory tract infection (URTI), lower respiratory
tract infection (LRTI)) and clinically significant diseases that could affect results and patient participation
(e.g., myocardial infarction (Ml), heart failure (HF), angina, and diabetes). Further exclusion criteria included
long-term oxygen therapy, evidence of alcoholism or solvent abuse, AECOPD requiring prescription of oral

corticosteroid, antibiotics, or hospitalisation prior to study start or moderate/severe AECOPDs.
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2.3.4 Risk of bias assessment

The majority of studies were considered low risk in each of the bias domains as shown in Figure 2.4.
Reasons for considering “random sequence and allocation concealment” unclear was due to no mention
of a sequence generator in text or supplementary material. “Reporting bias” and “other biases” were low
risk because all outcomes mentioned in the methods were reported in the results. “Performance and
detection bias” were considered unclear in the study by Cazzola et al., 2000 because the authors failed to
report whether and how the study participants and personnel were blinded during follow-up and outcome
assessment [106]. “Performance and detection bias” was considered high risk in the study by Lee et al.,
2016 and colleagues as participants or participants and personnel were not blinded during the study [105].
The study by Shaker et al., 2009 was considered to have unclear “attrition bias” because there was no
indication whether only participants with complete follow-up were used to measure change in FEV; [114].
High risk “attrition bias” was observed in 4 studies. This was because only participants with complete
follow-up (i.e., completed the study and did not dropout) were included in the analysis of change in FEV;.

See appendix 2 for detailed risk of bias assessment for each study.

Random sequence

Allocation concealment

Performance bias

Detection bias

Reporting biss

atiiion bas [
other bias I

8 10 12 14 16 18
Number of studies
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[e)]

W Llow [ Unclear mHigh

Figure 2.4:Risk of bias assessment of included studies.
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2.4 Discussion

This systematic review investigated the change in post-bronchodilator FEV; with ICS-containing
medications compared to non-ICS-containing medications in COPD patients over the short and long term.
Of the 17 studies that met the inclusion criteria, all were RCTs. Overall, most studies with less than a year
follow-up reported increases in FEV,, with the general trend favouring ICS medications compared to non-
ICS medications. Studies with more than a year follow-up generally reported a decline in FEV; with little

evidence of a treatment difference between ICS and non-ICS containing medications.

This systematic review was published in December 2019 and has since been updated for the purpose of
this thesis [115]. For the purpose of this discussion, the search was updated on the 20" May 2020 and only
one additional article met the inclusion criteria. Kato et al., 2019 analysed data from the Informing the
Pathway of COPD Treatment (IMPACT) study to compare outcomes between triple therapy
LABA/LAMA/ICS (FF/UMEC/Vil), dual therapy LABA/ICS (FF/Vil) and a LABA/LAMA (UMEC/Vil) [116].
IMPACT was a multicentre study with locations in 37 countries. The study follow-up was 12 months, and
10,355 COPD patients were recruited, of which approximately 33% were female. In terms of FEV; decline
they found that patients on LABA/LAMA/ICS (FF/UMEC/Vil) had a mean increase in FEV; of 14 ml (95%Cl -
24 to 54), patients on (LABA/ICS) FF/Vil had a mean decline in FEV; of -52 ml (95% CI -60 to -44), and patients
on LABA/LAMA (UMEC/Vil) had a mean decline of -27 ml (95% CI -85 to 31). Here, interestingly patients
randomised to LABA/ICS showed the fastest mean decline in FEV;, however, the confidence intervals

around the estimates for LABA/LAMA/ICS and LABA/LAMA are wide.
2.4.1 Length of study follow-up

The main finding suggests that initiating ICS medications improves lung function compared to non-ICS
medications however, over long periods of time lung function declines at a similar rate in both ICS and non-
ICS medications. This may be due to an initial acute bronchodilation, or subtle improvements in care in
both arms shortly after recruitment [117]. FEV; decline in studies with more than a year of follow-up is
observed in both ICS and non-ICS containing medications and raises the question of whether ICS-containing
medications are similar to non-ICS medications over long periods of time with respect to their effect on
lung function. In addition, the studies that reported a significant difference between the changes in FEV;

favouring ICS-containing medications were studies that were less than 1 year in duration.
2.4.2 Type of ICS-containing medications and comparators

In this review most studies compared: i) placebos to monotherapy ICS; ii) LABA to LABA/ICS; iii) placebo to
LABA/ICS; iv) LABA to monotherapy ICS; and v) LAMA to LAMA+LABA/ICS. Previous literature suggests that
COPD patients on ICS/LABA have better outcomes compared to those on ICS monotherapy or LABA

monotherapy. ICS/LABA is associated with reduced rate of AECOPD, improved FEV; and an improvement
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in patient’s health status compared to ICS and LABA separately [26]. Barnes and colleagues have previously
showed that monotherapy ICS does not suppress inflammation in COPD and further studies have found
that the anti-inflammatory effect of ICS is greater in the presence of beta agonists by increasing the number
of beta-receptors to improve bronchodilation from LABA [118-121]. Four studies in this systematic review
included both ICS/LABA and ICS monotherapy as the ICS comparison arms. In these studies, FEV; improved
in ICS/LABA groups but declined in monotherapy ICS groups compared to their non-ICS comparators. In
addition, all studies that compared ICS/LABA to LABA or ICS/LAMA to LAMA showed that FEV; improved
more in ICS combination groups compared to LABA or LAMA. Whilst improvement in FEV; was seen in LABA
and LAMA groups, the addition of ICS improved lung function further, highlighting the initial beneficial
effect of ICS.

Furthermore, recently it has been suggested that the use of LAMA/LABA is preferential over ICS/LABA in
COPD patients. This may be due to the synergistic effect of LABA and LAMA which activate both adrenergic
and cholinergic pathways, maximizing bronchodilation [122, 123]. Recent systematic reviews have
investigated the use of LAMA/LABA compared to ICS/LABA and found that patients on LAMA/LABA had
improved health status, decreased moderate or severe AECOPD, and decreased use of rescue medications
compared to patients on ICS/LABA [91, 94, 124, 125]. The study by Kato et al., 2019 compared LABA/ICS to
LAMA/LABA and the rate of FEV; decline was faster in patients on LABA/ICS than those on LAMA/LABA,
adding to the argument that LABA/LAMA may improve lung function compared to LABA/ICS [116].

Interestingly, the latest GOLD guidelines state that ICS/LABA use should be considered if blood eosinophils
are greater than 300cells/ul in patients who exacerbate more frequently, severely, and who are more
breathless [1]. Studies have shown that patients with high blood eosinophils who initiate ICS respond better
in terms of lung function compared to those with low blood eosinophils [40]. Studies included in this review
did not stratify by blood eosinophils however, a further literature review and meta-analysis on the
relationship of ICS, eosinophils, and FEV; decline would help summarise short and long-term effect of ICS

on FEV; decline by eosinophils.

In terms of triple therapy, NICE guidelines state that triple therapy might be more beneficial in patients
previously on LABA/ICS than patients on LAMA/LABA in improving FEV; as well as reducing AECOPD [21].
Kato et al., 2019 found that FEV;in COPD patients on triple therapy improved compared to patients on
ICS/LABA or LAMA/LABA [116]. Whilst these patients are all newly initiating users, findings indicate that

triple therapy may be more beneficial than dual therapy.
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2.4.3 Strengths and Limitations

This is an extensive literature update comparing the change in FEV; between ICS-containing medications
and non-ICS containing medications over time. ICS-containing medications were compared with non-ICS-
containing medications in order to be as inclusive as possible and highlight differences in ICS type as well
as length of follow-up and other study characteristics. Most studies included in this review had few biases
and were of good quality. In addition, clinical trials with large patient populations such as TRISTAN, TRINITY,
ISOLDE, and SUMMIT were included in this review. Since this review was published an additional one study

met the inclusion criteria which used data from the IMPACT trial.

One limitation of this systematic review is that ICS monotherapy was included even though it is not
currently licensed in the UK [21, 126]. This is because long term use of ICS is less effective than LABA/ICS
[1]. ICS monotherapy use is also associated with an increased risk of developing pneumonia, little
improvement in lung function, and an increased risk of mortality compared to that of LABAs and LABA
combinations [41, 127, 128]. Over time prescribing ICS monotherapy has decreased and it is advised by
NICE that ICS monotherapy should not be used for treatment of COPD [126, 129]. Most studies reported a
change in lung function in patients on ICS monotherapy, but 7 of the 12 studies were published in 2000 or
earlier. The remaining studies that included ICS monotherapy were published between 2001 and 2018.
These studies were either conducted in the United States or were multicentre studies that included centres
in countries across Europe, Africa, and the Americas. Changes in FEV; reported in these studies should

therefore be interpreted with caution depending on the prescribing location.

Furthermore, whilst differences in change in FEV: between ICS-containing medications and non-ICS-
containing medications were seen, they were not always significant. This could have been due to small
numbers of recruited patients in some studies. In addition, not all studies reported a treatment difference
and it therefore unclear whether these differences are statistically significant as well as clinically significant.
In those that did report statistical treatment differences, not all were clinically significant. It has previously
been suggested by the American Thoracic Society (ATS) and the ERS that a minimal important difference in
FEV: between two treatments ranges from 100ml to 140ml [130]. However, this is with regards to
pharmacological trials and individual FEV; measurements rather than a rate of change. In addition, it is
important to note that clinically important differences in the real world may be different to those seen

from RCTs.

Moreover, the results from included studies consist of mostly crude changes in FEV:. Whilst it is important
to observe the range of crude changes with regards to ICS and non-ICS containing medications, they could
be skewed by baseline FEV:. Milder patients with a higher baseline FEV1 may have more lung function to
lose compared to a more severe patient with a lower baseline FEV;[131]. Using a measure of change that

accounts for baseline FEV; may be more informative, such as percent change from baseline.
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Many studies were excluded from this literature review because they used trough FEV; as the outcome.
Trough FEV; is a measure of FEV; approximately 24 hours after the last administrated drug. This outcome
is common in RCTs because it is needed for regulatory approval. Naturally, this is different to post-
bronchodilator FEV,, which is used in the clinical setting to assess lung function. To be consistent and more

generalisable to the wider respiratory field, only post-bronchodilator FEV: measurements were used.

In addition, all studies included were RCTs and had many inclusion and exclusion criteria. All studies
included patients with moderate to very severe COPD. Other common inclusion and exclusion criteria
included specific pack year smoking history and no other significant comorbidity. Whilst RCTs are important
due to their valuable methodological design, they are typically not representative of the wider population
of COPD patients, many of whom have comorbidities. Therefore, the representativeness of the results
included in this review should be noted [31, 44]. Observational and general practice studies are needed to
identify changes in lung function in a more representative COPD population with a wider degree of disease
severity and comorbid conditions. Lastly, a high level of heterogeneity between studies was observed and
therefore, results from the meta-analysis should be interpreted with caution, if interpreted at all. This

limited the ability to make conclusions on rate of change in FEV; by ICS and non-ICS comparisons.

2.5 Conclusion

The findings from this systematic review suggests that in COPD patients, initiating ICS medications improves
post bronchodilator lung function compared to non-ICS medications. However, over long periods of time
lung function declines at a similar rate for both ICS and non-ICS medications. Further studies that are more
generalisable to the wider population of COPD patients are needed in order to investigate the association
between ICS and FEV; decline further. Additionally, studies with a longer follow-up are needed to observe

the long-term effect of ICS on lung function.
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Chapter 3
Data Sources and Methodology

This chapter describes data sources used for the following chapters and outlines basic definitions of
variables used, such as COPD and other variables. This chapter also describes the main statistical models

used in the following chapters.
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3.1 Data Sources

3.1.1 Introduction

EHR databases systematically and routinely collect and store healthcare data electronically. They exist in
multiple forms and can include data on routine processes in primary and secondary care (disease codes,
prescriptions, procedures, and tests), as well as being used for medical insurance claims, to collect mortality
data, or for specific disease registries such as the cancer registry in the UK. The information contained and
the way in which it is coded in these databases differ. The original purpose, certainly in the UK, was simply
to store medical information digitally but increasingly, these databases are being used for other purposes.
EHR have gained increasing recognition as a mechanism for research and are used for population-based
studies globally, allowing inclusion of populations not necessarily routinely studied in randomised

controlled trials and include large sample sizes, and offer a wide breadth of study variables.

The National Healthcare Service (NHS) is the largest publicly funded health service in the world providing
healthcare to millions through primary care general practitioner (GP) staff and secondary care
professionals in the UK. GPs are often the first point of care in managing medical treatment of patients,
educating and advising patients, and caring for patients with long-term illness as most people in the UK are
registered with a GP (98% of people in the UK) [132]. Patients needing secondary care can be referred by
GPs, who act as a gatekeeper, to other healthcare services in the UK. The value of such comprehensive
data led to the establishment of the Clinical Practice Research Datalink (CPRD) which has become a valuable

source of data for health-related research [133].

CPRD is a non-profit service that has been providing anonymized patient data to health-related researchers
for over 30 years. In 1987 general practices started using the first iteration of an electronic healthcare
system to record patient data through the Value-Added Medical Products (VAMP) database. Following this,
the general practice research datalink (GPRD) was established within the Department of Health with the
aim of collecting and using anonymized patient data for research. In 2012, GPRD was expanded to CPRD
which is more comprehensive and allowed access to other health care linkages [133]. CPRD is a centralised
database that regularly collects data from general practices who agree to contribute and adds to its ever-
growing database. General practices have the option to opt into the contribution of data to CPRD whereas
individual patients have the option to opt out. The longitudinal nature of GP health records allows
researchers to study diseases over a long period of time and its comprehensiveness has led to its use both

globally and in the UK for epidemiological studies as well as pragmatic clinical trial studies.

CPRD contains two databases; CPRD GOLD and CPRD Aurum based on different software systems used to
collect data at GP practices. CPRD GOLD currently contains information on patients at over 1,800 GP
practices across the UK and holds patient data from 1987 to present day. Approximately 50 million patients

across the UK have their anonymous data recorded within CPRD GOLD of which of which 14 million patients
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(approximately 20% of the UK population) are currently alive. When compared to the 2011 census, patients
included in CPRD GOLD were representative of the general UK population in terms of age, gender, and
ethnicity [132, 133]. In October 2017, CPRD launched its second database based on a different general
practice data collection software in England only; CPRD Aurum. As of September 2018, over 7 million
patients were alive and included in CPRD Aurum (approximately 14% of the population of England). This
number will continue to increase as practices switch software systems to those that will be included in
CPRD Aurum. To date, patients included in CPRD Aurum are representative of the general UK population

in terms of geographical spread, socioeconomical deprivation, age, and gender [132].
3.1.2 Structure and organization of CPRD

Patient data are available through CPRD and is recorded by GPs or other healthcare professionals during a
consultation. GPs record patient data with the use of a software system that allows them to input details
of the consultation. GPs across the UK use several different software systems to record patient data, but
the two most popular systems are Vision and EMIS, which contribute data towards CPRD GOLD and Aurum,
respectively. It is important to note that general practices opt in and individual patients can opt out of

contributing data to CPRD if they wish.

Data collected using Vision and EMIS systems contribute to two databases within CPRD: CPRD GOLD and
CPRD Aurum, respectively. Up until October 2017, CPRD GOLD was the only CPRD database available and
contains general practices using Vision software in England, Scotland, Wales, and Northern Ireland. Since
then, CPRD launched a new database, CPRD Aurum, which contains general practices using EMIS software
in England. Vision and EMIS systems are used to record information on consultations, diagnoses, prescribed
medications, requested tests and results, immunizations, and referrals to outpatient clinics; data which is

all consequently available in CPRD databases.

All patient data in CPRD GOLD and CPRD Aurum is deidentified which means that personal identifiable
information such as patient name, address, NHS number and full date of birth are not collected or seen by
CPRD or researchers. Patients can opt out of contributing their data to CPRD for research purposes at any
time. In this case the patient’s entire medical record will be removed from CPRD and thus only patients
who have not opted out will contribute data. Anonymised patient records recorded in CPRD GOLD and
CPRD Aurum are continuously collected every month by CPRD from practices who have signed up to
contribute data to CPRD. CPRD GOLD and Aurum are similar in the fact that they record the same details

of any given consultation however, they differ in structure.

Both CPRD GOLD and Aurum databases use clinical codes to define clinical terms recorded during a
consultation. GPs record these as read codes in CPRD GOLD and SNOMED CT codes in CPRD Aurum. Read
codes were first created by Dr James Read in the 1980’s and are a set of unique codes that are used to

describe specific medical conditions. During a consultation, the GP will add a new consultation to a patient’s
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record using the “Consultation Manager” interface in the Vision and EMIS software systems (see figure

3.1). The GP can record symptoms or conditions that arise during the consultation as a new consultation

event (an example using weight in the Vision software system is seen in figure 3.2). Specific key words can

be typed into the designated dialogue box which generates a list of potential codes that can be recorded

to describe a clinical event. GPs can select the most specific code to the condition of that patient using the

drop-down menu which includes the corresponding read term, a summary term used to describe a specific

code. Free text can be entered into the system if additional information is warranted and data can be added

retrospectively, for example to add events such as tests that might have been performed outside of the

consultation, and update or amend events to enrich patient records.

Dpen New Consultation

Consultation Date: Clinician:
[21 May 2014 | System Supervisor, Mr ~|
Type of Consultation:

| Surgery consultation

Ll

Suraeny consultation

Telephone call to a patient
Third Party Consultation —
Triage ¥ =
3
Swystem Supervisor, Mr i
: OK
~ Times ]
. . : Cancel
Stark Tirmne: End Time: Duration:
{12:36pm |
Help
Figure 3.1: Consultation manager. Reproduced from [134].
& Weight - Add () Notes | D Becat | @ HP RO | X Cancel
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Figure 3.2: Adding clinical event during consultation. Reproduced from [134].
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Patient records that are entered into Vision and EMIS are collected by CPRD every month and organised

into files for researchers to use. These files contain information on patients complete medical history. Data

from the Vision software (CPRD-GOLD) is organised into 10 files. The structure and organization of these

files within CPRD-GOLD is illustrated in figure 3.3. Data from EMIS software (CPRD-Aurum) is organised into

8 files. The structure and organisation of these files within CPRD Aurum is illustrated in figure 3.4.

Practice Patient Staff
Demaographics Demographics Description
Consultations
Visits
Clinical Therapy Referral Test Immunisation
Diagnoses, symptoms Prescriptions Specialists Laboratory results Vaccinations

Additional
Specific details

Figure 3.3: Structure of files in CPRD GOLD. Adapted from [132].

Staff
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Practice
Demographics

Demographics

Figure 3.4: Structure of files in CPRD Aurum.

Consultations

Visits

Observation
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laboratory tests,

Problem
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Adapted from [133].
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The patient file is the central file that contains patient demographic information and unique
pseudonymised patient identifiers that are used to link the events files. Specifically, the patient file contains
information on patient registration with the general practice, the date and reason for leaving the general
practice where appropriate, and the date of death if a patient died. Important variables in this file include:
i) a current registration date (CRD), which is the date at which the patient registered with their current
general practice; ii) a transfer out date (TOD), which is the date at which a patient leaves a CPRD general
practice, for example if they move away and joined a different general practice that does not contribute to
CPRD or it is the date of a patient’s death, and iii) the last collection date (LCD) which is the date that CPRD

last collected data from general practices.

The practice file, which can be linked to the patient file, is used to identify a unique practice number,
geographic location, and a data quality marker. The practice ID is the last three digits of the patient’s unique
pseudonymised identifier within CPRD. The geographic region of the practice is coded into 13 regions in
CPRD GOLD including north east England, north west England, Yorkshire and the Humber, east midlands,
west midlands, east of England, south west England, south central England, London, south east coast,
Northern Ireland, Scotland, and Wales. CPRD Aurum only included regions based in England. Specific names
and locations of practices are not available to CPRD or researchers to protect the anonymity of patients.
Finally, an “up-to-standard (UTS) date” is provided which is a date at which the practice is deemed to be of
research quality. Specifically, this is a practice-based quality measure based on the continuous recording
of data and death recording within the general practice. CPRD monitors data recording every month and

the UTS date is the first date whereby the recording of data and death data was acceptable [133].

The consultation file is limited in that it does not contain information on any records that were entered
during the consultation however, it does contain information on the type of consultation, for example
whether it was a GP practice appointment, telephone appointment or emergency visit. It also contains the
date at which the consultation occurred. This file can be used alongside more detailed event files listed

below to find records that were entered within a specific consultation.

Event files consist of a group of files that contain information on clinical diagnoses, prescriptions, referrals,
tests performed, and immunisations that occurred within a consultation. In CPRD GOLD these files are
called the clinical, additional, therapy, referral, test, and immunisation files (figure 3.3). In CPRD Aurum
these files are called the observation, drug issue, problem, and referral files (figure 3.4). Clinical diagnoses,
symptoms, and medical conditions can be identified in the clinical file in CPRD GOLD and in the
observational file in CPRD Aurum. Events are coded using medcodes in CPRD GOLD and medcodeid codes
in CPRD Aurum. These are CPRD’s unique version of read codes and SNOMED CT codes, respectively. Table
3.1 illustrates an example of how read terms, software related codes, and CPRD’s medical codes relate in

CPRD GOLD and CPRD Aurum. Clinical codes correspond to a specific clinical event recorded on a specific
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date, otherwise known as the event date. In CPRD GOLD, additional clinical information such as height,
weight, BMI, blood pressure and various lifestyle factors such as smoking status and alcohol consumption,

can also be recorded in the additional file and linked via the event date.

Table 3.1: Example of read terms, software codes, and CPRD codes used to define chronic cough.

Read term CPRD GOLD CPRD Aurum
Vision Read Medcode Emis SNOMED CT Medcodeid
code code

Dry cough 1712.00 4931 11833005 20419011
Persistent cough | 171B.00 3628 284523002 423230012
Chesty cough 1719.00 292 161929000 252359015
Chronic cough 171A.00 1612 68154008 113213012
Morning cough 171C.00 4070 161932002 252363010
Cough with fever | 171F.00 18907 135883003 216653013
Bronchial cough 1719.11 1025 161929000 252360013
Night cough 1717.00 3068 161927003 252357018
present

Information on medications and prescriptions can be found in the therapy file in CPRD GOLD and the drug
issue file in CPRD Aurum. These files include unique CPRD codes used to identify types of medications
prescribed by the GP, called prodcodes. Further information on the prescription length, number of packs,

dosage, and the date on which the prescription was made by the GP can also be found in these files.

Lastly, information on referrals and tests can be found in the in the referral and test files in CPRD GOLD and
in the referral and observation file in CPRD Aurum. Specific information includes the date and the specialty
of the referral consultant, the type of test performed during a consultation (such as spirometry), laboratory
tests performed (such as blood tests) and their results, and the date the tests were performed. All the files

highlighted in figure 3.3 and figure 3.4 can be used to extract variables of interest for a research project.
3.1.3 Quality and completeness of CPRD

Every month CPRD collects data from general practices and add it to existing patient data. During this
process quality checks are conducted to ensure the integrity of the data for research. CPRD check that all
files have been collected (as demonstrated in figure 3.3 and figure 3.4) and have the correct data structure.
Lastly, CPRD replace text with codes, for example changing men to “1” and women to “2” and create lookup

files that can be used by researchers to find out what each code represents. After these processes have
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been performed by CPRD, a new release of the data is available to researchers to download every month.
Monthly data releases include all previous data available in the CPRD databases as well as the additional

new month.

One main process that CPRD conduct for each new monthly release of data is a data quality check. Errors
can occur if GPs incorrectly input data and the quality of data can vary when software and recording
practices evolve. In order to ensure data quality, CPRD creates data quality flags when processing the data
to help maintain consistency of CPRD data. Data quality checks are specific to CPRD and consist of a patient
and practice level quality marker. It is important to note that more comprehensive data quality checks such
as checking completeness of data, value ranges, and consistency of data should be performed by the

researcher.

The patient level quality flag is an “acceptability” flag which can be found in the patient file. This is coded
as acceptable or not acceptable for each patient. In order for patients to be deemed acceptable patients
must have: i) a valid gender and date of birth with no prior clinical events; ii) be less than 115 years old at
the last collection date or transfer out date; iii) consistent and valid registration dates; iv) a valid transfer
out date and reason for patients who have transferred to non-CPRD general practices or have died whereby
the transfer out date must be after the registration date; and v) at least one valid event date in any of the
CPRD files highlighted in figure 3.3 and figure 3.4. Invalid event dates are those that are entered before

the 1° January 1800 or after the current monthly data release.

The practice level quality marker is a UTS date. This is the date at which the data provided by the practice
is of research quality. A practice is contributing good quality research if mortality rates for the practice are
within expected ranges and there are no gaps in recorded data. Unlike the patient level quality marker,
which is a binary flag, the practice level quality marker is a date that researchers should use to define their

study period so that only data that is deemed research quality is used.

Whilst CPRD have processes in place to check the quality of data collected from the general practice, there
are also schemes in place to ensure the recording of data by GPs is high at the first instance. QOF is a
voluntary scheme that rewards good practice within general practices. It was first introduced in 2004 and
it works by awarding payments and “achievement points” to practices based on two domains: clinical
practice and public health. QOF encourages GPs to better record the management of patients with chronic
diseases and preventative measures that are taken to reduce the risk of specific diseases. The
implementation of QOF aims to improve the quality and detail of data recorded by GPs. Table 3.2 highlights
the QOF indicators for COPD.
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Table 3.2: Quality of Outcomes (QOF) indicators for COPD. Adapted from [135].

Type of indicator Indicator Achievement threshold

Records 1. The contractor establishes and maintains a
register of patients with COPD

Initial diagnosis 2. The percentage of patients with COPD in whom | 45-80%
the diagnosis has been confirmed by post
bronchodilator spirometry between 3 months

before and 12 months after entering on to the

register
Ongoing 3. The percentage of patients with COPD who have ' 50-90%
management had a review, undertaken by a healthcare
professional, including an assessment of

breathlessness using the MRC dyspnoea scale in the
preceding 12 months

4. The percentage of patients with COPD with a | 40-75%
record of FEV; in the preceding 12 months

5. The percentage of patients with COPD ad MRC | 40-90%
dyspnoea scale >3 at any time in the preceding 12

months, with a subsequent record of an offer of

referral to a PR rehabilitation programme

6. The percentage of patients with COPD who have | 57-97%
had influenza immunisation in the preceding 1%

August to 31° March

3.1.4 Extracting CPRD data

CPRD collect data from general practices each month, process it, and combine it with pre-existing data to
generate an up-to-date data build. This process is described in figure 3.5. After these processes, data is
available to be downloaded by researchers. Only data that is required for a specific study of interest can
be downloaded from CPRD. Therefore, prior to downloading CPRD data, researchers are required to define
their study population of interest using a set of codes that can be used to identify patients with, for

example, a specific disease such as COPD.
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Collection

CPRD collect anonymised patient records from GP

Collection practice management systems.

Processing

CPRD process the data to create a monthly version of the
database for research, conducting quality checks and
creating derived variables along the way.

Processing

Release

CPRD release the data along with accompanying
technical tools and documentation.

Figure 3.5: CPRD data workflow. Reproduced from [134].

To generate code lists used to define diseases in CPRD, a search tool called the code browser is given to
researchers by CPRD to search for specific codes relating to a specific medical condition or medication. An
example of a CPRD GOLD search performed in the code browser is illustrated in figure 3.6. Specific terms
for a condition or medication were searched for and the code browser generated a list of potential
medcodes or prodcodes that can be used to define clinical events and prescriptions. These codes were
reviewed and codes which did not properly describe the event of interest were excluded from the list of

codes. These were also reviewed by a clinically trained professional to ensure the correct codes were used.

Code Browser - [New] - b4
File View Tools Help
bl Wl S -
Search options
Dictionary: | Medical Dictionary ~ | Search field: | Read Term - | Search terms: |Chronic obstructive pulmonary{ ‘ Database build: | Al - ” p |
Found terms
[ Medical Code Clinical Events Referral Events Test Events Immunisation Events Read Code Read Term Database Build
[ |34202 98329 601 0 0 90i1.00 Chronic obstructive pulmonary disease monitoring 2nd letter | February 2009 [l
[1]106945 529 0 0 0 8IEZ.00 Chronic cbstructive pulmenary disease rescue pack declined | September 201
[]]34215 47714 21 [ 0 90i2.00 Chronic cbstructive pulmenary disease monitoring 3rd letter | February 2009
[ | 100237 76047 29 4 0 38Dg.00 | Chronic obstructive pulmonary disease test July 2010
EIEED 4000 97 0 0 66YD.00__| Chronic obstructive pulmonary disease manitoring due February 2009
[1]11287 798162 966 1 0 B6YM.00 [ Chronic obstructive pulmenary disease annual review February 2009
[ ]42258 2087 5 Q 0 90i3.00 Chronic obstructive pulmonary disease monitoring verb invite | February 2009
[1]18792 18360 167 0 0 90i.00 Chronic cbstructive pulmenary disease monitoring admin February 2009
[][45998 641 16 0 0 66YT.00 [ Chronic obstructive pulmonary disesse monitoring by doctor | February 2009
[][38074 22494 4 0 0 90i4.00 [ Chronic obstructive pulmonary disesse monitor phone invite | February 2009 v

Codes: 25  Clinical Events: 2212950  Referral Events: 19,206  Test Events: 133 Immunisation Events: 0

Selected terms

[} Medical Code Clinical Events Referral Events Test Events Immunisation Events Read Code Read Term Database Build

Figure 3.6: CPRD Code Browser.
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Once a suitable code list was created, this was sent to CPRD who use this list to define a population based
on codes provided. It is also possible to apply additional inclusion and exclusion criteria to the population
prior to downloading the data however, in most cases it is easier to apply more specific criteria after the
data has been downloaded. Once the study population was properly defined, CPRD data files were
extracted and downloaded. Figure 3.7 illustrates the workflow from generating code lists to extracting and

downloading CPRD data.

e Helps you navigate through medical and product h
N codes to pick those that you want to use to identify
o rowser patients for your study. )
e Applies inclusion and exclusion criteria to identify
the cohort of patients you want.
J
e Enables you to pull out the types of data (e.g.
therapy data, clinical diagnoses) that you want for
your patient cohort. )

Figure 3.7: Extracting CPRD data.

3.1.5 Linked datasets

CPRD can be linked to other electronic healthcare databases including secondary care databases, mortality
data, and specific disease registries. Linkages are helpful when GP data might lack detail. Using secondary
care as an example, it is possible for GPs to input information about events requiring hospitalisation into
their GP records however, the information around the hospitalisation can lack detail. In addition, studies
have shown that not all hospital events are recorded in primary care. For example, Whittaker et al., found
that only 5.7% of chest CT scans recorded in secondary care were also recorded in primary care in a
population of COPD patients [136]. Therefore, linkage to secondary care is essential to gain additional
details on events that occur in hospital. General practices opt in for their data to be linked to other
databases and can opt out if they wish. Approximately 75% of general practices in England had agreed to

the linkage scheme in 2015 [133].
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CPRD can link their two databases, CPRD GOLD and CPRD Aurum, to other databases. They do this by
working with a trusted third party, NHS digital, to keep the anonymity of patients within CPRD safe. Some
databases are already anonymised and can be sent directly to CPRD for linkage with CPRD data but
databases that include identifiable patient data must be linked to CPRD by NHS digital. Patient identifiers
including patient name, address, NHS number, and date of birth are sent directly to NHS digital from the
general practice without any clinical patient data. NHS digital then links the patient identifiers to other
databases of interest, anonymises the data and sends the data to CPRD along with an indicator which
identifies which anonymized patients from CPRD have linked data. Figure 3.8 illustrates the linkage process
between the general practice, the third party (NHS digital), and CPRD. The three main databases that can
be linked with CPRD include Hospital Episode Statistics (HES), a secondary care database, the Office of
National Statistics (ONS), mortality data, and the Index of Multiple deprivation (IMD), socioeconomic

deprivation data. All these databases were used in the following chapters.

Digital a Section 251 approval
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Figure 3.8: Linking CPRD data to other data sources. Reproduced from [137].
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3.1.5.1 Hospital Episode Statistics (HES)

HES contains records of all hospital events from NHS hospitals and private hospitals treating NHS patients
in England. HES contains information on events such as diagnoses, procedures, admission dates, and
hospitalizations. All events recorded within HES are coded using International Classification of Disease (ICD)
10 codes and are structured by hospitalizations. Within each hospitalization there can be multiple episodes
which correspond to a specific type of care given. Clinical events such as diagnoses by consultants can be
found within episodes of a hospitalization. Figure 3.9 illustrates how hospitalizations and episodes are

structure in HES.

Admission Discharge
l Hospitalisation I
e 5
Episode Episode Episode
(A&E (General medical (Haematology
consultant) ward consultant) Consultant)
L —
Diagnosis: Diagnosis: Diagnosis:
superior vena deep vein non-Hodgkin
cava syndrome thrombosis lymphoma

Figure 3.9: Structure of data within Hospital Episode Statistics (HES). Reproduced from [134].

3.1.5.2 Office of National Statistics (ONS)

ONS is a mortality database that can also be linked to CPRD. Every death in the UK must be reported by the
General Register Office and information is recorded by the ONS. A medical certificate is required upon
death which lists the cause (or causes) of death. The certificate must be signed by a doctor and delivered
to the general register office. All information recorded on death certificates is captured by ONS, which
makes ONS more detailed than the death information recorded in CPRD directly. ONS contains the date of
death recorded by the general register office, the underlying cause of death, and up to 15 contributory
causes of death whereas death recorded in CPRD only includes a death date that is calculated by CPRD
using an algorithm based on other patient information. This means that the death dates recorded in CPRD
are not always exact. Therefore, studies that include death as a main outcome should link CPRD with ONS.
Interestingly, a study investigating the accuracy of death recording in CPRD compared to ONS found that

69.7% of deaths were recorded on the same day in both databases. For those that were not, the majority
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of CPRD death dates were recorded within one month of the ONS death date, notably within one month
after the ONS date. This could be because of a delay in reporting death information to the GP, or a lack of

incentive or urgency for GPs to record a patient’s death in their GP records [138].
3.1.5.3 Index of Multiple Deprivation (IMD)

Lastly, socioeconomic deprivation data such as IMD can be linked to CPRD. IMD data includes deprivation
indices at the practice level, which is a weighted deprivation score based on factors such as income,
employment, education, health deprivation, crime, housing and living environment [139]. Deprivation
scores are calculated for each small area in England and are ranked from the most deprived areas (decile

1) to the least deprived area (decile 10).
3.1.6 Governance and approval

CPRD is joint venture from the Medicines and Healthcare Regulatory Agency (MHRA) and the National
Institute for Health Research (NIHR). It is owned by the UK Department of Health and operates within the
MHRA. CPRD itself has National Research Ethics Service Committee (NRES) ethnics approval for the
collection and supply of CPRD data and established linked databases for observational research [133].
CPRD must meet UK and European laws of confidentiality to protect patient identities because patient
consent has not been given. Therefore, patient identifiers are kept separate from any clinical data so that

CPRD and researchers are unable to identify patients from the data.

Prior to extracting CPRD data, approval from an Independent Scientific Advisory Committee (ISAC) is
required. Approval is needed because patient level data is being requested. To do this an ISAC form must
be submitted. The form describes the research project, the funding source for the study, specific details on
how and where the data will be accessed and processed and data linkages that will be required (see

appendix 3 for all ISAC approvals for the work performed in this thesis).
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3.2 Study design

Once all data files were downloaded, data were cleaned in order to ensure good quality using the patient
and practice level data quality markers described above. Consequently, a cohort of patients was created

using the data that met specific study criteria.

Each chapter within this thesis shared a common study design foundation. The main inclusion criteria for
each study required patients to 1) have a clinical diagnosis of COPD; 2) be current or ex-smokers; 3) be
aged 35 or older; and 4) have linked HES data. For most chapters, patients were also required to have at
least 2 FEV1 measurements at least 6 months apart to estimate rate of FEV; decline. The inclusion criteria
are based on the validated algorithm for COPD using CPRD data, the use of secondary care data to ensure

detailed variable information and having spirometry data to measure rate lung function decline [140].

Each study included 2 key study design dates: the index date and the end of follow-up date. The index date
was the date at which a patient’s follow-up started. This was the date at which patients met the main
inclusion criteria, a specific CPRD related criterion, a specific study related criterion, and had spirometry
recorded (where relevant). As an example, the index date could be the last date that the following criteria
were met: i) date of COPD diagnosis; i) current GP registration date, iii) UTS date; iv) date at which patient’s
turned 35; and v) had data recorded from the 1 January 2004. The 1% January 2004 was included as an
inclusion criteria because this was the date at which QOF was introduced and therefore data recorded after
this date (such as study outcomes) would be more reliable in terms of quality [141]. Where rate of FEV,
was the outcome of interest, the index date was the date at which the first FEV:; measurement was
recorded after all other criteria were satisfied. It is important to note that the first FEV: measurement, that
was recorded after the inclusion criteria was met, was not always the first FEV: recorded within the

patient’s historical data, but rather the first measurement included for analysis.

The end date was the date at which the study follow-up period ended. Data recorded after the patient’s
end date was not included for analysis. Patients were therefore censored at this date, at the latest,
depending on the study outcome. Patients’ end date was the first of the following dates: i) study end date,
such as the 31% December 2017, or otherwise; ii) date at which the patient died (if they died); or iii) the
date at which the patients transferred to a non-CPRD contributing GP practice. Figure 3.10 illustrates an
example of the basic study design used to investigate rate of FEV; decline as an outcome and how the index

date and end date were defined.
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Figure 3.10: Basic study design elements.

3.3 Study variables

In this thesis the main outcome and exposure variables included COPD, rate of FEV; decline, blood
eosinophils (EOS), ICS use, and CVD outcomes. These were defined using data from various data files within

CPRD as well as events recorded within HES and ONS where possible.
3.3.1 COPD

The COPD definition used in this thesis has been validated in CPRD GOLD and has been used to define COPD
cohorts in many previous studies [136, 142]. The positive predictive value of detecting COPD patients in
CPRD GOLD was 97.1% (95% Cl 80.2 to 99.6) when using a clinical COPD diagnosis code in patients with a
history of smoking over the age of 35 years old [140]. Following this validation study, COPD patients were
defined as patients with a clinical code for COPD, being aged 35 or older, and having a history of smoking.

See appendix 3 for clinical COPD codes.
3.3.2 Rate of FEV1decline

Rate of FEV; decline, the variable of interest in this thesis, was determined through repeated measures of
FEV: during a patient’s follow-up. In order to include patients who, have a sufficient number of FEV;
measurements, as well as follow-up time, patients were required to have at least 2 FEV: measurements at
least 6 months apart. Two FEV: measurements were needed to calculate rate of FEV; decline and a
minimum of 6 months of follow-up was required in order to estimate lung function decline over a

substantial length of time.
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FEV1 measurements were identified through spirometry test results found in CPRD data. Measurements
that were recorded in absolute units (ml or L) were identified. Over 75% of all FEV; measurements were
recorded in these units. Other units included percentages and uninterpretable units. All measurements
were transformed to ml to estimate ml/year for rate of lung function decline. Measurements that were
higher than 7 litres were excluded as the measurement was likely to be measurement error (94.8% of all
FEV1 measurements over follow-up were below 7 litres). In addition, if more than one measurement was

recorded on the same day, the highest value was identified and used.
3.3.3 EOS

EOS counts are recorded as part of the results from blood tests requested by GPs. EOS counts were
identified if they were recorded in cells/microlitre (ul) or as a percentage of the total white blood cell count.
EOS measurements recorded as a percentage of the total white blood cell count were converted to cells/ul
by multiplying the percentage by the total WBC count. In addition, baseline EOS measurements were
identified over a 2-year period prior to Index date. The closest EOS measurement to the index date was
identified and used as the baseline EOS count. A 2-year period was chosen following previous studies that
investigated the stability of EOS in CPRD GOLD. Studies found that EOS recorded in CPRD GOLD were
relatively stable over a two-year period after excluding individual EOS measurements that were within 4
weeks of an OCS and antibiotic [143, 144]. In addition, of patients who had repeated EQS, 80% of those
with an EOS less than 300cells/ul at baseline had an EOS less than 300cells/ul in the year after, further
highlighting the stability of EOS over 2 years [145]. Therefore, EOS measurements that were within 4 weeks
of a prescribed oral corticosteroid (OCS) or respiratory-related antibiotic (see appendix 3) were excluded
because they could have influenced a patient’s EOS level. OCS and respiratory-related antibiotic can be
prescribed to patients during an AECOPD episode where EOS would increase. Measurements during these

episodes were excluded to identify stable measurements.
3.34 CVD

A composite CVD outcome was used as the primary outcome for chapter 8. The individual components
included: i) Ml events; ii) HF events; iii) stroke events; iv) coronary artery disease (CAD) and angina events;
and v) atrial fibrillation (AF) events. These were identified in CPRD, HES, and ONS relating to GP treated
events, hospitalised events, and death from events, respectively. Events recorded within CPRD were found
using clinical diagnosis codes (see appendix 3). Events recorded in HES were found using ICD10 codes in
the first position for primary diagnosis of hospitalisation (appendix 3). Events recorded in ONS were found
using ICD10 codes for the primary cause of death (appendix 3). Events that were within 14 days of one
another were excluded because they were likely to be the same event. This is because HES and ONS events

can be relayed back to GPs and recorded in CPRD, sometimes with a lag phase. Whilst these events can be
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recorded in CPRD, the quality of these events within CPRD is poor and CPRD, HES, and ONS should be used

together to better identify events [136].

3.3.5 Covariates

Further covariates were identified and used as potential confounders and effect modifiers in the following
chapters. The following described how each of these variables were defined in CPRD, and where

appropriate in HES.
Gender and age in CPRD

Gender was identified in CPRD and coded as “males” and “females”. Age was defined at index date for each
study by calculating patient’s age at this date. Date of birth is not disclosed in CPRD because it is
identifiable. Therefore, an artificial date of birth was defined as the 1t July of the patient’s specific year of

birth. Age at index date was calculated as: (index date — artificial date of birth)/365.25.
Smoking status in CPRD

Smoking status at index date was defined as the closest recorded smoking status to the index date using

clinical codes for smoking status (see appendix 3) and prioritizes smoking status in the following order:
1) A smoking status recorded from one year prior to index date to one month after index date.

2) A smoking status recorded from one month to one year after index date.

3) A smoking status recorded any time before the index date to the year prior to index date.

4) A smoking status recorded from the year after the index date to any time after thereafter.

Smoking status was recorded as current or ex-smokers. Never smokers were not included following the

validated definition of COPD [140].
IMD

IMD is a database that was linked to CPRD and includes a weighted deprivation score as described in section
3.1.5.3. IMD was grouped into 5 categories where 1 represented the most deprived and 5 represented the

least deprived.
Ethnicity in HES

Ethnicity was identified in HES and was coded into the following groups: white, black, Asian, other.
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AECOPD events in CPRD and HES

AECOPD events were identified in CPRD and HES using validated algorithms [146, 147]. The following
algorithm provides a positive predictive value of 85.5% (95% Cl 82.7 — 88.3) and sensitivity of 62.9% (95%
Cl 55.4 —70.4) in CPRD [146]. In CPRD, AECOPD can be identified as one of the following:

1) a clinical code for an AECOPD event (found in Clinical file), which includes codes for lower respiratory
tract infections (LRTI);
2) a prescription of an OCS and respiratory-related antibiotic for 14 days;

3) atleast 2 of 3 symptoms relating to an AECOPD including breathlessness, cough, and sputum purulence.

AECOPD events that were within 14 days of one another were excluded because they were likely to be the
same events. In addition, AECOPD events that occurred on the same day as an annual review were excluded
to avoid duplication. It is important to note that using this algorithm alone would only identify moderate
AECOPD that are treated at the GP. Therefore, HES data was linked to CPRD in order to identify more severe
AECOPD that require hospitalisation. AECOPD events in HES have also been validated and AECOPD are
identified using ICD10 codes for acute lower respiratory tract infections, exacerbations of COPD, and acute
bronchiectasis (see appendix 3). Following this, any AECOPD events (identified from CPRD or HES) that
were within 14 days of one another were excluded as they were likely to be the same event. This is because
if a patient is hospitalised with an AECOPD their records can be relayed back to primary care where the
event is recorded using read codes in CPRD. The strength of using CPRD and HES together in identifying
AECOPD events is that a wide range of AECOPD severities can be captured, which allows a more complete
definition of AECOPD events. GP recorded events were considered “moderate” AECOPD events and
hospitalised events were considered “severe” AECOPD events. AECOPD events were consequently grouped

into categories summarising the frequency of AECOPD events in the first year of follow-up. Categories

included:
i) no events;
i) 1 moderate event and no severe events;
iii) 2 moderate events and no severe events;
iv) >3 moderate events and no severe events;
V) 1 severe event and any moderate events;
vi) >2 severe events and any moderate events.
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COPD related symptoms in CPRD

Breathlessness, chronic cough, and sputum production were COPD related symptoms identified in CPRD

through clinical diagnosis codes. These variables were all identified within 3 years prior to the index date.

Modified Medical Research Council (mMRC) dyspnoea in CPRD

mMRC dyspnoea was identified using clinical codes (see appendix 3). mMMRC codes were identified over a
5-year period close to study index date. Specifically, mMRC was identified within 3 years prior to index date
to 2 years after index date. A 5-year period was used to identify mMRC because it is commonly missing in
the data and is unlikely to change drastically over a maximum of 3 years. The closest recorded mMRC to

the index date was used.

FEV; percent predicted in CPRD

FEV: percent predicted was identified in CPRD from spirometry test codes (see appendix 3). The closest
FEV: percent predicted to the index date was identified and was often based off the first FEV; after the
index date that was used to calculate rate of FEV; decline. FEV; predicted was calculated using height, age,

and gender following standard equations [148]:
FEV: predicted for men: {(4.3 X height in meters) — (0.029 X age)} — 2.49

FEV: predicted for women: {(3.95 X height in meters) — (0.025 X age)} — 2.60

. . . . FEV1
FEV: percent predicted was calculated using the following calculation: - x 100
FEV1 predicted

FEV. percent predicted was used to define the severity of airflow obstruction based on the GOLD 2011
classification of COPD using post-bronchodilator spirometry alone. The following airflow obstruction
categories were defined:

i) Mild airflow obstruction (FEV; 280% predicted)

i) Moderate airflow obstruction (FEV; 80-50% predicted)

iii) Severe airflow obstruction (FEV; 50-30% predicted)

iv) Very severe airflow obstruction (FEV; <30% predicted).

COPD medications in CPRD

COPD medications were identified using prescription codes (see appendix 3) and categorized as ICS and
non-ICS containing medications. This meant that ICS monotherapy, ICS/LABA, and ICS/LABA/LAMA (in
either fixed or combination forms) were classed as ICS-containing medications. Any other COPD medication

(i.e. LABA, LAMA, SABA, SAMA) without evidence of ICS was classed as non-ICS-containing medication.
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Comorbidities in CPRD

The following comorbidities were identified in CPRD using clinical diagnosis codes (see appendix 3):
anxiety, depression, gastro-oesophageal reflux disease (GORD), bronchiectasis, lung cancer, heart failure,
stroke, and MI. Hypertension was identified using a combination of clinical diagnosis codes and
hypertension related prescriptions (Angiotensin-converting enzyme (ACE) inhibitors, beta blockers, calcium
channel blockers, diuretics, and vasodilators). Statin use was used as a proxy for high cholesterol and was
identified using prescription codes only. It is important to note that the CVD related comorbidities listed
here were identified in different ways to the main CVD outcome used in chapter 8. The comorbidities listed
here were used to adjust for confounding in models. All comorbidities were categorised as binary variables,

where patients either had the comorbidity or did not.

Body mass index (BMl) in CPRD
BMI was identified in two ways:
1) using test result data to identify BMI in kg/m?

2) using test result data to identify weight and height in order to calculate BMI in kg/m?2.

BMI that was calculated using weight and height was prioritized over BMI that was directly recorded in
CPRD in order to minimize measurement error. Calculated BMI that was <14kg/m? and >100kg/m? was
excluded. If the calculated BMI was missing (due to missing weight or missing height measurements), then
BMI that was recorded in CPRD directly was used. It is important to note that BMI and weight are poorly
recorded in CPRD and are commonly missing. For this reason, most chapters that include BMI as a covariate
define BMI over a 5-year period with the assumption that BMI would not change drastically over 5 years in

COPD patients. BMI was categorized into the following categories:

i) underweight (<18.5kg/m?)
ii) normal (18.5-25kg/m?)

iii) overweight (25-30kg/m?)
iv) obese (>30kg/m?)

History of asthma in CPRD

Asthma was identified using clinical codes (see appendix 3) and defined following previous work on the
distinction between current and historic asthma in CPRD [149, 150]. A history of asthma was defined as
having an asthma code any time before 2 years prior to index date. Current asthma was defined as having
an asthma code within 2 years prior to index date. Both current and historic asthma were defined as
“having asthma” and “not having asthma”. Both current and historic asthma were used depending on the

research question.
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Blood counts (other than EOS counts) in CPRD

WBC counts and neutrophil counts were identified using test data from blood test results. These were
identified in cells/pl.
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3.4 Statistical models

All data management and statistical models were run in STATA v16. The following statistical models were

used in the following chapters.
3.4.1 Logistic regression

Logistic regression was used to model a binary outcome. Specifically, this model was used to analyse the
outcome, accelerated lung function decline (1=yes, 0=no). This model gives an odds ratio (OR) which is the
odds (i.e., probability) of an outcome occurring given the exposure divided by the odds of an outcome
occurring in the absence of that exposure. For example, an OR of 1.5 means that the odds of an outcome
occurring is 50% more likely in those exposed compared to those not exposed. Logistic regression models
do not require a linear relationship between exposure and outcome and residuals (error terms) do not
need to be normally distributed. However, key assumptions exist and should be met by the logistic model:
i) the dependent variable (i.e., the outcome) must be binary; ii) observations must be independent from
each other which means that the outcome cannot include repeated observations; iii) there should be little
to no multicollinearity between the independent variables (i.e., exposure variables). This means that
variables should not be highly correlated with each other; and iv) there should be a linear relationship

between the independent variables and the log odds.
3.4.2 Mixed linear regression

Mixed linear regression models are used for hierarchical data (i.e., repeated observations within an
individual) whereby the outcome is linear. Specifically, this was used for analysing the outcome (or
exposure for chapter 8), rate of FEV; decline. Mixed linear regression models are commonly used for nested
data when one sample is nested within another sample and for longitudinal data that has repeated
observations over a period of time. This model was used to analyse rate of FEV; decline because the data
was structured hierarchically with repeated FEV; measurements recorded within individual patient’s data.
The term level 1 is given to the lowest level of the hierarchy, in this case it represents repeated FEV;
measurements recorded within a single patient. Level 2 is given to the next level up, in this case the highest

level, which was the patient identifier (see figure 3.11 for further detail).
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Figure 3.11: Hierarchical structure of the data.

Mixed models have both fixed and random effects. The fixed effects part of the model, like standard linear
models, includes terms that are constant across all individuals. For this part of the model, | included FEV;
measurements and a time variable for time since first FEV: measurement. The random effects part of the
model allows terms (i.e., variables) to vary across individuals. The random effects part of the model can
include terms for random intercepts and random slopes. | included terms for both random intercepts and
random slopes because it is likely that the first FEV; measurement and the rate at which FEV; changes
would vary between patients. For this reason, | included the patient identifier as the random intercepts
term and time since first FEV: measurement as the random slopes part of the model. Figure 3.12 illustrates
the difference between a mixed model with random intercepts only and a mixed model with random
intercepts and random slopes. Overall, the mixed linear model reported an estimate that represents the

change in FEV; in ml per 1 unit increase in time (year) giving an estimate for change in ml/year.
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A) Random intercept model B) Random intercept and random slope model
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Figure 3.12: Difference between a mixed linear model with a) random intercepts only, and b) random intercepts and random
slopes.

Notes: Green line represents example patient 1, red line represents example patient 2, blue line represents example patient 3,
black line representation the mean sample population

The random intercept and random slopes model were chosen a priori because in a real-world setting
patients’ lung function decline would naturally vary. Individuals would have different baseline lung function
and varying rates of decline. Despite this, the model was tested to see if it was the model of best fit to
estimate rate of FEV; decline given the data using the likelihood ratio (LR) test. Firstly, a mixed model with
random intercepts only was compared to a mixed model with both random intercepts and random slopes.
In all settings, mixed linear regression with random intercepts and random slopes best fit the data. In
addition, the two-level model (level 1-repeated FEV: measurements, level 2-patient identifier) was
compared to a three-level model (level 1-repeated FEV: measurements, level 2-patient identifier, level 3-
general practice). This was tested because it was possible that quality of spirometry varied across GP
practices in the UK. Across all settings the three-level model did not outperform the two-level model and
therefore, a two-level mixed linear regression model with random intercepts and random models was used
throughout this thesis where appropriate. In terms of the model assumptions, first, the outcome data
should be linear. Second, the variance of residuals should be equal across individuals (i.e., the level 2 level).

Third, the residuals must be normally distributed.

The linear mixed regression model also reported parameters of the variance of FEV; between patients and
the variance of FEV; within patients. This was used to describe the within patient variation in FEV; to
understand how variable FEV; was over time. Mixed linear regression models were also used to estimate
individual patient rates of lung function decline. This was performed in chapters where patients were
classed as patients with accelerated FEV; decline and patients without accelerated FEV; decline. To do this,

the following steps were taken: i) a crude mixed linear regression model was run; ii) the fitted linear value
87



of the outcome variable was predicted; iii) random effects residuals (i.e. the residuals for the random
intercept and the random slope) were predicted; and iv) coefficients for the rate of decline per patient was
generated by multiplying the mixed linear regression estimate by time and adding patients’ predicted
random slopes residual [151]. This generated a mean rate of FEV; decline per patient which was used to
categorise patients into those with accelerated FEV; decline and those without accelerated FEV; decline

using specific thresholds.

It is important to note that rate of FEV; decline is not linear in the short term as various factors can change
lung function. For example, AECOPD events can lead to a decline in FEV; in the short term which can
increase again with treatment [33]. Whilst events can influence lung function over the short term, the aim
of this thesis was to investigate the change in FEV; decline over the long term (i.e. over 10 years) and how
factors may be associated with the accelerated decline in lung function over long periods of time. In
addition, previous studies have used linear mixed models to estimate lung function decline over long
periods of time [17, 72, 152-154]. Therefore, a linear model was used to estimate lung function decline in

this thesis.
3.4.3 Cox and Poisson regression

Cox regression models were used to measure time to event outcomes. Specifically, this was used to analyse
CVD events as the outcome. Cox regression estimates a hazard ratio (HR) which is the hazard
(instantaneous risk) of an event occurring in the exposed group divided by the hazard of an event occurring
in the unexposed group. The main assumption of the Cox regression model is the proportional hazard
assumption. This assumes that the hazard function of the outcome is constant over time. Other model
assumptions include non-informative censoring of patients and independence of events. These
assumptions were tested in STATA for all Cox models. Poisson regression was used to investigate repeated

events over follow-up.
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Chapter 4
Exploring FEV1 decline in CPRD

EHR are increasingly used for epidemiological research including cohort studies and pragmatic trials

however, they are often viewed as lacking quality compared to randomized control trials and prospective
cohorts. Rate of FEV; decline is the main outcome of this thesis however, it is not yet known how robust
this is within EHR, specifically CPRD GOLD, the main data source used in this thesis. This exploratory work
was undertaken to understand the how variation in spirometry and rate of lung function decline differs by

the criteria used to define rate of lung function decline in COPD patients within CPRD.
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4.1 Introduction

EHR databases consist of data routinely collected as part of clinical care and are often used for
healthcare research. Whilst EHR databases have many strengths, one concern is that data are not
collected for the purpose of research and that when tests are undertaken, they are not done so at
routine intervals as they would be in a RCT, nor is the reason for a test being undertaken at that specific
point in time always known [75]. EHR databases differ from randomized control trials (RCTs) or
prospective cohort studies which have structured data collection where researchers attempt to collect
data are collected at specific times for research purposes, by specific healthcare technicians, with
specific equipment following specific protocols. EHRs are becoming increasingly used for

epidemiological research however, they are often viewed as lacking quality.

In studies of people with COPD, longitudinal spirometry measurements (e.g., FEV:) are often to
estimate lung function decline, a common marker of disease progression [155]. Unlike RCT and cohort
studies, the sporadic nature of lung function measurements recorded in EHR can lead to greater
apparent variation in lung function in COPD patients. This could be due to measurement error, the
number of measurements over follow-up, time intervals between measurements, follow-up time, and

the reason or time at which lung function measures are recorded by healthcare practitioners.

In CPRD spirometry measurements in COPD patients are performed during visits to the GP. The quality
and outcomes framework for COPD incentivizes GPs to perform spirometry every 15 months in COPD
patients [133]. A previous validation study of spirometry recordings in CPRD found that more than
96% of recordings had adequate quality whereby a valid interpretation could be made by a respiratory
physician [156]. Despite this, it is possible that other factors such as timings of measurements, time

intervals, and follow-up time could lead to differences in longitudinal changes in lung function decline.

| aimed to investigate how variation in FEV; and rate of FEV; decline differs by the criteria used to
define rate of FEV: decline. Specifically, how criteria around measurement error, the number of FEV;
measurements, time intervals between measurements, timing of measurements, follow-up time, and
use of linked data sets may lead to differences between COPD populations using CPRD. With the ever-
growing use of EHR data for cohort studies and pragmatic trials it is important to understand how

robust EHR derived lung function decline is as an outcome.
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4.2 Methods

4.2.1 Patient eligibility criteria

Patients were identified in CPRD-GOLD if they were over 35 years of age, were smokers or ex-smokers,
with linked HES data, and with a validated diagnosis of COPD [140]. Start of follow-up (index date) was
the date of the first FEV: measurement after the following criteria were met: i) COPD diagnosis; ii)
current registration date; iii) up-to-standard date; iv) date at age 35; and v) from 2004. End of follow-
up was the first date of the following: i) death date; ii) date at which the patient transferred to a non-
CPRD GP; oriii) the 315 December 2017. Figure 4.1 describes the study design used to create the base

population.
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Figure 4.1: Study design.

4.2.2 FEV1imeasurements

All FEV1 measurements recorded between the index date and end of follow-up were identified. FEV;
measurements were recorded in milliliters. Measurements recorded in liters were transformed to ml
and measurements that were higher than 7 liters were excluded (94.8% of all FEV: measurements

over follow-up were below 7 liters).
4.2.3 Patient populations

In order to understand how the variation in FEV; and rate of FEV; decline differs based on the criteria
used to define longitudinal FEV; decline, the following patient populations were created using specific

criteria:
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1) patients with at least two FEV: measurements at least six months apart (base population). A

minimum period of 6 months was chosen in order to estimate medium-term lung function decline;

2) patients in the base population excluding those who had an FEV; greater than 10%, 20%, and 30%
of their previous and subsequent FEV: measurement. These measurements were regarded as

potential measurement error and patients were hence excluded;

3) patients in the base population excluding individual FEV; measurements that were greater than
10%, 20%, and 30% of the previous and subsequent FEV: measurement. These measurements were

regarded as potential measurement error and were hence excluded;

4) patients in the base population excluding measurements that were within one week of an AECOPD

because AECOPD events are associated with decreased FEV; both before and after an AECOPD [157];

5) patients with at least three or four FEV: measurements, rather than two, of which at least two were
at least six months apart (with no other time constraint on the other measurements). At least three
and four measurements were chosen following RCT and cohort study measurements that often

require a certain number of measurements during follow-up at specific times;

6) patients with at least two FEV; measurements with at least six months or 1-year time intervals
between all measurements. This was chosen following the nature of RCTs and cohort studies whereby

spirometry measurements are recorded at regular intervals;

7) patients in the base population with at least 3 years of follow-up following the maximum length of

previous RCTs on lung function decline in COPD patients as seen in chapter 2 [115];

8) patients in the base population without linked HES data because only approximately 60% of CPRD

patients are eligible for HES linkage.

Figure 4.2 illustrates how each patient population was identified using spirometry measurements.
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Figure 4.2: Summary of criteria used to define each population.

Notes: 1: Patients with at least 2 FEV; measurements at least 6 months apart with linked HES data; 2: Excluding patients
with an FEV; greater than 10, 20, or 30% of the previous FEV; 3) Excluding measurements that are greater than 10, 20, Or
30% of the previous FEV; and subsequent FEV;; 4) Excluding measurements that are within 1 week of an AECOPD; 5) At
least 3 (or 4) FEV:; measurements with at least 2 at least 6 months apart; 6) FEV; measurements that are all at least 6
months (*or 1 year) apart; 7) At least 3 years of follow-up with at least 2 FEV; measurements at least 6 months apart; 8) At
least 2 FEV; measurements at least 6 months apart (regardless of linked HES data).

4.2.4 Statistical analysis

Baseline patient characteristics were described for all patient populations using means (standard
deviation [SD]), medians (interquartile range [IQR]), and proportions (%). Baseline characteristics
included age, gender, smoking status (smokers or ex-smokers), BMI (underweight, normal,
overweight, obese using standard categories), modified MRC dyspnoea (0-4), severity of obstruction
using FEV; percent predicted (FEV1>80% predicted, FEV1 50-80% predicted, FEV: 30-50% predicted,
and FEV1<30% predicted calculated using patient’s first FEV: measurement, height, and gender), and
AECOPD frequency and severity (none, 1 moderate and O severe, 2 moderate and O severe, >3
moderate and O severe, 1 severe and any moderate, and 22 severe and any moderate). Moderate
AECOPD were defined as GP treated AECOPD and severe AECOPD were defined as hospitalized
AECOPD. In addition, the median number of FEV; measurements (IQR and minimum/maximum

number) and follow-up-up time were described in each population.

Mixed linear regression was used to estimated rate of FEV; decline in ml/year. Random effects
included both random intercepts and random slopes allowing the intercept and rate of decline to vary
by patients. Models included an unadjusted model, a minimally adjusted model adjusted for age and

gender, an unadjusted model for patients with complete baseline covariates, and a fully adjusted
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model adjusted for age, gender, smoking status, BMI, mMRC, FEV; percent predicted, and AECOPD
frequency (complete case analysis). Within patient variation in FEV; (ml) was estimated from mixed

linear models.

In addition, a ninth population was used to describe the rate of FEV; decline using linear regression
rather than mixed linear regression to understand how clustering at the patient level influences rate
of FEV; decline. Linear regression models included an unadjusted model, a minimally adjusted model,
an unadjusted model for patients with complete baseline covariates, and a fully adjusted model
adjusted for the same covariates as those used in the mixed linear regression model. Similarly, RCTs
commonly use a baseline FEV; measurement and a follow-up measurement to describe the change in
FEV; over time. This method was used to compare the rates of decline against those estimated using
linear regression and mixed linear regression methods. This was calculated using patient’s first and
last FEV; over follow-up divided by the time between these two measurements (in years) to estimate

rate of FEV; decline in ml/year.
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4.3 Results

The numbers of patients included in each population varied because of the different criteria for
repeated FEV: measurements. Population eight included the greatest number of patients (N=125,682)
as it did not require linked HES data and population two included the fewest number of patients
because patients were excluded if they had an FEV; that was greater than 10% of their previous and
subsequent FEV; (N=29,058). Table 4.1 summarises baseline characteristics for all populations. All
populations were similar in terms of age, gender, smoking status, BMI, mMMRC, and AECOPD frequency.
However, population two included fewer severely obstructed patients and more mild COPD patients

(i.e., FEV1>80% predicted).

Table 4.2 summarises the minimum and maximum number of FEV; measurements in each population
and in patients with and without complete baseline data. Figure 4.3 illustrates the median number of
FEV: measurements in each population in patients (regardless of complete baseline data). Most
populations had a median of 4 FEV; measurements during follow-up however, patients in population
two (that excluded patients with an FEV; greater than 10% or 20% of previous and subsequent FEV;
measurements) had fewer FEV; measurements over follow-up with a median of 3. On the other hand,
population five that included patients with at least 4 FEV:; measurements had a median of 6

measurements over follow-up.
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Table 4.1: Baseline characteristics for all populations defined using different criteria for FEV decline.

Baseline characteristics

Population 1°

N=72,683

10%

Population 2

20%

30%

Population 3

20%

Population 4

N=70,887

Age

Females

Current smokers

BMI
Underweight
Normal
Overweight
Obese
missing

mMRC

A WN RO

missing
Airflow obstruction
Mild
Moderate
Severe
Very severe
missing
AECOPD
None
1 mod, 0 sev
2 mod, 0 sev
3+ mod, -0 sev
1 sev, any mod
2+ sev, any mod

66.7 (10.7)
33,417 (46.0)
43,902 (60.4)

2,353 (3.2)
20,445 (28.1)
20,017 (27.5)
14,749 (20.3)
15,119 (20.8)

8,098 (11.1)
15,887 (21.9)
9,550 (13.1)
4,533 (6.2)
787 (1.0)
33,828 (46.5)

18,267 (25.1)
33,452(46.0)
16,522 (22.7)
3,777 (5.2)
665 (0.9)

30,178 (41.5)
17,665 (24.3)
9,618 (13.2)
11,339 (15.6)
3,126 (4.3)
757 (1.0)

N=29,058
67.3 (11.1)
13,639 (46.9)
15,419 (53.1)

1,004 (3.5)
8,431 (29.0)
7,907 (27.2)
5,683 (19.6)
6,033 (20.8)

3,813 (13.1)
6,704 (23.1)
3,756 (12.9)
1,853 (6.4)
367 (1.3)
12,565 (43.2)

11,164 (38.4)

12,468 (42.9)

4,329 (14.9)
765 (2,6)
332 (1.1)

12,923 (44.5)
6,948 (23.9)
3,655 (12.6)
4,103 (14.1)
1,122 (3.9)
307 (1.1)

N=41,879
67.2 (10.9)
19,504 (46.6)
25,179 (60.1)

1,378 (3.3)
1,861 (28.3)
11,575 (27.6)
8,384 (20.0)
8,681 (20.7)

5,181 (12.4)
9,505 (22.7)
5,417 (12.9)
2,580 (6.2)
483 (1.2)
18,713 (44.7)

13,960 (33.3)

19,146 (45.7)

7,157 (17.1)
1,214 (2.9)
402 (1.0)

18,251 (43.6)
10,140 (24.2)
5.350 (12.8)
6,090 (14.5)
1,642 (3.9)
406 (1.0)

N=50,308
67.1(10.9)
23,364 (46.4)
30,267 (60.2)

1,617 (3.2)
14,203 (28.2)
13,953 (27.7)
10,146 (20.2)
10,389 (20.7)

6,040 (12.1)
11,281 (22.4)
6,478 (12.9)
3,301 (6.2)
564 (1.1)
22,844 (45.4)

15,356 (30.5)

23,465 (46.6)

9,363 (18,6)
1,657 (3.3)
467 (0.9)

21,583 (42.9)
12,232 (24,3)
6,482 (12.9)
7,509 (14.9)
2,011 (4.0)
491 (1.0)

10%
N=72,683

66.7 (10.7)
33,417 (46.0)
43,902 (60.4)

2,353 (3.2)
20,445 (28.1)
20,017 (27.5)
14,749 (20.3)
15,119 (20.8)

8,098 (11.1)
15,887 (21.9)
9,550 (13.1)
4,533 (6.2)
787 (1.1)
33,828 (46.5)

18,267 (25.1)
33,452 (46.0)
16,522 (22.7)
3,777 (5.2)
665 (0.9)

30,178 (41.5)
17,665 (24.3)
9,618 (13.2)
11,339 (15.6)
3,126 (4.3)
757 (1.0)

N=72,683
66.7 (10.7)
39,266 (54.0)
43,902 (60.4)

2,353 (3.2)
20,445 (28.1)
20,017 (27.5)
14,749 (20.3)
15,119 (20.8)

8,098 (11.1)
15,887 (21.9)
9,550 (13.1)
4,533 (6.2)
787 (1.1)
33,828 (46.5)

18,267 (25.1)
33,452 (46.0)
16,522 (22.7)
3,777 (5.2)
665 (0.9

30,178 (41.5)
17,665 (24.3)
9,618 (13.2)
11,339 (15.6)
3,126 (4.3)
757 (1.0)

30% '
N=72,683
66.7 (10.7)

39,266 (54.0)
43,902 (60.4)

2,353 (3.2)
20,445 (28.1)
20,017 (27.5)
14,749 (20.3)
15,119 (20.8)

8,098 (11.1)
15,887 (21.9)
9,550 (13.1)
4,533 (6.2)
787 (1.1)
33,828 (46.5)

18,267 (25.1)
33,452 (46.0)
16,522 (22.7)
3,777 (5.2)
665 (0.9

30,178 (41.5)
17,665 (24.3)
9,618 (13.2)
11,339 (15.6)
3,126 (4.3)
757 (1.0)

66.7 (10.7)
32,537 (45.9)
42,822(60.4)

2,258 (3.2)
19,895 (28.1)
19,573 (27.6)
14,405 (20.3)
14,756 (20.8)

7,990 (11.3)
15,579 (22.0)
9,335 (13.2)
4,350 (6.1)
739 (1.0)
32,894 (46.4)

17,855 (25.2)
32,794 (46.3)
16,009 (22.6)
3,601 (5.1)
628 (0.9)

29,990 (42.3)
17,268 (24.4)
9,324 (13.2)
10,705 (15.1)
2,945 (4.2)
655 (0.9)
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Table 4.1: Baseline characteristics for all populations defined using different criteria for FEV; decline (cont.)

Baseline characteristics

Age

Females

Current smokers

BMI
Underweight
Normal
Overweight
Obese
missing

mMRC

A WNF=O

missing
Airflow obstruction

Mild

Moderate

Severe

Very severe

missing
AECOPD*

None

1 mod, 0 sev

2 mod, 0 sev

3+ mod, -0 sev

Population 5

<3 FEV,
N=58,121
66.5 (10.5)

26,540 (45.7)

34,791 (59.9)

1,780 (3.1)
16,291 (28.0)
16,138 (27.8)
11,894 (20.5)
12,018 (20.7)

6,227 (10.7)
12,582 (21.7)
7,442 (12.8)
3,387 (5.8)
508 (0.9)
27,975 (48.1)

13,822 (23,8)

27,268 (46.9)

13,571 (23,4)
3,022 (5.2)
438 (0.8)

23,594 (40.6)
14,375 (24.7)
7,933 (13.7)
9,323 (16.0)

<4 FEV,
N=44,673
66.2 (10.2)

20,225 (45.3)

26,383 (59.1)

1,323 (3.0)
12,417 (27.8)
12,602 (28.2)
9,130 (20.4)
9,201 (20.6)

4,632 (10.4)
9,345 (20.9)
5,447 (12.2)
2,404 (5.4)
310 (0.7)
22,535 (50.4)

10,035 (22.5)
21,365 (47.8)
10,713 (24.0)
2,291 (5.1)
269 (0.5)

17,859 (40.0)
11,181 (25.0)
6,227 (13.9)
7,296 (16.3)

Population 6

<6 months

N=72,683

66.7 (10.7)
33,417 (46.0)
43,902 (60.4)

2,353 (3.2)
20,445 (28.1)
20,017 (27.5)
14,749 (20.3)
15,119 (20.8)

8,098 (11.1)
15,887 (21.9)
9,550 (13.1)
4,533 (6.2)
787 (1.0)
33,828 (46.5)

18,267 (25.1)
33,452(46.0)
16,522 (22.7)
3,777 (5.2)
665 (0.9)

30,178 (41.5)
17,665 (24.3)
9,618 (13.2)
11,339 (15.6)

<1 year
N=65,875
66.6 (10.7)
30,494 (46.3)
39,813 (60.4)

2,070 (3.1)
18,321 (27.8)
18,225 (27.7)
13,410 (20.4)
13,849 (21.0)

7,237 (11.0)
13,900 (21.1)
8,251 (12.5)
3,811 (5.8)
654 (1.0)
32,022 (48.6)

16,479 (25.0)
30,646 (46.5)
14,905 (22.6)
3,284 (5.0)
561 (0.9)

27,529 (41.8)
16,165 (24.5)
8,781 (13.3)
10,246 (15.6)

Population 7

N=59,185
66.4 (10.6)
27,541 (46.5)
35,496 (60.0)

1,800 (3.0)
16,399 (27.7)
16,451 (27.8)
12,133 (20.5)
12,402 (21.0)

6,133 (10.4)
11,924 (20.2)
7,026 (11.9)
3,237 (5.5)
517 (0.9)
30,348 (51.3)

14,661 (24.8)

27,671 (46.8)

13,461 (22.7)
2,942 (5.0)
450 (0.8)

24,284 (41.0)
12,631 (24.7)
8,115 (13.7)
9,373 (15.8)

Population 8

N=125,682
66.4 (10.7)
58,504 (46.6)
77,716 (61.8)

5,056 (4.0)
38,939 (31.0)
39,091 (31.1)
32,322 (25.7)

10,274 (8.2)

13,958 (11.1)
28,856 (23.0)
17,264 (13.7)
7,943 (6.3)
1,290 (1.0)
56,371 (44.9)

30,695 (24.4)

57,780 (46.0)

26,437 (21.0)
5,680 (4.5)
5,090 (4.1)

53,447 (42.5)
31,431 (25.0)
17,685 (14.2)
23,119 (18.4)
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1 sev, any mod 2,390 (4.1) 1,776 (4.0) 3,126 (4.3) 2,584 (3.9) 2,303 (3.9) n/a

2+ sev, any mod 506 (0.9) 334 (0.8) 757 (1.0) 570 (0.9) 479 (0.8) n/a
Note: Population 1: Patients with at least 2 FEV; measurements at least 6 months apart with linked HES data; Population 2: Excluding patients with an FEV; greater than 10, 20, or 30% of the previous FEVy;
Population 3) Excluding measurements that are greater than 10, 20, Or 30% of the previous FEV; and subsequent FEV;; Population 4) Excluding measurements that are within 1 week of an AECOPD; Population 5)
At least 3 (or 4) FEV; measurements with at least 2 at least 6 months apart; Population 6) FEV; measurements that are all at least 6 months (*or 1 year) apart; Population 7) At least 3 years of follow-up with at

least 2 FEV1; measurements at least 6 months apart; Population 8) At least 2 FEV; measurements at least 6 months apart (regardless of linked HES data). *AECOPD groups for cohort without HES linkage: none, 1
moderate any severe, 2 moderate any severe, 3+ moderate any severe. $Same for population 9.
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Table 4.2: Minimum and maximum number of FEV; measurements in each population.

Patients with and Patients with
without complete complete data
baseline
Population 1 (main population)* 2-55 2-42
Population 2 : Excluding patients with FEV; >x% of previous FEV;
10% 2-18 2-15
20% 2-24 2-21
30% 2-33 2-30
Population 3: Excluding FEV: measurements >x% of previous FEV;
10% 2-55 2-42
20% 2-55 2-42
30% 2-55 2-42
Population 4: Excluding measurements within 1 week of an AECOPD 2-40 2-26
Population 5: Patients with 2x FEV; measurements over follow-up
23 FEV1 measurements 3-55 3-42
24 FEV1 measurements 4-55 4-42
Population 6: Patients with measurements 2x months apart
26 months between FEV; measurements 2-17 2-15
21 year between FEV; measurements 2-11 2-10
Population 7: Patients with 23 years of follow-up 2-55 2-42
Population 8: Patients without HES linkage 2-55 2-42

Note: Population 1: Patients with at least 2 FEV; measurements at least 6 months apart with linked HES data; Population 2:
Excluding patients with an FEV/; greater than 10, 20, or 30% of the previous FEV;; Population 3) Excluding measurements that
are greater than 10, 20, Or 30% of the previous FEV; and subsequent FEV1; Population 4) Excluding measurements that are
within 1 week of an AECOPD; Population 5) At least 3 (or 4) FEV: measurements with at least 2 at least 6 months apart;
Population 6) FEV; measurements that are all at least 6 months (or 1 year) apart; Population 7) At least 3 years of follow-up
with at least 2 FEV; measurements at least 6 months apart; Population 8) At least 2 FEV; measurements at least 6 months
apart (regardless of linked HES data). *Population 9 includes the same patients included in population 1.

Median number of FEV1 measurements
(IQR)
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Figure 4.3: Median number of FEV; measurements in each patient population. Note: Population 1: Patients with at least 2
FEV: measurements at least 6 months apart with linked HES data; Population 2: Excluding patients with an FEV; greater
than 10, 20, or 30% of the previous FEV1; Population 3) Excluding measurements that are greater than 10, 20, Or 30% of the
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previous FEV; and subsequent FEV1; Population 4) Excluding measurements that are within 1 week of an AECOPD;
Population 5) At least 3 (or 4) FEV; measurements with at least 2 at least 6 months apart; Population 6) FEV;
measurements that are all at least 6 months (or 1 year) apart; Population 7) At least 3 years of follow-up with at least 2
FEV; measurements at least 6 months apart; Population 8) At least 2 FEV; measurements at least 6 months apart
(regardless of linked HES data). *Population 9 includes the same patients included in population 1.

Unadjusted, minimally adjusted and fully adjusted mean rates of FEV: decline for each population are
shown in figure 4.4, figure 4.5, figure 4.6, and figure 4.7. When comparing unadjusted, minimally
adjusted, and fully adjusted rates of FEV; decline between all patient populations, mean rates of
decline were similar across all patient populations except for population two (i.e., exclusion of patients
with FEV; greater than a) 10%, b) 20%, and c) 30% of previous and subsequent FEV; measurements)
and population nine, which included the main population but used linear regression rather than mixed
linear regression. Minimally adjusted rates of FEV; decline in population one, and three-eight ranged
from -18.7 ml/year (95% Cl -19.2 to -18.2) to -16.5 ml/year (95% Cl -17.3 to -15.7). The mean rates of
FEV: decline for population two was -79.4 ml/year (95% Cl -80.7 to -78.2) excluding those with an FEV;
greater than 10% of their previous FEV;, -57.1 ml/year (95% Cl -58.0 to -56.2) excluding patients with
an FEV; greater than 20% of their previous FEV1, and -46.8 ml/year (95% Cl -47.6 to -46.0) excluding
patients with an FEV; greater than 30% of their previous FEV1. Unadjusted rates of decline were similar
to minimally adjusted rates. The unadjusted rate of decline in population nine, which used linear
regression, was -12.2 ml/year (95% Cl -13.0 to -11.4), whilst the minimally adjusted rate of decline was

-18.6 ml/year (95% Cl -19.2 to -17.9).

Fully adjusted rates of FEV; decline in population one and three-eight ranged from -14.6 ml/year (95%
Cl -15.7 to -13.6) to -9.8 ml/year (95% Cl -11.5 to -8.1). Fully adjusted mean rates of FEV; decline for
population two was -94.9 ml/year (95% Cl -97.5 to -92.3) excluding those with an FEV; greater than
10% of their previous FEV1, -64.3 ml/year (95% Cl -66.1 to -62.5) excluding those with an FEV; greater
than 20% of their previous FEV1, and -51. 4ml/year (95% Cl -53.0 to -49.8) excluding those with an FEV;
greater than 30% of their previous FEV1. The fully adjusted mean rate of decline using linear regression

was -21.6 ml/year (95% Cl -22.6 to -20.5).

Unadjusted rates of decline in patients with complete baseline data were similar to fully adjusted rates
in models using mixed linear regression. It is important to note that unadjusted and minimally adjusted
models differed by patient numbers compared to fully adjusted models and unadjusted models
including only baseline with complete baseline data. This is because complete case analysis was used
in fully adjusted models. Fully adjusted complete case analyses included fewer patients due to missing

BMI, mMRC, and height (to calculate FEV;: percent predicted).
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Lastly, the rate of FEV: decline was assessed in population 1 using patients first and last FEV;
measurements only. Overall, the mean unadjusted rate of FEV; decline using this method was -16.4

ml/year (SD 246.5).
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Populations Patient Mean rate of FEV, decline
N (unadjusted)
(ml/year with 95% Cl)

Main population 72,683 -17.7 (-18.4 to -16.9) u
Excluding patients with FEV1 >X% of previous: >10% 29,058 -79.4 (-80.7 t0 -78.2) -

>20% 41,879 -56.5 (-57.4 t0 -55.6) [l

>30% 50,308 -46.9 (-47.7 to -46.1) u
Excluding FEV1 measurements >X% of previous: >10% 72,683 -17.8 (-18.6 to -17.1) |

>20% 72,683 -18.0 (-18.8 t0 -17.2) :

>30% 72,683 -19.0 (-17.2 to -18.2)
Excluding measurements within one week of an AECOPD 70,887 -18.2 (-17.9 to -16.4) u
Patients with 23 FEV1 measurements over follow-up 58,121 -17.3 (-18.0 to -16.5) ]
Patients with =4 FEV1 measurements over follow-up 44,673 -16.4 (-17.2 to -15.5) -
Patients with measurements =6 months apart 72,683 -16.8 (-17.6 to -16.1) =
Patients with measurements =1 year apart 65,875 -16.9 (-17.7 to -16.1)
Patients with =3 years of follow-up 59,185 -17.7 (-18.4 t0 -16.9) L
Patients without HES linkage 125,682 -18.6 (-19.2 to -18.0) u
Main population using linear regression 72,683 -12.2 (-13.0 - -11.4)

-100 -80 -60 -40 -20 20

Figure 4.4: Unadjusted rates of FEV; decline.
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Populations Patient Mean rate of FEV, decline
N (age and sex adjusted)
(ml/year with 95% CI)

Main population 72,683 -18.0 (-18.7 to -17.2) u
Excluding patients with FEV1 >X% of previous: >10% 29,058 -79.4 (-80.7 to -78.2) -

>20% 41,879 -57.1 (-58.0 to -56.2) |

>30% 50,308 -46.8 (-47.6 to -46.0) u
Excluding FEV1 measurements >X% of previous: >10% 72,683 -17.9 (-18.6 to -17.1) o]

>20% 72,683 -18.1 (-18.9 to -17.4) :

>30% 72,683 -18.3 (-19.0 to -17.5)
Excluding measurements within one week of an AECOPD 70,887 -17.5 (-18.2 to -16.8) W
Patients with =3 FEV1 measurements over follow-up 58,121 -17.2 (-18.0 to -16.5) ..
Patients with 24 FEV1 measurements over follow-up 44,673 -16.5 (-17.3 to -15.7)
Patients with measurements >6 months apart 72,683 -17.1 (-17.9 to -16.4) :
Patients with measurements 21 year apart 65,875 -17.2 (-18.0 to -16.4)

[}
Patients with =3 years of follow-up 59,185 -17.7 (-18.4 to0 -16.9)
Patients without HES linkage 125,682 -18.7 (-19.3 to -18.2) "
Main population using linear regression 72,683 -18.6 (-19.2 to -17.9) u
-100 -80 -60 -40 -20 20

Figure 4.5: Minimally adjusted rates of FEV; decline.

Note: Adjusted for age and sex.
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Populations Patient Mean rate of FEV, decline
N (unadjusted with complete baseline data)
(ml/year with 95% Cl)

Main population 30,621 -12.5(-13.9 to -11.1) -
Excluding patients with FEV1 >X% of previous: >10% 13,066 -92.4 (-94.8 to -90.1) -

>20% 18,348 -63.6 (-65.3 t0 -61.9) e

>30% 21,755 -50.3 (-51.7 to -48.8) [ 1
Excluding FEV1 measurements >X% of previous: >10% 30,621 -11.7 (-13.2 to -10.2) -

>20% 30,621 -12.1(-13.5 to -10.9) [ ¢

>30% 30,621 12.3(-13.8 to -10.9) -
Excluding measurements within one week of an AECOPD 29,924 -12.0 (-13.5 to -10.6) i
Patients with 23 FEV1 measurements over follow-up 23,696 -11.8 (-13.2 to -10.3) [ 3
Patients with =4 FEV1 measurements over follow-up 17,350 -11.5 (-13.0 to -10.0) Ll
Patients with measurements =6 months apart 30,621 -11.4 (-12.9 to -10.0) il
Patients with measurements =1 year apart 26,556 -11.2 (-12.7 to -9.6) o
Patients with =3 years of follow-up 22,627 -12.2 (-13.6 t0o -10.7) L
Patients without HES linkage 67,391 -14.0 (-15.0 to -13.1) [}
Main population using linear regression 30,621 -17.7 (-19.3 to -16.2) -

-100 -80 -60 -40 -20 0 20

Figure 4.6: Unadjusted rates of FEV; decline in patients with complete baseline data.
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Populations Patient Mean rate of FEV, decline
N (fully adjusted)
(ml/year with 95% Cl)

Main population 30,621 -11.6 (-13.1 to -10.1) [ il
Excluding patients with FEV1 >X% of previous: >10% 13,066 -94.9 (-97.5 t0 -92.3) i

>20% 18,348 -64.3 (-66.1 t0 -62.5) ik

>30% | 21,755 51.4 (-53.0 to -49.8) ek
Excluding FEV1 measurements >X% of previous:  >10% | 30,621 -11.6 (-13.2 to -10.0) :

>20% 30,621 -10.9 (-12.4 to -9.3) )

>30% 30,621 -12.3 (-13.9 to -10.7)
Excluding measurements within one week of an AECOPD 29,924 -11.2 (-12.7 t0 -9.7) w
Patients with 23 FEV1 measurements over follow-up 23,696 -11.8 (-13.4 to -10.2) :
Patients with =4 FEV1 measurements over follow-up 17,350 -11.1 (-12.7 to -9.5)
Patients with measurements =6 months apart 30,621 -10.1 (-11.7 to -8.6) :
Patients with measurements =1 year apart 26,556 -9.8 (-11.5 to -8.1)
Patients with =3 years of follow-up 22,627 -12.1 (-13.7 to -10.5) -
Patients without HES linkage 67,391 -14.6 (-15.7 to -13.6) L
Main population using linear regression 30,621 -21.6(-22.6 to -20.5) ]

-100 -80 -60 -20 20

Figure 4.7: Fully adjusted rates of FEV; decline.
Notes: Adjusted for all baseline covariates.
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Table 4.3 describes the mean within patient variation in FEV; for each population and each model
(unadjusted, minimally adjusted, unadjusted in patients with complete baseline data, and fully adjusted
models). All models within each population showed similar within patient variation estimates and ranged
from 328.5ml to 345.8ml in all populations other than population two and three. Population two had the
lowest mean within patient variation and ranged between 184.6ml to 201.2ml. Population three had the
second lowest mean within patient variation and ranged between 292.4ml to 299.2ml depending on the

adjustment of the model.

Table 4.3: Mean within patient variation in ml (and 95% Cl) for each population and each model.

Mean within patient variation in FEV; (ml) (95% Cl)

Unadjusted Minimally Unadjusted Fully adjusted*
adjusted with complete
(age, gender) baseline data

Population 1 337.5 337.6 337.5 335.7
(336.6-338.5) (336.7-338.6) (335.9-339.1) (334.1-337.2)

Population2  (10%) 193.7 193.6 185.2 184.6
(192.4-195.1) (192.2-194.9) (183.2-187.3) (182.6-186.7)

(20%) 189.8 189.7 185.4 184.8
(188.9-190.7) (188.7-190.6) (183.9-186.8) (183.3-186.2)

(30%) 201.2 201.1 197.1 196.5
(200.3-202.0) (200.3-201.9) (195.8-198.4) (195.2-197.8)

Population3  (10%) 292.4 292.6 295.3 293.3
(291.6-293.3) (291.7-293.5) (293.8-296.8) (291.8-294.8)

(20%) 292.5 292.6 295.4 293.5
(291.6-293.4) (291.8-293.5) (193.9-296.8) (292.1-295.0)

(30%) 296.7 296.8 299.2 297.4
(295.8-297.5) (295.9-297.7) (297.7-300.6) (296.0-298.8)

Population 4 334.3 334.4 334.0 332.2
(333.3-335.3) (333.4-335.4) (332.4-335.7) (330.6-333.9)

Population 5 (23) 337.0 337.1 336.7 335.2
(336-338) (336.1-338.1) (335.0-338.3) (333.6-336.9)

335.7 335.8 334.8 333.9
(24) (334.7-335.8) (334.8-336.8) (333.1-336.5) (332.2-335.5)

Population 6 339.7 339.8 339.7 337.1
(26 months) (338.6-340.8) (338.7-340.9) (337.9-341.5) (335.3-338.8)

(21 year) 345.5 345.8 343.3 338.6
(344.1-346.9) (344.4-347.2) (340.9-345.8) (336.2-341.0)

Population 7 335.5 335.6 334.7 333.3
(334.5-336.5) (334.6-336.6) (333.0-336.3) (331.6-335.0)

Population 8 328.5 328.5 3294 332.5

(327.8-329.2)

(327.8-329.6)

(328.3-330.4)

(331.1-333.9)

Note: Population 1: Patients with at least 2 FEV; measurements at least 6 months apart with linked HES data; Population 2:
Excluding patients with an FEV; greater than 10, 20, or 30% of the previous FEV;; Population 3) Excluding measurements that are
greater than 10, 20, Or 30% of the previous FEV; and subsequent FEV1; Population 4) Excluding measurements that are within 1
week of an AECOPD; Population 5) At least 3 (or 4) FEV; measurements with at least 2 at least 6 months apart; Population 6) FEV;
measurements that are all at least 6 months (or 1 year) apart; Population 7) At least 3 years of follow-up with at least 2 FEV;
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measurements at least 6 months apart; Population 8) At least 2 FEV; measurements at least 6 months apart (regardless of linked
HES data). *Adjusted for all baseline covariates.

4.4 Discussion

This piece of work set out to describe potential differences in patient characteristics, FEV; variability and
rates of FEV; decline between COPD populations defined using different requirements around FEV;
measurements in routinely collected data using CPRD. Specifically, how different definitions around
measurement error, number of measurements, time intervals between measurements, follow-up time,
and secondary care data linkage can lead to the selection of potentially different study populations. Overall,
regardless of the number of FEV; measurements, time intervals between measurements, follow-up time,
and secondary care data linkage, patient demographics, within patient FEV; variability, and rates of FEV;
decline remained consistent. Similarly, results were consistent in populations that excluded individual FEV,
measurements that were likely due to measurement error. However, excluding patients (rather than
individual measurements) with likely measurement error led to the exclusion of a specific group of COPD
patients; severely obstructed patients (low FEV; percent predicted). In addition, using mixed linear
regression provided estimates that were different to those using linear regression, suggesting that
clustering at the patient level is important when investigating rate of FEV; decline in routinely collected

data.

Population two (those who were excluded due to potential measurement error) had faster rates of FEV;
decline. More patients with low FEV; percent predicted were excluded in this population which meant that
there were more patients with milder COPD (higher FEV: percent predicted) than all other populations.
Previous studies have suggested that rates of FEV; decline are faster in COPD patients with milder disease
because they have more absolute lung function to lose at baseline than those with severe disease [34]. This
is also consistent with the hypothesis that patients with lower FEV: percent predicted are more likely to
have poorly recorded spirometry (potential measurement error). It is possible that patients with more
severe disease, and lower FEV; percent predicted, were more likely to perform poor spirometry which
might have contributed to the high variation seen in this group of patients. Whilst the best of three
spirometry recordings should be recorded by healthcare practitioners, it is possible that only one

spirometry is performed and recorded if patients are too severe to perform three in a row.

It is also important to note that fewer patients were included in models including patients who had
complete baseline covariate data. In CPRD-GOLD this is due to the lack of consistent recording of BMI and
mMRC. Fully adjusted analyses produced slower mean rates of FEV; decline compared to crude or
minimally adjusted rates of decline. However, in the population that excluded patients due to potential
measurement error (population two) fully adjusted mean rates of FEV; decline were faster than crude and

minimally adjusted models. Patient populations that excluded patients with potential measurement error
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and who had complete baseline data included slightly milder patients than the same population regardless
of complete baseline data. On the other hand, all other patient populations that had complete baseline
data included slightly more severe patients than the same populations regardless of complete baseline
data. This is consistent with the theory that milder COPD patients might have faster rates of FEV; decline
due to initial lung function [34]. Therefore, it is possible that missing baseline variables could influence the

type of patients included in a study, and the rate of FEV; decline.

In terms of within patient variation, most populations were similar except for population two, where
patients were excluded if they had potential measurement error, and population three, where individual
measurements were excluded if they were thought to be biased by measurement error. Interestingly,
whilst excluding individual measurements at higher risk of error decreased within patient variation, it did
not change the mean rate of FEV;decline. With this in mind, rates of FEV; decline in all subsequent chapters
were estimated using all FEV: measurements that were no greater than 7 liters in order to use as much

data as possible.

Lastly, simple linear regression provided estimates that were slightly faster than those using mixed linear
regression. Previous studies have used linear regression to describe the rate of FEV; decline [17, 158, 159].
The limitation to this model is that within and between patient variation is not taken into consideration by
the model. If similar types of patients are included and FEV;: is not highly variable within or between
patients, then linear regression can be sufficient. However, due to the nature of CPRD, a routinely collected
EHR, a wide variety of phenotypes can exist, and measurement error is possible therefore, mixed linear

regression should be used to take into account FEV; variation.

Previous studies (notably RCTs) have also estimated change in FEV; using two FEV: measurements, one at
baseline and one at follow-up [160, 161]. The nature of RCTs ensure that patients are similar in all arms of
the trial, other than the intervention of interest, and confounding is adjusted for by the study design.
However, in CPRD, and other EHRs, this method could be easily biased by measurement error, change in
maintenance therapies during follow-up, AECOPD events during follow-up, and other everyday primary
care factors. This method in estimating change in FEV; would require the two measurements to be accurate
and not be recorded close to AECOPDs, changes in medication, etc. Overall, in order to use as much data
as possible over follow-up, and to consider varying changes in individual patient decline and initial lung

function, mixed linear regression should be used when studying FEV; using EHR.

4.5 Conclusion

Overall, the quality of FEV; in CPRD is adequate for the purpose of studying FEV: decline. Regardless of
potential measurement error, number of FEV: measurements, time intervals between measurements,
follow-up period, exclusion of specific FEV: measurements, and linkage to secondary care data, FEV;:

variability and rate of FEV; decline remained similar in a COPD population using mixed linear regression.
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This suggests that CPRD is a good resource for investigating rate of FEV; decline in epidemiological studies.
However, attention should be made around the difference in rate of FEV: decline and patient

characteristics when excluding individuals with questionable data.
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Chapter 5
Rate of FEV; and factors associated with
accelerated decline

The rate of FEV1 decline in a general population of COPD patients who are routinely seen in clinical practice
has not been investigated in detail. This chapter aims to describe the rate of decline in this population and
investigate baseline patient characteristics associated with the rate of FEV, decline, specifically accelerated
rate of FEV; decline, to identify COPD patients more likely to have faster lung function decline. The work

described in this chapter has been published in the International Journal of COPD [162].
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5.1 Introduction

Rate of FEV; decline has been investigated in various settings in people with COPD. However, previous
literature shows inconsistent evidence depending on the setting. Previous RCTs have shown that the mean
rate of FEV; decline in COPD patients is approximately -40 ml/year but most RCTs have strict inclusion and
exclusion criteria, leading to inclusion of selected populations of COPD patients whose rates of decline may
not be generalisable to the wider population of COPD patients [27, 32, 38, 72]. Recently, a study found that
between 2.3% to 46.7% of COPD patients from a French COPD cohort, using Initiative-BPCO data, would
have met the eligibility criteria for 16 RCTs that aimed to investigate effects of treatment on AECOPDs
(mean eligibility rate 16.5% [95% Cl 9.2 — 23.7]) [44]. Observational studies report a lower mean rate of
FEV; decline compared to those seen in RCTs. For example, the ECLIPSE study reported a mean FEV; decline
of -33.2 ml/year in COPD patients aged 40 to 75 with a history of smoking [17]. Authors also found that the
change in rate of FEV; in COPD patients was heterogeneous and varied from as much as -100 ml/year to
+50 ml/year. As with the ECLIPSE study, the BODE study found that the change in rate of FEV; in COPD
patients was heterogeneous and approximately 82% of patients had a non-significant decline in FEV; with
a mean decline of -28 ml/year [28]. Further observational studies have found declines ranging from -12.6

ml/year to -27 ml/year in COPD patients [29, 30].

In terms of factors that are associated with rate of FEV; decline, frequent or severe AECOPD have been
identified as a main risk factor for accelerated decline, notably in RCTs [32, 33, 73]. In addition, several RCTs
have identified ICS as a type of COPD medication that reduces the rate of FEV; decline [89, 104, 112]. Other
characteristics associated with lung function decline include higher age, lower baseline FEV;, current
smoking status, and lower BMI and these have been observed to be important not only in COPD populations

but in general populations also [32, 33, 163].

Although previous studies have described the rate of FEV: decline in COPD populations and have
investigated associations between patient characteristics and rate of decline, no studies have investigated
this in a generalisable population of primary care COPD patients. In addition, few studies have investigated
the association between comorbidities in COPD patients and the rate of FEV: decline and other clinical
characteristics such as medications (other than RCTs), COPD related symptoms, and patient demographics.
This chapter aimed to describe the rate of FEV; decline in a primary care population of COPD patients and
investigate the relationship between baseline patient characteristics and rate of FEV; decline, specifically

accelerated FEV; decline.
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5.2 Methods

5.2.1 Study population & study design

CPRD-GOLD and HES were used. Patients were included if they had been diagnosed with COPD, were
current or ex-smokers, were aged 35 or older, had at least two FEV: measurements at least 6 months apart,
and had linked HES data (leading to the inclusion of only patients in England). Start of follow-up was from
the first FEV: measurement after: i) COPD diagnosis; ii) current GP registration date, ii) date at which data
were deemed to be of research standard (up-to-standard); iii) data up-to-standard which is date, date at
which they turned 35, or the 1% January 2004. End of follow-up was the 315 December 2017 or earlier if
they died or left the GP. Figure 5.1 illustrates the study design in more detail.

1%t January 2004 31t December 2017

| %
4 . . . YVA\\7 26 months . %‘:
\ )

A

Stait of \ } Last FEV,
measurement
follow-up
Y date: 15t FEV, Y
15t COPD diagnosis, current registration date, up-to- ~ Measurement Follow-up period: time between index
standard date, date at age 35 date and last FEV,; measurement to

examine the rate of FEV, decline

End of patient follow-up date: on 315
December 2017 death, leaving GP

Figure 5.1: Study design.

5.2.2 Exposure variables

Exposure variables were chosen a priori and were based on patient demographics, COPD related symptomes,
common comorbidities of COPD, COPD severity, and type of COPD medication which are all recorded in
primary or secondary care and could influence patent’s rate of lung function decline. See chapter 3 for
more detailed information on definitions of baseline characteristics. Baseline patient demographics
included age, gender, smoking status, and socioeconomic status measured using IMD. Symptoms included
self-reported breathlessness, chronic cough, and sputum production 3 years prior to index date. Baseline
history of comorbidities included M, ischaemic stroke, lung cancer, and bronchiectasis all identified any
time prior to index date. HF, GORD, anxiety, and depression were identified within three years prior to
index date and history of asthma was identified as asthma recorded earlier than two years prior to index
date. Finally, BMI was defined as the closest BMI recorded to index date from three years prior to two years

after. COPD severity included mMRC dyspnoea score (defied as the closest measurement three years prior

112



to two years after index date), airflow obstruction (using baseline FEV1 % predicted), and AECOPD frequency
and severity in the year prior to the index date. COPD medications included any ICS-containing medications

and any non-ICS containing medications in the year prior to index date.
5.2.3 FEVidecline

The outcome was accelerated decline in FEV; over time. This was identified through spirometry recorded
at the GP. Spirometry measurements were identified between the index date and the end of follow-up.
Previous work suggests that regardless of the number of FEV; measurements, time intervals between
measurements, follow-up period, exclusion of specific FEV: measurements, and linkage to secondary care
data, rate of lung function decline remains similar in a COPD population defined by recorded primary care
diagnosis of disease (see chapter 4). Rates of FEV; decline were estimated using mixed linear regression
models. Patients were dichotomised into those with accelerated decline (those in the fastest quartile) and
patients without accelerated decline [34, 164, 165]. A dichotomous rate of FEV; decline was used as this
may be a more meaningful outcome for decision making in primary care and these definitions had been

used in previous studies.
5.2.4 Statistical analyses
Main analysis

Baseline characteristics were described for the total population and those with accelerated and non-
accelerated FEV; decline using proportions (%) and mean (SD). Univariate logistic regression was used to
investigate the association between baseline characteristics that were chosen a priori and accelerated rate
of FEV:1 decline. Univariate logistic regression was performed in patients with complete baseline data only.
Multivariate logistic regression was used to investigate the associations between all baseline characteristics
and were adjusted for all other characteristics and FEV; at index date. Baseline characteristics included the
demographics age, gender, smoking status (current or ex-smoking), and socioeconomic deprivation (IMD).
Symptoms included breathlessness, chronic cough, and sputum production. Comorbidities included a
history of anxiety, depression, GORD, bronchiectasis, lung cancer, heart failure, stroke, myocardial
infarction, asthma, and most recent BMI (underweight, normal, overweight, obese). COPD severity
characteristics included mMRC dyspnoea score, FEV; percent predicted at baseline (mild: >80% predicted;
moderate: 50-79% predicted; severe: 30-49% predicted; and very severe: <30% predicted), frequency and

severity of AECOPD and ICS use in the year prior to index date.
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Sensitivity analyses

Sensitivity analyses were conducted included different thresholds for accelerated FEV: decline. These
included:

1) The median rate of decline
2) -40ml/year, previously indicated by RCTs [17, 28]
3) Linear rate of FEV; decline using mixed linear regression adjusted for all baseline characteristics.

Bonferroni correction was used because multiple hypotheses were tested (i.e., whether each baseline
characteristic was associated with rate of FEV; decline or odds of accelerated FEV; decline) in separate
models. The Bonferroni correction test applies a more stringent p value to protect tests from type 1 errors
(i.e. the probability of detecting a false positive due to multiple testing). In this case the threshold for
significance was alpha (a=0.05) divided by the number of hypotheses tested (n=21), resulting in a threshold
for significance of p=0.002. Test for linear trends were performed for categorical variables. | will refer to
baseline characteristics that were associated with FEV; decline in at least two of the four analyses (both the

main analysis and three sensitivity analyses) as “consistently” associated with FEV; decline.

Sample size considerations

Sample size calculations were based on the rate of change in FEV;. Calculations by Schlesselman (1973)

were used which considered repeated measures of FEV; over time:
N =[2(Z,,,+Z;)*{6; +12(P-1)6* /[D*P(P+1)]}/ A’

Overall, Zo/2 and Zg (the unit normal deviates for errors type | and type Il) for an alpha value of 0.05 and a
power beta value of 0.8 were 1.96 and 0.84 respectively. The variance associated with the rate of FEV;
decline (0%) was assumed to be 313ml. The within subject variance (02) was assumed to be 313ml. The
median number of measurements in the study (P) was estimated as 3, and the median duration of the study

(D) was estimated at 4.8 years.

The number of patients required, according to the formulae above, using these estimates, with enough
power to detect a unit difference of A is shown in table 5.1. For example, to evaluate a change in 2 mL/year

a sample of 55,293 was needed.
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Table 5.1: Sample size considerations.

A (ml/year) Total sample (N)

2 55,293
3 24,575
4 13,824
5 8,847
7 4,514
10 2,212
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5.3 Results

In this study 72,683 COPD patients had at least 2 FEV; measurements at least 6 months apart. Figure 5.2

illustrates the proportion of patients included. The median follow-up time was 5.8 years (IQR 3.6-8.5) and

median number of FEV; measurements over the study period was 4 (IQR 3-7). Table 5.2 illustrates baseline

characteristics for study population. Men, current smokers, patients with a history of asthma and patients

with low baseline FEV; percent predicted were more likely to be in the accelerated decline group. In this

primary care COPD population, the unadjusted mean rate of FEV; decline was -17.7 ml/year (95% Cl: -18.4

to -16.9). The median rate of FEV; was - 18.1 ml/year (IQR: - 31.6 to - 6.0).

All patients in the NHS

}

Patients diagnosed with COPD in CPRD aged 35 or older
between 2004-2018
N=242,282

|

COPD patients in CPRD, aged 35 or
older, with HES linkage
N=134,483

!

Current or ex-smok}ers
N=124,587

!

COPD patients with at least 1 FEV,
measurement during follow-up
N=100,943

!

N=72,683

COPD patients with atleast 2 FEV; measurements
at least 6 months apart during follow-up

|

}

Accelerated FEV, decline
N=18,170 (25%)

Mon-accelerated FEV, decline
N=54,513 (75%)

Figure 5.2: Patient population using 25t percentile decline (-31.6ml/year) as threshold for accelerated decline.
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Table 5.2: Baseline characteristics for total population, patients with accelerated decline (<-31.6ml/year), and patients with non-
accelerated decline (>-31.6ml/year). Numbers are n (%) or mean (SD).

Baseline characteristics Total population Accelerated Non-accelerated

Patient demographics
Age

Gender (male)
Smoking status

N=72,673

66.7 (10.7)
39,266 (54.0)

decline
N=18,170

64.5 (10.6)
11,503 (63.3)

decline
N=54,513

67.5 (10.7)
27,763 (50.9)

Smoker 43,902 (60.4) 11,627 (64.0) 32,275 (59.2)
Ex-smokers 26,781 (39.6) 6,543 (36.0) 22,238 (40.8)
IMD
1 (most deprived) 10,897 (15.0) 2,728 (15.0) 8,169 (15.0)
2 13,700 (18.9) 3,333 (18.3) 10,367 (19.0)
3 14,455 (19.9) 3,486 (19.2) 10,969 (20.1)
4 16,085 (22.1) 4,040 (22.2) 12,045 (22.1)
5 (least deprived) 17,502 (24.1) 4,569 (25.2) 12,933 (23.7)
Missing 44 (0.1) 14 (0.1) 30(0.1)
Symptoms
Breathlessness 11,997 (16.5) 2,951 (16.2) 9,046 (16.6)
Chronic cough 25,129 (34.6) 6,297 (34.7) 18,832 (34.6)
Sputum production 5,104 (7.0) 1,317 (7.3) 3,787 (7.0)
Comorbidities
Anxiety 5,181 (7.1) 1,317 (7.3) 3,864 (7.1)
Depression 5,818 (8.0) 1,656 (9.1) 4,162 (7.6)
GORD 3,744 (5.2) 967 (5.3) 2,777 (5.1)
BMI
Underweight 2,353 (3.2) 5,162 (28.4) 15,283 (28.0)
Normal 20,445 (28.1) 539 (3.0) 1,814 (3.33)
Overweight 20,017 (27.5) 4,944 (27.2) 15,073 (29.7)
Obese 14,49 (20.3) 3,57 (19.7) 11,176 (20.5)
Missing 15,119 (20.8) 3,952 (21.8) 11,167 (20.5)
Bronchiectasis 1,869 (2.6) 1,869 (2.6) 1,439 (2.6)
Lung cancer 348 (0.5) 79 (0.4) 269 (0.5)
Heart failure 4,532 (6.2) 984 (5.4) 3,548 (6.5)
Stroke 2,757 (3.8) 628 (3.5) 2,129 (3.9)
Y]] 5,030 (6.9) 1,225 (6.7) 3,805 (7.0)
Asthma 21,855 (30.1) 5,169 (28.5) 16,686 (20.6)
COPD severity
mMRC dyspnoea
0 8,098 (11.1) 2,186 (12.0) 5,912 (10.9)
1 15,887 (21.9) 3,635 (20.0) 12,252 (22.5)
2 9,550 (13.1) 2,002 (11.0) 7,548 (13.9)
3 4,533 (6.2) 858 (4.7) 3,675 (6.7)
4 787 (1.1) 121 (0.7) 666 (1.2)
Missing 33,818 (46.5) 9,368 (51.6) 24,460 (44.9)
FEV; percent predicted
Mild 18,267 (25.4) 8,562 (47.1) 9,705 (17.8)
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Moderate 33,452 (46.5) 7,165 (39.4) 26,287 (48.2)
Severe 16,522 (22.9) 2,091 (11.5) 14,431 (26.5)
Very severe 3,777 (5.2) 198 (1.1) 3,579 (6.6)
Missing 665 (0.9) 154 (0.9) 511 (0.9)
AECOPD frequency
None 30,178 (41.5) 7,945 (43.7) 22,233 (40.8)
1 moderate 17,665 (24.3) 4,437 (24.4) 13,228 (24.3)
2 moderate 9,618 (13.2) 2,353 (13.0) 7,265 (13.3)
23 moderate 11,339 (15.6) 2,692 (14.8) 8,647 (15.9)
1 severe, any moderate 3,126 (4.3) 631 (3.5) 2,495 (4.6)
22 severe, any 757 (1.0) 112 (0.6) 645 (1.2)
moderate
ICS combination use 38,615 (53.1) 9,085 (50.0) 29,530 (54.2)

Figure 5.3 illustrates the frequency of the total number of FEV: measurements over follow-up and figure
5.4 illustrates the distribution of the change in FEV in ml/year. After categorising patients into accelerated
and non-accelerated FEV; decline using the 25" percentile of the populations declines (threshold of -
31.6ml/year), a total of 18,170 (25%) patients were classed as having accelerated decline and 54,513 (75%)
patients were classed as having non-accelerated decline. In addition, only 11,862 (16.3%) of patients had

an FEV; decline faster than -40ml/year.
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Figure 5.3: Frequency of the total number of FEV1: measurements over follow-up.
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Figure 5.4: Distribution of the change in FEV; over follow-up.
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5.3.1 Baseline characteristics associated with accelerated FEV;: decline

With regards to the adjusted multivariate analysis, compared to their reference categories, baseline
characteristics significantly associated with accelerated FEV; decline (defined by upper quartile) included
older age (OR.q 1.01 (5% Cl 1.00-1.01), current smoking status (OR.q; 1.15 95%Cl 1.07-1.23), high
socioeconomic status (ORagj 1.15 95% ClI 1.04-1.27), breathlessness (ORagj1.27 95% ClI 1.15-1.39), high
MMRC dyspnoea (MMRC 2:0Rag; 1.15 95% ClI 1.05-1.27; mMRC 3: OR,q; 1.20 95% Cl 1.07-1.35), mild airflow
obstruction (reference group compared to moderate (OR.qj 0.74 95% Cl 0.67-0.81) and very severe (ORq;
0.65 95% C1 0.47-0.90), frequent AECOPD (more than three AECOPD OR,q; 1.18 95% ClI 1.07-1.29), and being
treated with inhaled corticosteroids (OR.g 1.11 95% Cl 1.04-1.19) (table 5.3).
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Table 5.3: Baseline characteristics associated with accelerated FEV; decline (defined using upper quartile).

Unadjusted analysis

(OR 95% ClI)

Adjusted analysis
(OR 95% Cl)

Test for trend

Age

Gender (Males)
Current smoking
IMD

1 (most deprived)

2
3
4

5 (least deprived)

Breathlessness
Cough
Sputum
Asthma
mi
Stroke
HF
Lung cancer
Bronchiectasis
GORD
Anxiety
Depression
BMI
Normal
Underweight
Overweight
Obese

N=30,609
1.00 (1.00-1.00)
0.81 (0.75-0.86)
1.15 (1.08-1.23)

Ref
1.01(0.91-1.13
1.06 (0.96-1.18
1.05(0.94-1.17
1.22(1.10-1.35
1.31(1.19-1.43)
1.13 (1.06-1.21)
1.20 (1.06-1.35)
1.00 (0.93-1.07)
0.94 (0.84-1.06)
1.13(0.97-1.31)
0.93 (0.81-1.05)
1.22 (0.80-1.87)
0.97 (0.80-1.19)
0.98 (0.86-1.11)
1.00 (0.89-1.13)
1.10 (0.99-1.23)

)
)
)
)

Ref
1.19 (1.01-1.40)
0.84 (0.78-0.90)
0.85 (0.78-0.91)

<0.001*
<0.001*
<0.001*

Ref
0.791
0.249
0.328

<0.001%*

<0.001*

<0.001%*
0.004
0.972
0.317
0.111
0.237
0.361
0.792
0.715
0.979
0.077

Ref
0.043
<0.001*
<0.001*

<0.001

<0.001

N=30,609
1.01 (1.00 - 1.01)
0.91 (0.83 — 1.00)
1.15 (1.07 - 1.23)

Ref
1.00 (0.90-1.11)
1.04 (0.93 -1.16)
1.01(0.91 -1.12)
1.15(1.04-1.27)
1.27 (1.15-1.39)
1.07 (0.99-1.16)
1.06 (0.92 —1.21)
0.93 (0.86—-1.01)
0.94 (0.84 — 1.06)
1.10(0.95-1.28)
0.88 (0.77 — 1.00)
1.19 (0.78 = 1.12)
0.91 (0.74 - 1.12)
0.96 (0.84 — 1.10)
0.93 (0.82 — 1.05)
1.09 (0.97 - 1.22)

Ref
1.16 (0.98 — 1.37)
0.85 (0.79 —0.91)
0.84 (0.78—0.91)

0.001
0.050

<0.001*

Ref
0.976
0.482
0.878
0.009

<0.001*

0.079
0.424
0.079
0.311
0.206
0.057
0.419
0.364
0.552
0.231
0.150

Ref
0.084

<0.001*
<0.001*

0.015

<0.001
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0 Ref Ref 0.009 Ref Ref 0.947
1 1.04 (0.96-1.12) 0.374 1.02 (0.94 -1.11) 0.676
2 1.21(1.11-1.32) <0.001* 1.15(1.05-1.27) 0.003
3 1.28 (1.14-1.43) <0.001* 1.20 (1.07 — 1.35) 0.003
4 1.26 (0.98-1.61) 0.067 1.15(0.90-1.48) 0.272
Airflow obstruction
Mild Ref Ref 0.121 Ref Ref <0.001
Moderate 0.72 (0.66-0.80) <0.001* 0.74 (0.67 — 0.81) <0.001*
Severe 0.93 (0.79-1.10) 0.396 0.91 (0.77 - 1.07) 0.232
Very severe 0.70(0.51-0.97) 0.034 0.65 (0.47 — 0.90) 0.010
AECOPD frequency
0 Ref Ref 0.140 Ref Ref 0.001
1 moderate, 0 severe 1.05 (0.97-1.13) 0.227 1.04 (0.96 -1.12) 0.322
2 moderate, 0 severe 1.11(1.01-1.21) 0.034 1.09 (0.99 - 1.20) 0.079
23 moderate, 0 severe 1.23(1.13-1.35) <0.001%* 1.18 (1.07 —1.29) 0.001*
1 severe, any 1.19(1.01-1.41) 0.033 1.10(0.93-1.29) 0.277
moderate 1.20(0.84-1.74) 0.317 1.11 (0.77 - 1.60) 0.576
22 severe, any
moderate
ICS-combination therapy 1.13 (1.07-1.21) <0.001* 1.11(1.04 -1.19) 0.002

Note: For variables breathless, cough, sputum, asthma, Ml, stroke, HF, lung cancer, bronchiectasis, GORD, anxiety, depression, and ICS use, the reference groups are not having the
symptom/comorbidity/medication. For smoking status, the reference group is ex-smoking patients. *significant after correcting for multiple testing (p<0.002).
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5.3.2 Sensitivity analyses

Using the median rate of FEV; decline as the cut off for accelerated decline, baseline characteristics
significantly associated with accelerated FEV; decline (in fully adjusted analyses) included increasing age
(ORagj 1.01 95% CI 1.01-1.01), women (reference group compared to men OR,q; 0.88 95% Cl 0.82-0.95),
current smokers(ORag;1.17 95% Cl 1.10-1.23), high socioeconomic deprivation (OR.q4;1.15 95% Cl 1.06-1.26),
breathlessness(ORa.q¢1.10 95% Cl 1.02-1.19), chronic cough (OR.¢;1.10 95% Cl 1.02-1.17), patients without
a history of asthma (reference group compared to those with a history of asthma ORag;0.93 95% CI 0.87-
0.99), being underweight (OR,q; 1.20 95% Cl 1.05-1.38), mild airflow obstruction (compared to moderate
(ORagj 0.5595% Cl 0.51-0.61), severe (ORaqj 0.51 95% Cl 0.44-0.58), and very severe (OR,q;0.41 95% Cl 0.32-
0.51)), and ICS use (OR.qj 1.07 95% CI 1.01-1.13) compared to reference categories (table 5.4).

Using -40 ml/year as the cut off for accelerated FEV; decline, baseline characteristics significantly associated
with accelerated FEV; decline (in fully adjusted analyses) included age (ORaq; 1.01 95% CI 1.00-1.01), current
smokers (ORag 1.18 95 % Cl 1.09-1.28), high socioeconomic deprivation (OR.g 1.17 95% Cl 1.03-1.32),
breathlessness (ORag; 1.39 95% Cl 1.25-1.55), being underweight (OR.qj 1.31 95% Cl 1.08-1.58), high mMRC
dyspnoea (MMRC2: OR.4j 1.25 95% Cl 1.12-1.48; mMRC3: OR,q 1.29 95% Cl 1.12-1.48), mild airflow
obstruction (as compared to moderate (OR,q;0.71 95% Cl 0.64-0.80), severe (ORaq; 0.82 95% Cl 0.67-0.99),
and very severe (OR.q; 0.57 95% Cl 0.38-0.86)), frequent moderate AECOPD or one severe AECOPD (=3
moderate AECOPD: OR,qj 1.26 95% ClI 1.13-1.40; 1 severe AECOPD: ORag; 1.22 95% Cl 1.01-1.48), and ICS use
(ORaqj1.17 95% Cl 1.08-1.26) compared to reference categories (table 5.5).

Table 5.6 reports the associations between baseline characteristics and rate of FEV; decline as a continuous
outcome. Overall, the following baseline characteristics were associated with FEV; decline (in fully adjusted
analyses) : breathlessness (-7.66 ml/year (95% Cl -12.20 to -3.11) compared to no breathlessness), stroke (-
15.66 ml/year (95% Cl -24.14 to -7.18) compared to no stroke), anxiety (-10.81 ml/year (95% Cl -17.20 to -
4.41) compared to no anxiety), being obese (5.05 ml/year (95% CI 1.28 to 8.82) compared to normal BMI),
and increasing airflow obstruction (i.e. higher airflow obstruction associated with a slower rate of FEV;
decline compared to mild airflow obstruction). To put this into context, the mean change in FEV; in patients
who were breathless was 7.66 ml/year faster than patients who were not breathless. Similarly, the mean

change in FEV; in patients who were obese was 5.05 ml/year slower than in patients who had normal BMI.
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Table 5.4: Baseline characters associated with accelerated FEV; decline (defined using median rate of decline i.e., -18.1ml/year).

Unadjusted analysis P value Test for Adjusted analysis P value Test for
(OR 95% Cl) trend P OR (95% Cl) trend P
N=30,609 value N=30,609 value
Age (per increasing year) 1.01 (1.01-1.02) <0.001* 1.01(1.01-1.01) <0.001*
Gender (Males) 0.67 (0.64-0.71) <0.001%* 0.88 (0.82 —0.95) 0.001*
Current smoking 1.18 (1.12-1.25) <0.001* 1.17 (1.10-1.23) <0.001*
IMD
1 (most deprived) Ref Ref 0.161 Ref Ref 0.015
2 1.01 (0.93 -1.09) 0.789 1.05(0.95-1.15) 0.334
3 0.99 (0.92-1.07) 0.829 1.03(0.94-1.13) 0.534
4 1.02 (0.94-1.10) 0.613 1.00 (0.91-1.09) 0.975
5 (least deprived) 1.06 (0.98 —1.14) 0.152 1.15(1.06 — 1.26) 0.001*
Breathlessness 1.12 (1.04-1.21) 0.004 1.10(1.02-1.19) 0.019
Cough 1.11 (1.05-1.17) <0.001* 1.10(1.03-1.17) 0.006
Sputum 1.12 (1.01-1.25) 0.031 1.01 (0.90-1.13) 0.892
Asthma 0.97 (0.92-1.03) 0.353 0.93 (0.87 - 0.99) 0.037
mi 1.03 (0.94-1.14) 0.493 1.03 (0.93-1.13) 0.566
Stroke 1.08 (0.95-1.22) 0.223 1.07 (0.94 - 1.21) 0.313
HF 1.00 (0.90-1.11) 0.963 1.00 (0.89 - 1.11) 0.926
Lung cancer 1.03 (0.72-1.47) 0.858 1.05 (0.74 — 1.50) 0.785
Bronchiectasis 1.04 (0.88-1.23) 0.614 1.01 (0.85-1.19) 0.928
GORD 0.99 (0.88-1.11) 0.808 0.98 (0.87 - 1.10) 0.669
Anxiety 1.08(0.97-1.19) 0.145 1.04 (0.93 - 1.15) 0.524
Depression 1.05 (0.96-1.16) 0.306 1.02 (0.92 -1.23) 0.705
BMI
Normal Ref Ref <0.001 Ref Ref <0.001
Underweight 1.22 (1.06-1.40) 0.004 1.20 (1.05-1.38) 0.009
Overweight 0.86 (0.81-0.91) <0.001* 0.87 (0.82 - 0.93) <0.001*
Obese 0.84(0.78-0.90) <0.001* 0.84 (0.78 — 0.90) <0.001*
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0 Ref Ref 0.568 Ref Ref 0.947
1 1.04 (0.97-1.11) 0.310 1.03 (1.05-1.38) 0.412
2 1.10(1.01-1.18) 0.021 1.07 (0.99 - 1.16) 0.077
3 1.13 (1.03-1.25) 0.011 1.10(0.99-1.21) 0.056
4 1.01 (0.84-1.23) 0.890 0.97 (0.80-1.18) 0.791
Airflow obstruction
Mild Ref Ref <0.001 Ref Ref <0.001
Moderate 0.55 (0.50-0.60) <0.001* 0.55 (0.51 -0.61) <0.001*
Severe 0.51 (0.45-0.59) <0.001* 0.51 (0.44 — 0.58) <0.001*
Very severe 0.42 (0.34-0.53) <0.001* 0.41 (0.32-0.51) <0.001*
AECOPD frequency
0 Ref Ref 0.400 Ref Ref 0.782
1 moderate, no severe 1.03 (0.96-1.10) 0.415 1.02 (0.96 —1.09) 0.483
2 moderate, no severe 1.03 (0.95-1.11) 0.504 1.02 (0.94-1.11) 0.622
>3 moderate, no severe 1.11(1.03-1.19) 0.009 1.08 (1.00-1.17) 0.057
1 severe, any moderate 1.00(0.88-1.14) 0.995 0.94 (0.83 - 1.08) 0.405
22 severe, any moderate 1.13 (0.86-1.49) 0.373 1.08 (0.82 —1.00) 0.580
ICS-containing therapy 1.07 (1.01-1.12) 0.016 1.07 (1.01-1.13) 0.019

Note: For variables breathless, cough, sputum, asthma, Ml, stroke, HF, lung cancer, bronchiectasis, GORD, anxiety, depression, and ICS use, the reference groups are not having the
symptom/comorbidity/medication. For smoking status, the reference group is ex-smoking patients. *significant after correcting for multiple testing (p<0.002).
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Table 5.5: Baseline characteristics associated with accelerated FEV; decline (defined using -40 ml/year).

Unadjusted analysis P value Test for Adjusted analysis P value Test for
(OR 95% Cl) trend P OR (95%) trend P
N=30,609 value N=30,609 value
Age (per increasing year) 1.01 (1.00-1.01) <0.001* 1.01 (1.00-1.01) 0.010
Gender (Males) 0.76 (0.69-0.82) <0.001%* 0.90 (0.80 - 1.00) 0.052
Current smoking 1.18 (1.10-1.28) <0.001* 1.18 (1.09 —1.28) <0.001*
IMD
1 (most deprived) Ref Ref 0.017 Ref Ref 0.055
2 1.03(0.95-1.12) 0.466 1.02 (0.89 - 1.15) 0.812
3 0.99 (0.91-1.07) 0.814 1.04 (0.92-1.19) 0.494
4 1.03(0.95-1.11) 0.478 0.97 (0.86-1.10) 0.677
5 (least deprived) 1.11(1.03-1.20) 0.008 1.17 (1.03-1.32) 0.013
Breathlessness 1.45 (1.31-1.60) <0.001* 1.39 (1.25-1.55) <0.001*
Cough 1.16 (1.07-1.25) <0.001* 1.08 (0.99 - 1.18) 0.101
Sputum 1.21 (1.05-1.40) 0.008 1.03 (0.88 —1.21) 0.674
Asthma 1.02 (0.94-1.11) 0.562 0.93 (0.85-1.02) 0.105
mi 0.89 (0.78-1.02) 0.098 0.87 (0.76 — 1.00) 0.058
Stroke 1.20(1.00-1.43) 0.044 1.16 (0.97 - 1.38) 0.103
HF 0.93 (0.80-1.08) 0.352 0.87 (0.74 - 1.02) 0.088
Lung cancer 1.41(0.87-2.28) 0.164 1.36 (0.84—2.21) 0.212
Bronchiectasis 0.97 (0.76-1.23) 0.797 0.87 (0.69-1.11) 0.263
GORD 1.06 (0.91-1.23) 0.449 1.04 (0.89-1.21) 0.612
Anxiety 1.00 (0.87-1.15) 0.995 0.91 (0.79-1.05) 0.211
Depression 1.08 (0.96-1.23) 0.204 1.05(0.92 - 1.20) 0.446
BMI
Normal Ref Ref <0.001 Ref Ref <0.001
Underweight 1.34 (1.11-1.62) 0.003 1.31(1.08 — 1.58) 0.006
Overweight 0.85 (0.78-0.93) <0.001* 0.87 (0.80—0.94) 0.001*
Obese 0.81 (0.74-0.89) <0.001* 0.79 (0.72 - 0.87) <0.001*
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Airflow obstruction
Mild
Moderate
Severe
Very severe
AECOPD frequency
0
1 moderate, no severe
2 moderate, no severe
23 moderate, no severe
1 severe, any moderate
22 severe, any
moderate
ICS-combination therapy

Ref
1.09 (0.99-1.19)
1.33(1.20-1.48)
1.40 (1.23-1.60)
1.33(0.99-1.79)

Ref
0.70 (0.62-0.78)
0.87 (0.72-1.05)
0.66 (0.43-0.99)

Ref
1.08 (0.99-1.18)
1.16 (1.03-1.29)
1.34(1.21-1.49)
1.36 (1.13-1.64)
1.32(0.85-2.03)

1.21(1.13-1.30)

Ref
0.083
<0.001*
<0.001*
0.059

Ref
<0.001*
0.152
0.043

Ref
0.100
0.011

<0.001%*
0.001*
0.212

<0.001*

0.008

0.108

0.052

Ref
1.06 (0.96—-1.16)
1.25(1.12-1.39)
1.29 (1.12 - 1.48)
1.18 (0.87 — 1.60)

Ref
0.71 (0.64 - 0.80)
0.82 (0.67 — 0.99)
0.57 (0.38 - 0.86)

Ref
1.06 (0.97 - 1.17)
1.13(1.01-1.26)
1.26 (1.13 - 1.40)
1.22 (1.01 - 1.48)
1.20(0.78 — 1.86)

1.17 (1.08 - 1.26)

Ref
0.235
<0.001*
<0.001*
0.282

Ref
<0.001*
0.043
0.008

Ref
0.178
0.038

<0.001*
0.043
0.407

<0.001*

0.097

0.018

0.213

Note: For variables breathless, cough, sputum, asthma, Ml, stroke, HF, lung cancer, bronchiectasis, GORD, anxiety, depression, and ICS use, the reference groups are not having the
symptom/comorbidity/medication. For smoking status, the reference group is ex-smoking patients. *significant after correcting for multiple testing (p<0.002).
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Table 5.6: Baseline characteristics associated with continuous FEV; decline.

Adjusted analysis P value Test for
(difference in mean trend P

Unadjusted analysis P value Test for trend
(difference in mean P value

change in FEV; (ml/year)
and 95% CI
N=30,609

change in FEV; (ml/year)
and 95% Cl
N=30,609

value

Age (per increasing year) -0.25 (-0.41 to -0.09) 0.002 -0.24 (-0.39 t0-0.08) 0.003
Gender (Males) 3.44 (0.24 to 6.65) 0.035 3.33(0.13t0 6.52) 0.041
Current smoking -5.77 (-9.02 to -2.51) 0.001* 0.65 (-5.52 to 6.80) 0.837
IMD
1 (most deprived) Ref Ref 0.237 Ref Ref 0.455
2 -2.71 (-8.39 t0 2.96) 0.349 -2.8(-8.41t0 2.91) 0.341
3 2.67 (-2.91 to 8.25) 0.349 2.56 (-3.00 to 8.12) 0.367
4 4.62 (-0.82 to 10.07) 0.096 4.65 (-0.78 to 10.08) 0.093
5 (least deprived) -4.43 (-9.72 t0 0.87) 0.102 -4.51 (-9.79 to 0.77) 0.094
Breathlessness -7.76 (-12.32 to -3.20) 0.001* -7.66 (-12.20 to -3.11) 0.001*
Cough -1.06 (-4.50 to 2.37) 0.544 -1.02 (-4.44 to 2.41) 0.561
Sputum -5.30(-11.74 t0 1.17) 0.109 -5.32 (-11.77 to 1.13) 0.106
Asthma 5.52 (1/97 to 9.07) 0.002 5.52(1.99 to 9.06) 0.002
Mi -0.36 (-6.48 to 5.77) 0.090 -0.17 (-6.28 to 5.94) 0.956
Stroke -15.78 (-24.29 to -7.27) <0.001* -15.66 (-24.14 to -7.18) <0.001*
HF -9.88 (-16.88 to -2.88) 0.006 -9.86 (-16.84 to -2.89) 0.006
Lung cancer -6.06 (-29.97 to 17.85) 0.620 -5.57 (-29.42 to 18.28) 0.647
Bronchiectasis -11.63 (-22.21 to -1.05) 0.031 -11.78 (-22.33 to -1.23) 0.029
GORD -9.62 (-16.73 to -2.51) 0.008 -9.38 (-16.47 to -2.29) 0.010
Anxiety -10.81 (-17.22 to -4.40) 0.001* -10.81 (-17.20 to -4.41) 0.001*
Depression -5.01 (-10.90 to 0.88) 0.096 -4.99 (-10.86 to 0.88) 0.096
BMI
Normal Ref Ref 0.001 Ref Ref 0.004
Underweight 0.17 (-8.80t0 9.12) 0.971 0.38 (-8.56 t0 9.31) 0.934
Overweight
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Airflow obstruction
Mild
Moderate
Severe
Very severe
AECOPD frequency
0
1 moderate, no severe
2 moderate, no severe
23 moderate, no severe
1 severe, any moderate
22 severe, any moderate
ICS-containing therapy

5.02 (1.25 to 8.81)
7.52 (3.38 to 11.67)

Ref
6.44(2.63 to0 10.23)
6.15 (1.92 to 10.38)
4.88 (-.44 t0 10.20)
12.11 (0.13 to 24.08)

Ref
78.36 (75.85 to 81.87)
109.13 (105.05 to 113.21)
141.66 (134.39 to 148.92)

Ref
0.64 (-3.00 to 4.29)
4.71(0.25 t0 9.17)
-2.92 (-7.18 to 1.33)
6.06 (-1.80to 13.91)
-8.18 (-27.30 to 10.95)
4.50 (1.62 to 7.39)

0.005
0.001

Ref
0.001*
0.004
0.072
0.048

Ref
<0.001*
<0.001*
<0.001*

Ref
0.729
0.039
0.178
0.131
0.402
0.002

5.05 (1.28 to 8.82)
7.50 (3.37 to 11.63)

0.069 Ref
5.98 (1.73 to 10.23)
4.33 (-0.39 t0 9.05)
2.41 (-3.50 to 8.31)
7.49 (-5.60 to 20.57)

<0.001 Ref
77.70 (73.90 to 81.49)
108 (104.14 to 112.96)
141.66 (133.85 to 149.48)

0.522 Ref
0.20 (-3.85 to 4.23)
4.97 (0.02 to 9.91)
-2.41 (-7.11 to 2.29)
2.39 (-6.22 to 10.99)
-12.93 (-33.40 to 7.55)
4.10 (0.91 to 7.29)

0.009
<0.001*

Ref 0.275
0.006
0.072
0.424
0.262

Ref <0.001
<0.001*
<0.001*
<0.001*

Ref 0.289
0.926
0.049
0.315
0.587
0.216
0.012

Note: For variables breathless, cough, sputum, asthma, Ml, stroke, HF, lung cancer, bronchiectasis, GORD, anxiety, depression, and ICS use, the reference groups are not having the
symptom/comorbidity/medication. For smoking status, the reference group is ex-smoking patients. *significant after correcting for multiple testing (p<0.002).
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5.4 Discussion

This was the first study to describe the annual rate of FEV; decline and to explore clinical and
demographic patient characteristics associated with accelerated decline in a large primary care
population of COPD patients over 13 years in England. Baseline characteristics that were consistently
associated with accelerated FEV; included older age, current smoking, high socioeconomic status,
being breathless and having a high mMRC dyspnoea, being underweight, milder airflow obstruction,
frequent AECOPD, and being treated with ICS. This study was important to understand the rate of FEV;
decline in more detail in more generalisable COPD patients seen in primary care in the UK and

understand which patients may be more likely to decline faster than others.

5.4.1 Rates of decline in previous studies

Previous studies have shown that rate of FEV; decline is heterogeneous in COPD. The ECLIPSE study
showed that change in FEV; varied from declines faster than -100ml/year to increases greater than
100ml/year [17]. The ECLIPSE study, a non-interventional, multicentre observational study, collected
lung function measurements at regular intervals. Using electronic healthcare records (EHR) the
distribution in the change in FEV1 in a primary care population in England was similar yet slightly wider
in distribution. This is expected because the patients seen in primary care would have a wider
distribution of disease severity and comorbidities than those specifically identified in RCTs or

pragmatic trials.

To date, RCTs are the gold standard in scientific research and are used to direct clinical guidelines.
Rates of FEV; decline in COPD RCTs are generally faster than the rates described in this study and other
observational studies [154, 159, 166]. The SUMMIT trial reported mean FEV: declines between -37
ml/year to -47 ml/year depending on the treatment arm [86]. Similarly, mean rates of FEV; decline
from the UPLIFT study were -43.9 ml/year (SE:1.41) in COPD patients on tiotropium and -45.1 ml/year
(SE1:45) in patients on placebo [72]. Patients included in RCTs are not always generalisable to the
wider population due to strict inclusion and exclusion criteria such as requiring patients to have
moderate or severe COPD, heightened risk of CVD, and specific number of pack years smoking [72,
89]. Therefore, it is likely that differences in FEV; decline will exist between RCTs and observational
populations. This highlights the need for incorporating real-word and observational studies in clinical

guidelines.

Previous observational studies have reported a range of estimates for the mean rate of FEV; decline

in COPD patients from -28 ml/year to -12.6 ml/year, similar to the mean rate of -17.7 ml/year observed
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in this study [28-30]. Some of these estimates are slower than those reported in general populations,
reinforcing the fact that the rate of FEV; decline is more complex than initially thought and high
heterogeneity exists. A previous general population study of the rate of FEV; decline by Luoto and
colleagues found that the mean absolute decline in FEV; in a general population of people age 60 to
100 years old was -51.7 ml/year (95% Cl -63.7 to -39.9) [160]. A possible explanation for this is that
healthy patients have a higher baseline FEV; and therefore, can lose more lung function than those
who have lower lung function to start with [34]. For example, the mean baseline FEV; in health
participants in the general population study was 2.37L (SD 0.86) compared to 1.7L (SD 0.7) in this COPD

cohort.

Interestingly, the mean rate of FEV; decline seen in this study is slower than the mean decline in
healthy non-smokers as estimated by reference equations [167]. It is important to note that rates of
change in FEV; will depend on the prevalence of risk factors within specific COPD populations and
criteria used to define populations. This population included current or ex-smoking COPD patients
who were required to have spirometry performed at least twice at least six months apart. Patients
were required to be registered at a general practice in England, be fit enough to be able to attend
their general practice and have their lung function measured and have been alive for at least six
months in order to have at least two measurements taken. Despite this, other studies such as ECLIPSE
also found a mean rate of decline similar to the estimated rate of decline in healthy adults. The ECLIPSE
study also found that rate of FEV; decline varies widely, which might explain why different rates of
FEV: decline are seen in different COPD populations and settings. One other possible explanation is
that most COPD patients would be on maintenance COPD therapy to reduce symptoms and potentially
improve lung function. This might explain why the mean rate of FEV; decline in a population of primary

care COPD patients is slower than that seen in the general population.
5.4.2 Characteristics associated with accelerated lung function decline

Age and smoking status

Age and smoking status are well-known risk factors of lung function decline and have been described
in many previous studies of COPD populations and general populations [23, 168, 169]. It is important
to highlight that never smokers were excluded in case of misdiagnosis of asthma with COPD. In
addition, it is not common for GPs to diagnose non-smokers with COPD and only 7.4% of patients with

a diagnosis of COPD were non-smokers in this study.
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Interestingly, patients on ICS-containing medications were more likely to have accelerated FEV;
decline. Many RCTs have investigated the relationship between ICS and lung function in COPD and
results have shown that patients on ICS have attenuated rate of FEV; decline compared to non-ICS
treatments [27, 38]. SUMMIT, a large RCT, found that over approximately 2 years, patients on
combined fluticasone furoate/vilanterol declined 10 ml/year slower than patients on vilanterol alone
or placebo [89]. This study found the opposite effect whereby patients on ICS were more likely to have
accelerated FEV: decline compared to those on non-ICS-containing medication. It is highly likely that
this is due to confounding by indication whereby patients with faster disease progression who are

more symptomatic are more likely to be prescribed ICS.

Sex

The literature on FEV; decline and sex is inconsistent [160, 170]. Only when using the median rate of
FEV: decline as the cut off for accelerated decline were men less likely to have accelerated decline. It
is important to note that baseline FEV; was adjusted for in order to account for biological differences
in airway size [171]. Previous studies suggest that women have faster relative lung function decline
compared to men [34, 160]. It is thought that women may be more responsive to tobacco smoke
however, no significant interaction between gender and smoking status was observed (results not
shown) [172]. Other studies suggest that sex differences may exist due to differences in hormones
and the presentation and progression of COPD [171, 173]. Despite this, no conclusive evidence for the

association between sex and accelerated FEV; decline was seen in this study.

mMRC dyspnoea and breathlessness

Interestingly, higher mMRC dyspnoea score and being breathless were associated with accelerated
FEV: decline. Previous cross-sectional studies have shown that FEV:and MRC score are not associated
however, longitudinally mMRC dyspnoea score may be a good predictor of accelerated FEV; decline
[174]. Currently, NICE guidelines recommend various clinical characteristics such as spirometry,
AECOPD frequency, and smoking status to be used to assess COPD progression [21]. Whilst these are
all important in assessing lung function progression, breathlessness should also be considered in
assessing this progression. This may be a more important marker of lung function progression

compared to baseline spirometry given the association with airflow obstruction seen in this study.

Baseline FEV; percent predicted

Patients with a lower baseline FEV; percent predicted were more likely to have accelerated FEV;
decline compared to those with higher baseline lung function, which is in keeping with previous

literature [34, 175]. This is because patients with higher lung function at baseline are able to lose more
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lung function than those with less lung function to start with [34]. It is important to note that the use
of absolute lung function in accessing change in lung function has been criticized because it does not
take into consideration baseline lung function. Rather, it is thought that percentage change from
baseline better describes the rate of change in lung function. For example, a decline of 40 ml/year for
a patient with 2 liters of baseline FEV; is different to a decline of 40 ml/year in a patient with 1 liter of
baseline FEV:. Whilst it may seem that both these patients have the same rate of FEV; decline the
percentage change from baseline would be 2% and 4% per year, respectively. Interestingly, results
found that the mean rate of change in FEV; increased in patients with lower baseline FEV1 % predicted
(i.e., more severe disease). As described in chapter 4, this group of COPD patients are more likely to
have higher variation in FEV; and show increases in FEV; greater than 20% of previous and subsequent
measurements. This phenomenon is likely driving the mean increase in FEV;seen in patients with low
baseline FEV1 % predicted. These patients may not have the ability to perform adequate spirometry
and there’s a higher chance than healthcare practitioners input a measurement that does not truly
reflect the patient’s lung function at that given time. Another possible explanation for the increase in
FEV1 in severe COPD patients could be survival bias as patients with very severe COPD and low FEV1 %
predicted are more likely to die. Patients needed at least 2 lung function measurements at least 6
months apart so severe COPD patients would have had to survived at least six months to be included
in this study and lung function decline in these patients may not be representative of all severe COPD

patients.

AECOPD frequency

Frequent AECOPD, notably frequent moderate AECOPD, were associated with accelerated FEV;
decline which is in line with previous studies [29, 32, 33, 73, 176]. It is thought that patients
experiencing AECOPD do not fully recover from these events and therefore lung function worsens with
the increased number of AECOPD a patient experiences [12]. Whilst AECOPD frequency was only
defined at baseline, studies show that the increased number of AECOPD a patient experiences, the
higher the likelihood that the patient will experience future moderate or severe AECOPD [12]. This
may explain the increased decline in FEV; seen with more than 3 moderate AECOPD. Interestingly,
whilst effect estimates suggested an increased odd of accelerated decline in patients with severe
AECOPD (notably 2 or more), this was not statistically significant. This might be due to lack of power
because only approximately 5% of the whole population had at least one severe AECOPD event at

baseline.
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Patients with low BMI were more likely to decline faster whilst patients with higher BMI were more
likely to have slower FEV; decline [160, 170]. This is consistent with a previous meta-analysis of RCTs
investigating BMI and rate of FEV; decline [35]. It has been suggested that reverse causation could
explain the association between low BMI and accelerated FEV: decline. Severe COPD, including faster
lung function decline or increased AECOPD, could lead to increased weight loss. Therefore, patients
with low BMI seem to be more likely to have accelerated decline and patients with high BMI have the
slowest decline, which is consistent with the “obesity paradox” [177, 178]. It is also possible that low
BMI causes lung function decline as seen in animal models whereby starvation led to signs of

emphysema [179, 180].

High socioeconomic status

Previous studies have shown that patients with low socioeconomic status are more likely to decline
faster that those with higher socioeconomic status [181-183]. Reasons for this association are not
quite understood however, it is possible that environmental, parental, and occupational exposures
play a role. However, this study found that patients with high socioeconomic status were more likely
to have accelerated FEV; decline. Previous studies have largely consisted of cross-sectional studies
and inconsistencies exist between definitions of socioeconomic deprivation [184]. This study used the
IMD which is a composite weighted score based on deprivation measures for small areas across
England and includes income, employment, education, disability, crime, housing services, and
environmental deprivation. It is possible that IMD may be imprecise as this is an area level marker of

deprivation not an individual marker of deprivation.

5.4.3 Strengths and Limitations

This is the first study to describe the rate of FEV; decline in a primary care COPD population and
investigate baseline characteristics associated with accelerated decline. Overall, this study has not
only highlighted well-known characteristics but has shed light on other characteristics that were
associated with accelerated FEV; decline and may be useful in assessing COPD progression in clinical
practice. EHR are not always seen as reliable sources of data compared to RCTs or prospective cohort
studies because of the way in which the data were collected. Despite this, this study found similar
patterns of lung function decline to that of the ECLIPSE study, a 3-year prospective cohort study which
would have had more standardized data collection, emphasizing the strengths of using EHR to

investigate lung function decline. A further strength of routinely collected data is that it allows large
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sample sizes and provides information on the prognosis of people diagnosed with COPD by UK primary

care physicians rather than a highly select groups of people with COPD who are enlisted for RCTs.

A limitation of this work is that baseline characteristics such as smoking status, BMI, mMRC score, and
AECOPD could have varied over follow-up. In clinical practice patients would be seen during a
consultation and decision could be made based on observations presented at that time. Therefore,
only baseline characteristics were investigated in relation to rate of FEV; decline. Further work should
aim to investigate how the rate of FEV; decline is associated with time varying covariates. In addition,
smoking status may not be reliable because the closest smoking status record was used to define ex-
smokers and current smokers. Lifestyle variables in routinely collected data are not always updated.
Therefore, it was assumed that the most recent smoking status was still true for patients prior to
follow-up. Finally, airflow obstruction was defined using FEV; percent predicted. This definition did
not require patients to have an FEV1/FVC less than 70% because not all patients have an eligible FVC
measurement that can be used to calculate obstruction. Rather, a diagnosis of COPD was used as a
proxy for FEV1/FVC<70%. Despite this, a validated definition of COPD was used that used clinical codes

and only included smokers and ex-smokers [140].

In addition, with regards to the linear rate of FEV; decline used as the outcome, it is important to be
aware of when differences in rates of decline might be clinically significant. Due to the large sample
size, it is common to get significant results when clinically there may not be large differences between
groups and caution should be made when interpreting such results. It has previously been suggested
by the ATS and the ERS that a minimal important difference in FEV; between two intervention arms
ranges from 100ml to 140ml [130]. However, this is with regards to pharmacological trials which
generally have a maximum follow-up of three years. If one were to assume that a difference of 120ml
over three years between two groups was clinically meaningful the difference in the rate of decline
would be ~40 ml/year. For example, patients who were breathless were more likely to decline faster,
by 7.6 ml/year, compared to those who did not report being breathless. Over the average study follow-
up of 5.8 years this equates to a difference of 44.4ml/year between patients who reported being
breathless and those who did not. As a second example, patients with sputum (whilst not statistically
significant after correction for multiple testing) declined faster than those without sputum by 5.3
ml/year. Over the average study follow-up of 5.8 years this equates to a difference of 30.7 ml/year
between the two rates of decline, which following this definition of clinically significant would not be
clinically meaningful. Interpreting what is clinically significant and what is not is complicated and might

also depend on other patient characteristics and degree of disease severity.
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Lastly, there was a high proportion of missing data for some baseline characteristics, specifically BMI
and mMRC. Whilst a relatively large baseline period (5 years) was used to identify these
measurements, 20.8% of BMI measurements and 46.5% of mMMRC measurements were missing. If
these measurements are not missing at random it is possible that using complete case analysis could
have biased my results. For example, it is possible that mMRC is not missing at random as patients
were unable to come into the general practice due to extreme breathlessness. Descriptive baseline
characteristics suggest that more men were defined as accelerated FEV: decline however, in complete
case analyses men were less likely to have accelerated FEV; decline. This phenomenonis likely to occur
due to the use of complete case analysis where a high proportion of baseline data were missing not
at random and if the probability of being missing is dependent on the outcome. Findings should
therefore be interpreted with caution and further work into understanding the missingness of BMI

and mRMC should be investigated.

5.5 Conclusion

This study aimed to describe the rate of FEV; decline in a primary care population of COPD patients in
England who were more generalisable to COPD patients commonly seen in clinical practice compared
to previous COPD populations studied. Older age, current smoking status, high socioeconomic status,
being underweight, high mMRC dyspnoea and breathlessness, mild airflow obstruction (higher FEV;
percent predicted), frequent moderate AECOPD, and ICS use were associated with an accelerated rate
of FEV: decline. It was important to understand the rate of FEV; decline in COPD patients in more
detail and identify COPD patients who are more likely to have accelerated FEV: decline in the future.
This could help inform general practitioners and healthcare professionals in early identification and

better management of these COPD patients routinely seen in clinical practice.
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Chapter 6
Inhaled corticosteroids, blood
eosinophil level, and rate of FEV;
decline

Results from chapter 5 found that patient characteristics are associated with varying changes in the
rate of FEV1. As highlighted in chapter 2 (systematic review), ICS use is commonly used in patients with
COPD and many RCTs have investigated its relationship with change in FEV; over time. However, many
of these RCTs have very short follow-up and have strict inclusion and exclusion criteria which lead to
the inclusion of very specific COPD populations. As RCTs largely inform clinical guidelines around the
use of ICS, the aim of this chapter was to investigate the relationship between ICS and rate of change
in FEV1 in a generalisable COPD population seen in primary care. In addition, blood eosinophils have
been shown to modify the relationship between ICS and change in FEV; however, this has not been
investigated in a generalisable COPD population. Therefore, this chapter also investigates the
relationship between ICS use and rate of change in FEV; by blood eosinophil level in COPD patients
seen in English general practices. The work described in this chapter has been published in the

International Journal of COPD [158].
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6.1 Introduction

Initial treatment of COPD usually comprises of long-acting bronchodilators, i.e. LABA and LAMAs, to
increase and maintain lung function, improve health-related quality of life and reduce the risk of
AECOPD [185]. ICS are additionally recommended by NICE and GOLD guidelines in combination with
LABA or LAMA/LABA for people with frequent AECOPD, who remain breathless, or who have high
blood eosinophils [82] [1]. Studies to date have shown that ICS reduce the rate of moderate and severe
AECOPD, reduce the rate of hospitalisation, and decrease the rate of decline of FEV; over time [86,
186]. However, studies also suggest that ICS increase the risk of pneumonia and increase the risk of
URTIs, suggesting that more careful phenotyping of patients most likely to benefit from ICS is required

[41, 187].

Blood EOS have been considered a potential biomarker in COPD in relation to ICS. Studies have shown
that ICS are more effective in COPD patients with higher blood EOS counts rather than lower in terms
of reducing AECOPD risk [40, 188, 189]. Recently, clinical guidelines state that ICS combination
treatment should be considered in patients with blood EOS greater than 300cells/ul [1, 82]. A few
studies have explored the relationship between ICS and blood EOS count in terms of FEV; decline but
the majority have consisted of randomised control trials with strict inclusion criteria, and short term
follow-up of roughly less than 3 years limiting their external validity to the wider COPD population [40,
188, 190].

Results from the previous chapter showed that patient characteristics and other factors such as ICS
use were associated with accelerated FEV; decline. Whilst it is possible that this could be due to
confounding by indication, it could also be that the relationship is modified by blood EOS level.
Therefore, in order to better understand the relationship between ICS and FEV: decline, the
association between ICS, blood EQOS, and FEV; decline in a generalisable primary care setting was

investigated.
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6.2 Methods

6.2.1 Study population and design

Patients with data recorded in CPRD-GOLD and HES were included. CPRD-GOLD data that was
recorded from the 1 January 2004 onwards to the 29" February 2016 was used. Patients were
included at the date at which all of the following were satisfied: i) date at which the general practice
was up-to-standard (UTS); ii) date at which patients were 35 years old; iii) date of first COPD diagnosis;
and iv) date at which patients were registered at their current GP. The date of the first FEV;
measurement after all these criteria were satisfied was the date from which patients were followed

up from.
6.2.2 Baseline ICS use
Prevalent ICS use (prevalent cohort)

Baseline ICS use was determined prior to patient’s start of follow-up. Prevalent baseline ICS use was
defined as the presence of at least one ICS-containing medication in the year prior to patient follow-
up. This was determined through recorded ICS prescriptions. Patients were categorised into those
prescribed an ICS-containing medication and those who were not prescribed an ICS-containing
medication at baseline. In addition, patients who were grouped into those who were not on ICS at
baseline were censored at the first ICS prescription date during patient follow-up. This ensured that
patients who were not on ICS at baseline remained were also not on ICS during follow-up. 98% of
patients who were on ICS at baseline remained on ICS during follow-up. For ease, this study population

that identified ICS use at baseline was called the “prevalent” cohort.
Incident ICS use (incident cohort)

A secondary population aimed to investigate incident ICS use rather than prevalent ICS use. The aim
of this was to investigate newly initiating ICS patients compared to patients not on ICS, similar to RCT
study designs. This incident population included patients who were not on ICS-containing medications
prior to patient follow-up (as described above). Incident ICS use was defined as the prescription of at
least one ICS-containing medication in the first year after the date at which patients were followed up
from. Unlike the prevalent cohort patients not on ICS in the first year of follow-up were not censored
at first ICS-containing medication prescription date. For ease, this study population that identified ICS

use in the first year of follow-up in ICS naive patients was called the “incident” cohort.

139



6.2.3 Baseline blood eosinophil level

Baseline absolute blood EOS counts were identified prior to patient start of follow-up. Specifically,
patients were required to have at least one blood EOS measurement within two years prior of the
patient’s start of follow-up. Blood EOS measurements that were within four weeks of an AECOPD or
prescribed oral corticosteroid were excluded in order to identify stable EOS measurements following
previous literature [144]. The closest viable baseline measurement to the start of follow-up the start
of follow-up was used and patients were grouped into those with high or low blood EOS counts using
a cut off of 150 cells/ul [144]. This cut off was chosen based on EOS thresholds used in the WISDOM
trial, KRONOS trial, IMPACT trial and in other previous RCTs that stratified by blood EOS [143, 188,
191-193]. This threshold was considered the lowest possible threshold for stratification of high and

low blood EOS from the literature.
6.2.4 Baseline ICS and blood eosinophil groups combined

After the identification of ICS or no ICS use (in both prevalent and incident cohorts) and the
identification of baseline blood EOS level, patients were grouped into the following exposure

categories:

i) high blood eosinophils on ICS-containing medications;
ii) high blood eosinophils not on ICS-containing medications;
iii) low blood eosinophils on ICS-containing medications;

iv) low blood eosinophils not on ICS-containing medications.

6.2.5 FEVidecline

The outcome of this aim was rate of change in FEV:. Patients were required to have at least two FEV:
measurements (measured in milliliters) recorded at least 6 months apart between the start of follow-
up and the end of follow-up in order to estimate the rate of change of FEV;. Since 2004 as part of the
QOF FEV; should be measured every 15 months in COPD patients at their GP and quality of spirometry

in primary care is of good quality [78, 156].

All FEV: measurements recorded between the start of follow-up and the end of follow-up were
identified. Specifically, end of follow-up was the 29" February 2016 or beforehand if the patient died
or transferred to a non-CPRD general practice. In addition, as mentioned in section 6.2.2, patients not
on an ICS at baseline were censored at first ICS prescription date. FEV; measurements that were

recorded between the start of follow-up and end of follow-up were used to calculate rate of FEV;
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decline. It is important to note that with the incident cohort, only FEV: measurements after the first
year of follow-up were used to estimate rate of FEV; decline. Figure 6.1 illustrates the main study
design elements for both prevalent and incident cohorts. Specifically, it highlights definitions of
patient start and end of follow-up, when prevalent ICS use, incident ICS use, and blood EOS

measurements were identified, and the follow-up period for identification of FEV; measurements.
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1t January 29th February

2004 2016
Identified whether patients had ICS Identified whether patients had ICS
prescription within 1 year prior to startof prescription within 1 year of start
follow-up* (prevalent cohort) of follow-up* (incident cohort)
Identified blood easinophil within 2 years prior to FEV, measurements identified over follow-up period®

start of follow-up*

Baseline period Follow-up period: time between start of follow-up and end of follow-up

I
| : I |

D || [ [ N 7/_\{ >
\ 6 months ’
Start of follow-up: 2 FEV,
Y date of 1= FEV, measurement
o ; 7 ) measurement
15t COPD diagnosis, current registration

date, up-to-standard date, date at age 35 End of follow-up: on 29" February

2016, death, leaving GP, first ICS date

(if not on ICS at baseline in prevalent
cohort)

Figure 6.1: Study design for prevalent and incident cohorts.
Note: *Patients were then categorised into four groups: high blood eosinophil level & ICS use, high blood eosinophil & no ICS use, low blood eosinophil & ICS use, low blood eosinophil & no ICS
use. * For the incident cohort, FEV; measurements that over one year after start of follow-up and before end of follow-up were identified.
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6.2.6 Statistical analysis

Baseline characteristics were described using medians (IQR), means (SD), and proportions (%). Mixed
effects linear regression was used due to the repeated measures of FEV; within patients. The model used
two reference categories to evaluate the relationship between ICS and blood eosinophil level (see table
6.1). Analyses were adjusted for baseline characteristics including smoking status, gender, age, BMI, mMMRC
dyspnoea score, history of GORD, anxiety, depression M, stroke, heart failure, lung cancer, bronchiectasis,
heart failure, closest WBC and neutrophil count prior to index date, COPD severity, AECOPD frequency, and

history of asthma (see chapter 5 for time periods in which baseline covariates were identified).

Table 6.1: Important reference and comparison patient groups.

Reference group Comparison group

High blood eosinophils and ICS High blood eosinophils and no ICS
Low blood eosinophils and ICS*

Low blood eosinophils and ICS Low blood eosinophils and no ICS
High blood eosinophils and ICS*

Note: *Same comparisons.

Sensitivity analyses included using blood eosinophil cut-offs of 300 and 500 cells/ul, continuous blood EOS
count, and excluding patients with a history of asthma [194]. Exploratory analyses included stratification
by airflow obstruction, AECOPD frequency, smoking status, ICS-duration, and type of ICS. Specifically,
continuous duration on ICS-containing medication at baseline was split into four categories: those on an
ICS-containing medication for one to three months, four to six months, seven to nine months, and ten to
twelve months before start of follow-up. This was determined through prescription dates and patients had
to have an ICS-containing medication in the quartile prior to follow-up to be included in this exploratory
analysis. In addition, type of ICS-containing medication included beclomethasone dipropionate,
budesonide, or fluticasone-based medications. Methodology for sensitivity and exploratory analyses were

similar to those used in the main analysis.

Sample size calculations were based on rate of FEV; change as described in chapter 5 and the following

formulae by Schlesselman [195]:
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R was the ratio of the estimated sample sizes associated with each two exposure groups (ICS and non-ICS
r=1.7). Table 6.2 illustrates sample sizes needed to detect a change in FEV; in the total sample and the
number of patients needed on ICS to compare the rates of FEV; decline in patients on ICS compared to
those not on ICS. Bonferonni correction was used to account for multiple testing. Significance threshold

after Bonferonni correction was considered as p<0.0125 (where a=0.05 and the number of tests=4).

Table 6.2: Sample size needed to detect a difference in rates of change in FEV; between ICS and non-ICS groups of patients.

A (ml/year) Number of patients on ICS

2 13,016
3 5,785

4 3,254

5 2,082

7 1,063

10 521
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6.3 Results

A total of 26,675 patients met all inclusion criteria and were included in this study. Figure 6.2 illustrates
the distribution of patients in each EOQS/ICS group. Of those meeting the inclusion criteria, 16,601 (62%)
patients were on ICS at baseline and 10,074 (28%) were not. Of those on ICS at baseline, 69% of patients
had high blood eosinophils (2150cells/pul) and of those not on ICS at baseline, 66% had high blood
eosinophils. Table 6.3 provides additional information on the type of ICS-containing medications and non-
ICS containing medications prescribed at baseline. Of those on ICS-containing medications at baseline,
11,850 (71%) patients were prescribed ICS/LABA combinations, and 4,684 (28%) patients were prescribed
ICS/LABA/LAMA combinations. The median length of follow-up in this study was 4.2 years (IQR:2.5-6.5),
the median number of FEV; measurements during follow-up was 3 (IQR: 2-5), and the time between FEV;

measurements did not differ between blood eosinophil and ICS group.

All patients registered with the NHS

|

222970 COPD patients available in CPRD

|

201,712 COPD patients were current or ex-smokers

|

111,157 patients diagnosed with COPD from 2004, aged 35 or
older, and had linked HES data

|

87.439 patients had at least one FEV) measurement during
follow-up

|

54,588 patients had at least 2 FEV,
measurement at least 6 months apart

l

26,675 patients had at least one eosinophil
measurement at baseline

16,601 patients prescribed at least one ICS- 10,074 patients not prescribed any ICS-containing
containing medication at baseline medication at baseline
11=4§1 patients had 5.140 patients had b pareas il 3,358 patients had
higher blood lower blood higher blood lower blood
eosi.n?phil cqun’rs eosinophil counts - — osinophil counts
Ehlecllzil) C=kaeell=int) (=150cells/ul) (<150cells/ul)

Figure 6.2: Patients included in the study.
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Table 6.3: Medication prescribed in the year prior to the start of follow-up by baseline ICS use.

ICS combinations at baseline No ICS at baseline
(n=16,601) : (n=10,074)
COPD medications ICS ICS/LABA
(n=6,515 (40%)) (n=10,086 (60%))
LABA 1,764 (27) n/a 658 (7)
LAMA 1,061 (16) 4,110 (41) 1,728 (17)
LABA and LAMA 288 (4) 286 (3) 154 (2)

Table 6.4 describes the study population and each EOS/ICS group in terms of baseline characteristics.
Patients in the four subgroups were similar in terms of all baseline characteristics however, fewer women
and fewer patients with a history of Ml were in the low eosinophil groups and ex-smokers, patients with a
history of asthma, severe patients (FEV1<30% predicted), patients experiencing frequent AECOPD, and

patients with higher mMRC dyspnoea were more likely to be on ICS at baseline.
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Table 6.4: Baseline characteristics for all included patients and by eos/ics group.

All patients Blood eosinophil and ICS group

(N=26,675)

Variables
Lower blood
eosinophils &
no ICS
(N=3,358)

Higher blood | Higher blood | Lower blood
eosinophils eosinophils eosinophils
& ICS & no ICS & ICS
(N=11,461) | (N=6,716) (N=5,140)

Female gender 12,379 (46.4) 5,206 (45.4) 2,574 (38.3) 2,920 (56.8) 1,679 (50.0)
Age (years) 69 (62-89) 69 (62-76) 69 (62-76) 70 (62-77) 69 (62-77)
Current smoking status 12,825 (48.1) 5,195 (45.3) 3,564 (53.1) 2,361 (45.9) 1,705 (50.8)
History of MI 2,415 (9.1) 1,105 (9.6) 687 (10.2) 380 (7.4) 243 (7.2)
History of stroke 401 (1.5) 165 (1.4) 104 (1.6) 76 (1.5) 56 (1.7)
History of heart failure 1,802 (6.8) 786 (6.9) 428 (6.4) 380 (7.4) 208 (6.2)
History of lung cancer 171 (0.6) 56 (0.5) 42 (0.6) 43 (0.8) 30(0.9)
History of bronchiectasis 616 (2.3) 317 (2.8) 91 (1.4) 154 (3.0) 54 (1.6)
History of GORD 1,761 (6.6) 780 (6.8) 371 (5.5) 378 (7.4) 232 (6.9)
History of anxiety 2,133 (8.0) 919 (8.0) 453 (6.8) 466 (9.1) 295 (8.8)
History of depression 2,343 (8.8) 1,028 (9.0) 545 (8.1) 488 (9.5) 282 (8.4)
History of asthma 9,623 (36.1) 5,839 (51.0) 574 (8.6) 2,540 (49.4) 279 (8.3)
BMI (N=25,528)
Underweight (BMI<18.5kg/m?) 1,053 (4.1) 366 (3.3) 243 (3.8) 249 (5.1) 105 (6.1)
Normal (BMI 18.5-25kg/m?) 8,130 (31.9) | 3,248(29.6) = 2,023 (31.4) 1,649 (33.8)  1,210(27.7)
Overweight (BMI 25-30kg/m?) 8,718 (34.2) | 3,814(34.7) = 2,293(35.5) 1,585(32.5) 1,026 (32.0)
Obese (BMI<305kg/m?) 7,627 (29.9) | 3,552 (32.4) @ 1,894(29.4) 1,401 (28.7) 780 (24.3)
White blood cell count (cells/pl) 7.6 7.9 7.8 7.2 7.1
(6.4-9.1) (6.6 —9.3) (6.6—-9.2) (6.0-8.7) (5.9-18.5)
Neutrophil count (cells/pl) 4.5 4.7 4.5 4.5 4.3
(N=26,585) (3.6-5.7) (3.7-5.8) (3.6-5.6) (3.5-5.8) (3.4-5.5)
Airflow obstruction (N=26,518)
Mild (280% FEV; predicted) 5,550 (20.9) 2,185 (19.2) 1,556 (23.3) 957 (18.8) 852 (25.5)
Moderate (50-80% FEV, predicted) 13,834 (52.2) 5,640 (49.5) 3,879 (58.1) 2,469 (48.4) 1,846 (55.3)
Severe (30-50% FEV; predicted) 5,988 (22.6) 2,935 (25.8) 1,092 (16.3) 1,407 (27.6) 554 (16.6)
Very severe (<30% FEV: predicted) 1,146 (4.3) 633 (5.6) 154 (2.3) 270 (5.3) 89 (2.7)
AECOPD frequency
None 11,132(41.7) 4,009 (35.0) 3,508 (52.2) 1,835 (35.7) 1,780 (53.0)
1 moderate, 0 severe 6,462 (24.2) 2,733(23.9) | 1,663(24.8) | 1,178(22.9) 887 (26.4)
2 moderate, 0 severe 3,530(13.2) 1,680 (14.7) 754 (11.2) 765 (14.9) 331 (9.9)
>3 moderate, 0 severe 4,226 (15.8) 2,317 (20.2) 635 (9.5) 999 (19.4) 275 (8.2)
1 severe, any moderate 1,084 (4.1) 583 (5.1) 135 (2.0) 292 (5.7) 74 (2.2)
>2 severe, any moderate 242 (0.9) 139 (1.2) 21(0.3) 71 (1.4) 11 (0.3)
mMRC dyspnoea score (N=18,090)
0 3,749 (20.7) 1,313 (17.6) 1,287 (26.2) 531 (15.8) 618 (26.2)
1 7,457 (41.2)  2,911(39.0) 2,177 (44.3) 1,315(39.2) 1,054 (44.7)
2 4,435 (24.5)  2,030(27.2) 986 (20.1) 945 (28.2) 474 (20.1)
3 2,066 (11.4) 998 (13.4) 396 (8.1) 493 (14.7) 179 (7.6)
4 383 (2.1) 215 (2.9) 66 (1.3) 68 (2.0) 34 1.4)
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6.3.1 Rate of change in FEV1 with prevalent ICS use

The mean adjusted rate of change of FEV; in those on ICS-containing medication was -13.3 ml/year (95%
Cl -22.3 to -4.4) and -21.4 ml/year (95% Cl -25.4 to -17.3) in patients not on an ICS-containing medication
(p=0.001). Reference classes include women, ex-smokers, no comorbidities, mild airflow obstruction, no
AECOPD in first year of follow-up, mMRC score of 0, and normal BMI, mean wbc (7,700 cells/ul), and mean
neutrophil count (4,600 cells/ul).

Table 6.5 illustrates the rates of change in FEV; for each EOS/ICS group. Irrespective of blood eosinophil
level, patients on an ICS-containing medication have slower rates of change in FEV; compared to those not
on an ICS-containing medication (adjusted mean rates -14.4 ml/year and -11.0 ml/year in ICS groups

compared to -21.1 ml/year and -22.0 ml/year in non-ICS groups).

Table 6.5: Rate of change in FEV; by EQS/ICS group in prevalent ICS cohort.

Crude rate of FEV; P value for Adjusted* rate of P value for
change ml/year significant FEV; change differences
(95% Cl) differences ml/year (95% Cl) between rates
(N=26,675) between rates (N=17,557)

Higher blood -16.8 1 (ref) -14.4 1 (ref)

eosinophil level & (-18.9 to -14.8) (-17.6 to -11.1)

ICS (crude

n=11,461, adjusted

n=7,255)

Higher blood -24.3 <0.0001 -21.1 0.026

eosinophil level & (-30.5to -18.2) (-30.2 to -11.9)

no ICS (crude
n=6,716, adjusted

n=4,783)
Lower blood -15.5 0.479 1 (ref) -11.0 0.261 1 (ref)
eosinophil level & (-21.2 t0 -9.7) (-20.1 to -1.9)

ICS (crude n=5,140,

adjusted n=3,238)

Lower blood -28.4 <0.0001 | <0.0001 -22.0 0.058 0.013

eosinophil level & (-35.8 to -21.0) (-33.1t0 -10.9)

no ICS (crude

n=3,358, adjusted

n=2,281)
Note: *adjusted for: gender, age, smoking status, M, stroke, HF, lung cancer, bronchiectasis, GORD, anxiety, depression, BMI,
WBC count, neutrophil count, airflow obstruction, AECOPD frequency, and mMRC dyspnoea.
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6.3.2 Rate of change in FEV1 with incident ICS use

The incident cohort included patients who were not on an ICS-containing medication at baseline. A total of
12,469 patients who were included in this study population of which 3,417 patients newly initiated ICS-
containing medication (LABA/ICS 2,604 (76%); ICS 813 (24%)). It is important to note that whilst 10,074
patients were classed as non-ICS users in the prevalent cohort, a total of 12,469 were included in the
incident cohort. This is because the prevalent cohort included non-ICS users censored at their first ICS
prescription during follow-up and patients were still required to have at least two FEV: measurements at
least 6 months apart. This meant that patients who were censored at time of first prescription without 2
FEV: measurements 6 months apart within this follow-up were not included in the prevalent cohort.
However, these patients could have been included in the incident cohort if their first ICS prescription was
in the first year of follow-up. Similar to the prevalent patients not on ICS-containing medications at baseline
in the incident cohort were censored at their first ICS prescription during follow-up. In addition, patients
prescribed ICS only were on other maintenance therapy including LAMA, SABA, and SAMA. In this cohort,

the median number of FEV; measurements during follow-up was 4 (IQR:3-6).

The mean adjusted rate of change in FEV; in patients on newly initiating ICS-containing medication was
+3.7 ml/year and -21.6 ml/year in patients not on an ICS-containing medication (p<0.0001). Reference
classes include women, ex-smokers, no comorbidities, mild airflow obstruction, no AECOPD in first year of

follow-up, mMRC score of 0, normal BMI, mean wbc (8,300 cells/ul), and mean neutrophil count (4,800

cells/ul).

A significant difference was seen between patients with higher blood eosinophils on ICS-containing
medication and all other groups (table 6.6). Whilst FEV; declined slower in patients with lower eosinophils
on an ICS-containing medication, there was no significant difference between patients with ICS and lower

blood eosinophils and those with no ICS-containing medication.
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Table 6.6: Rates of change in FEV; by EOS/ICS group in incident ICS cohort.

level & no ICS
(crude n=3,068,
adjusted n=1,933)

(-41.6 to-17.9)

(-54.4 to 11.3)

Crude rate of P value for Adjusted* rate of P value for
FEV; change significant FEV: change differences
ml/year differences ml/year between rates
(95% Cl) between rates (95% Cl)
(N=12,469) (N=6,402)
High blood eosinophil -10.7 1 (ref) 12.1 1 (ref)
level & ICS (-15.5 to -5.9) (-3.5t0 27.0)
(crude n=2,336,
adjusted n=315)
High blood eosinophil -25.9 <0.0001 -21.7 <0.0001
level & no ICS (-36.9 to -15.0) (-53.6 t0 10.3)
(crude n=5,984,
adjusted n=4,006)
Low blood eosinophil -15.5 0.284 1 (ref) -16.2 0.046 1 (ref)
level & ICS (-29.0to -1.9) (-59.6 to 27.1)
(crude n=1,081,
adjusted n=148)
Low blood eosinophil -29.7 <0.0001 | 0.002 -21.5 <0.0001 | 0.668

Note: *adjusted for: gender, age, smoking status, history of M, history of stroke, history of HF, history of lung cancer, history of
bronchiectasis, history of GORD, history of anxiety, history of depression, BMI, WBC count, neutrophil count, airflow obstruction,
AECOPD frequency, and MRC dyspnoea.

6.3.3 Exploratory analyses results

Rate of change of FEV: between each EOQS/ICS group did not differ by baseline airflow obstruction (FEV;

percent predicted) (table 6.7). When stratified by AEOCPD frequency, rate of change of FEV; was slower in

ICS-containing groups compared to non-ICS-containing medication groups however, no significant

difference was seen (table 6.8). In terms of smoking status, rate of change of FEV; was significantly slower

in ex-smokers with high blood eosinophils regardless of ICS use. Whilst a similar trend was seen in lower

blood eosinophil groups, no significant difference was seen between smokers and ex-smokers (table 6.9).
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Table 6.7: Rates of change of FEV; by EOS/ICS group, stratified by COPD severity.

P value for
differences
between rates

EOS/ICS Adjusted* rate of

FEV: change

Airflow obstruction
(percent FEV;)

ml/year (95% Cl)

Mild Higher blood eosinophil level & ICS -76.2 1 (ref)

(280% FEV, (n=1,505) (-85.4 to -71.0)

predicted) Higher blood eosinophil level & no -77.9 0.956
ICS (-97.3 to -58.5)
(n=1,165)
Lower blood eosinophil level & ICS -75.2 0.659 | 1 (ref)
(n=682) (-95.5 to -55.0)
Lower blood eosinophil level & no ICS -73.5 0.549 | 0.842
(n=604) (-96.1 to -50.8)

Moderate Higher blood eosinophil level & ICS -9.8 1 (ref)

(50-80% FEV, (n=3,672) (-13.7 to -5.9)

predicted) Higher blood eosinophil level & no -12.6 0.409
ICS (-23.3 to -2.0)
(n=2,803)
Lower blood eosinophil level & ICS -7.5 0.522 | 1 (ref)
(n=1,607) (-18.5t0 3.5)
Lower blood eosinophil level & no ICS -12.5 0.550 | 0.323
(n=1,264) (-25.2t0 0.4)

Severe Higher blood eosinophil level & ICS 13.5 1 (ref)

(30-50% FEV: (n=1,752) (6.2 to 20.9)

predicted) Higher blood eosinophil level & no 30.8 0.044
ICS (6.6 to 55.0)
(n=721)
Lower blood eosinophil level & ICS 21.1 0.263 | 1 (ref)
(n=813) (0.5t0 41.7)
Lower blood eosinophil level & no ICS 27.9 0.233 | 0.594
(n=366) (-3.0to0 58.8)

Very Severe Higher blood eosinophil level & ICS 43.3 1 (ref)

(<30% FEV, (n=326) (23.0 to 63.58)

predicted) Higher blood eosinophil level & no 76.3 0.283
ICS (-4.2 to 156.8)
(n=94)
Lower blood eosinophil level & ICS 46.7 0.865 | 1 (ref)
(n=136) (-12.9 to 106.3)
Lower blood eosinophil level & no ICS 104.8 0.164 | 0.209

(n=47)

(-2.1to0 211.7)

Note: *adjusted for: gender, age, smoking status, history of M, history of stroke, history of HF, history of lung cancer, history of
bronchiectasis, history of GORD, history of anxiety, history of depression, BMI, WBC count, neutrophil count, airflow obstruction,

and mMRC dyspnoea.
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Table 6.8: Rates of change of FEV; by EOS/ICS group, stratified by AECOPD frequency.

P value for
differences
between rates

AECOPD frequency

EOS/ICS group

Adjusted* rate of FEV;
change ml/year (95% Cl)

0 Higher blood eosinophil level -12.8 1 (ref)
& ICS (-18.3 to -7.4)
(n=2,609)
Higher blood eosinophil level -19.7 0.120
& no ICS (-33.9to -5.6)
(n=2,502)
Lower blood eosinophil level -9.2 0.467 | 1 (ref)
& ICS (-24.51t0 6.2)
(n=1,176)
Lower blood eosinophil level -20.3 0.184 | 0.084
& no ICS (-36.8 to -3.8)
(n=1,221)
1 moderate, 0 severe | Higher blood eosinophil level -15.0 1 (ref)
& ICS (-21.6 to -8.5)
(n=1,702)
Higher blood eosinophil level -20.8 0.334
& no ICS (-39.1t0 -2.6)
(n=1,195)
Lower blood eosinophil level -3.9 0.069 | 1 (ref)
& ICS (-21.9to0 14.6)
(n=740)
Lower blood eosinophil level -21.5 0.411 | 0.045
& no ICS (-43.51t0 0.5)
(n=597)
2 moderate, 0 severe = Higher blood eosinophil level -16.4 1 (ref)
& ICS (-24.0 to -8.7)
(n=1,049)
Higher blood eosinophil level -24.9 0.288
& no ICS (-48.5 to -81.4)
(n=534)
Lower blood eosinophil level -19.8 0.627 | 1 (ref)
& ICS (-41.2 to -1.7)
(n=492)
Lower blood eosinophil level -25.3 0.431 0.648
& no ICS (-55.3t0 4.7)
(n=237)
3+ moderate, 0 Higher blood eosinophil level -14.9 Ref
severe & ICS (-22.1to0 -7.7)
(n=1,460)
Higher blood eosinophil level -25.0 0.295
& no ICS (-51.0t0 1.1)
(n=452)
Lower blood eosinophil level -14.5 0.954 | Ref
& ICS (-35.0t0 5.9)

(n=621)
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1 severe, any
moderate

2+ severe, any
moderate

Lower blood eosinophil level
& no ICS

(n=177)

Higher blood eosinophil level
& ICS

(n=355)

Higher blood eosinophil level
& no ICS

(n=87)

Lower blood eosinophil level
& ICS

(n=167)

Lower blood eosinophil level
& no ICS

(n=43)

Higher blood eosinophil level
& ICS

(n=80)

Higher blood eosinophil level
& no ICS

(n=13)

Lower blood eosinophil level
& ICS

(n=42)

Lower blood eosinophil level
& no ICS

(n=6)

-29.5
(-68.3t09.3)

-8.0
(-25.2t09.1)

-12.0
(-85.4 to 61.3)

-15.0
(-62.9 to 33.0)

-43.5
(-131.8 to 44.8)

-67.7
(-113.8 to -21.7)

62.0
(-259 to 383.9)

-17.1
(-135.9 to 101.7)

-53.0
(-434.1 to 328.0)

0.364

Ref

0.888

0.658

0.328

Ref

0.356

0.172

0.931

0.368

ref

0.488

Ref

0.834

Note: *adjusted for: gender, age, smoking status, history of Ml, history of stroke, history of HF, history of lung cancer, history of
bronchiectasis, history of GORD, history of anxiety, history of depression, BMI, WBC count, neutrophil count, airflow obstruction,

and mMRC dyspnoea.
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Table 6.9: Rates of change of FEV; by EQS/ICS group, stratified by smoking status.

EOS/ICS group

Smoking status

Adjusted* rate of

FEV: change

ml/year (95% Cl)

P value for
difference
between rates

Higher blood Smokers (n=3,344) -19.4 1 (ref)
eosinophils & ICS (-30.4 to -8.4)
Ex-smokers (n=3,911) -10.3 0.007
(-14.7 to -5.8)
Higher blood Smokers (n=2,537) -27.9 1 (ref)
eosinophils & no (-44.5to0 -11.2)
ICS Ex-smokers (n=2,246) -13.9 0.004
(-20.8 to -6.9)
Lower blood Smokers (n=1,502) -15.1 1 (ref)
eosinophils & ICS (-31.6 to0 1.3)
Ex-smokers (n=1,736) -8.5 0.183
(-15.1 to -1.8)
Lower blood Smokers (n=1,155) -24.7 1 (ref)
eosinophils & no (-48.1 to -1.3)
ICS Ex-smokers (n=1,126) -19.1 0.425
(-28.8 to -9.4)

Note: *adjusted for: gender, age, history of Ml, history of stroke, history of HF, history of lung cancer, history of bronchiectasis,
history of GORD, history of anxiety, history of depression, BMI, WBC count, neutrophil count, airflow obstruction, AECOPD
frequency, and mMRC dyspnoea.
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Those on ICS-containing medication continuously for 1-3 months prior to start of follow-up had a slower
rate of change of FEV; (-5.6 ml/year) compared to those on ICS continuously for 4-6 months (-15.8 ml/year)
and a significantly slower rate compared to 10-12 months (-18.2 ml/year) in the complete study population
(test for trend p=0.012). Whilst there was a similar pattern in patients with low and high eosinophils
separately, the trend was non-significant (Table 6.10). In terms of drug type, no significant difference in

rate of change of FEV; was seen between patients on any ICS-containing medication (table 6.11).
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Table 6.10: Rates of change of FEV, stratified by ICS duration and EQS level.

Blood eosinophil Duration on ICS- Adjusted* rate P value P value for test for trend
level containing medication of FEV; change
at baseline ml/year
(95% ClI)

Higher & lower 1-3 months -5.6 1 (ref) 0.012
blood eosinophils (n=3,312) (-10.6 to -0.6)
(all) 4-6 months -15.8 0.044

(n=1,077) (-30.7 to -0.9

7-9 months -8.7 0.597

(n=736) (-25.4 to 8.0)

10-12 months -18.2 <0.0001

(n=4,456) (-29.7 to -6.6)
Lower blood 1-3 months -0.3 1 (ref) 0.074
eosinophils (n=965) (-9.2 to0 8.87

4-6 months -20.6 0.027

(n=332) (-47.5t0 6.3)

7-9 months -10.6 0.318

(n=232) (-39.8 t0 18.6)

10-12 months -16.6 0.007

(n=1,373) (-37.3 to 4.1)
Higher blood 1-3 months -8.0 1 (ref) 0.062
eosinophils (n=2,167) (-14.0 to -2.0)

4-6 months -13.8 0.340

(n=745) (-31.7to0 4.1)

7-9 months -8.0 0.998

(n=504) (-28.3t0 12.3)

10-12 months -19.1 0.006

(n=3,083) (-33.0to0 -5.2)

Note: *adjusted for: gender, age, smoking history, history of M, history of stroke, history of HF, history of lung cancer, history of
bronchiectasis, history of GORD, history of anxiety, history of depression, BMI, WBC count, neutrophil count, AECOPD frequency,
airflow obstruction, mMRC dyspnoea, and blood eosinophil level (only in analysis including both blood eosinophil levels).
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Table 6.11: Rates of change of FEV, stratified by type of ICS-containing medication and EOS level.

Blood Type of ICS-containing medication  Adjusted* rate of P value for
eosinophil FEV: change differences
level ml/year between rates
(95% ClI)
Higher & lower Beclometasone diproprionate -16.2 1 (ref)
blood (n=3,161) (-20.9to -11.4)
eosinophils Budesonide -13.7 0.546  0.574
(all) (n=2,017) (-26.5 to -1.0)
Fluticasone -11.6 0.148 1 (ref)
(n=5,314) (-22.5t0 -0.7)
Lower blood Beclometasone diproprionate -16.4 1 (ref)
eosinophils (n=989) (-24.8 to -8.0)
Budesonide -5.3 0.119 | 0.430
(n=665) (-27.7 t0 17.0)
Fluticasone -10.6 0.306 | 1 (ref)
(n=1,584) (-30.1t0 8.8)
Higher blood Beclometasone diproprionate -16.3 1 (ref)
eosinophils (n=2,172) (-22.1 to -10.6)
Budesonide -17.6 0.807  0.236
(n=1,352) (-33.0to0 -2.1)
Fluticasone -12.1 0.257 1 (ref)
(n=3,730) (-25.2to0 1.1)

Note: *adjusted for: gender, age, smoking history, history of M, history of stroke, history of HF, history of lung cancer, history of
bronchiectasis, history of GORD, history of anxiety, history of depression, BMI, WBC count, neutrophil count, AECOPD frequency,
airflow obstruction, mMRC dyspnoea and blood eosinophil level (only in analysis including both blood eosinophil levels).

6.3.4 Sensitivity analyses results

When using blood eosinophil cut offs of 300 and 500cells/pl, patients with low blood eosinophils on an ICS-
containing medication had significantly slower rates of change of FEV: compared to those not on an ICS-
containing medication (table 6.12). However, patient numbers were low in these sub-groups and there was
inadequate statistical power for a reliable analysis. Furthermore, when continuous eosinophil count was
modelled, there was no association with change in FEV; in patients on or not on ICS-containing medications

at baseline (table 6.13).

When patients with a history of asthma were excluded, 17,052 patients remained. The decline in FEV;
across eosinophil/ICS groups varied from -12.3 ml/year to -21.6 ml/year. The pattern in differences
between eosinophil/ICS groups was similar to that in the main analysis, but no significant differences were

seen (table 6.14).
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Table 6.12: Rates of change of FEV; by EOS/ICS group using EOS cut-offs of 300cells/ul and 500 cells/ul.

P value for
differences

Cl) between rates
(N=17,557)

EOS/ICS

Adjusted* rate of
FEV: ml/year (95%

Eosinophil cut-off

300cells/pl Higher blood eosinophil level & ICS -12.8 1 (ref)
(n=3,465) (-17.5 to -8.1)
Higher blood eosinophil level & no -20.3 0.097
ICS (-33.9to -6.7)
(n=2,106)
Lower blood eosinophil level & ICS -13.6 0.763 | 1 (ref)
(n=7,028) (-24.1 to -3.2)
Lower blood eosinophil level & no ICS -21.8 0.008 | 0.006
(n=4,958) (-33.3t0 -10.4)

500cells/pl Higher blood eosinophil level & ICS -12.0 1 (ref)
(n=916) (-21.3 t0 -2.8)
Higher blood eosinophil level & no -17.8 0.531
ICS (-45.2 10 9.6)
(n=498)
Lower blood eosinophil level & ICS -13.4 0.767 | 1 (ref)
(n=9,577) (-32.4t0 5.4)
Lower blood eosinophil level & no ICS -21.6 0.064 | 0.002
(n=6,566) (-41.6to -2.2)

Note: *adjusted for: gender, age, smoking status, history of M, history of stroke, history of HF, history of lung cancer, history of
bronchiectasis, history of GORD, history of anxiety, history of depression, BMI, WBC count, neutrophil count, airflow obstruction,
AECOPD frequency, and mMRC dyspnoea.

Table 6.13: Rates of change of FEV; per unit increase in EOS count.

ICS use at baseline  Change in cruderate Pvalue Change in adjusted* rate of P value
of FEV; ml/year (95% FEV: ml/year (95% Cl) per 1
Cl) per 1 unit unit increase in eosinophil
increase in count
eosinophil count

ICS 0.0008 0.857 -0.01 0.124
(Crude n=16,601, (-0.008 to 0.01) (-0.03 to 0.003)
adjusted n=10,493)
No ICS -0.004 0.684 -0.001 0.932

(Crude n=10,074,
adjusted n=7,064)

(-0.02 to 0.01)

(-0.03 to 0.02)

Note: *adjusted for: gender, age, smoking status, history of M, history of stroke, history of HF, history of lung cancer, history of
bronchiectasis, history of GORD, history of anxiety, history of depression, BMI, WBC count, neutrophil count, airflow obstruction,
AECOPD frequency, and mMRC dyspnoea.
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Table 6.14: Rates of change of FEV; by EOS/ICS group excluding patients with a history of asthma.

Crude rate of FEV; P value for Adjusted* rate of P value for
change ml/year significant FEV; change ml/year significant
(95% Cl) differences (95% Cl) differences
(N=17,052) between rates (N=11,708) between rates
Higher blood -20.1 1 (ref) -20.6 1 (ref)
eosinophil level & (-23.2 t0 -17.0) (-25.4 to -15.8)
ICS

(crude n=5,535,
adjusted n=3,667)

Higher blood -24.0 0.121 -21.6 0.773
eosinophil level & (-31.9to -16.0) (-33.5t0 -15.8)
no ICS

(crude n=5,940,
adjusted n=4,279)

Lower blood -16.8 0.237 1 (ref) -13.9 0.128 1 (ref)
eosinophil level & (-25.4 to -8.1) (-27.3 to -0.5)
ICS

(crude n=2,605,
adjusted n=1,704)

Lower blood -28.6 0.007 | 0.001 -21.9 0.766 | 0.132
eosinophil level & (-37.9 to -19.4) (-35.8 to -8.1)
no ICS

(crude n=2,972,
adjusted n=2,058)

Note: *adjusted for: gender, age, smoking status, history of Ml, history of stroke, history of HF, history of lung cancer, history of
bronchiectasis, history of GORD, history of anxiety, history of depression, BMI, WBC count, neutrophil count, airflow obstruction,
AECOPD frequency, and mMRC dyspnoea.
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6.4 Discussion

6.4.1 Main findings

This was the first observational study to investigate the relationship between ICS-containing medication
and blood eosinophils on the rate of change of FEV; over an extended period. COPD patients of different
degrees of airflow limitation were included, who may not have met inclusion criteria for some of the
randomised clinical trials, in which FEV; decline has been previously investigated. Overall, the rate of FEV;
decline was slower in patients on prevalent ICS-containing medication compared to patients not on ICS,
regardless of blood eosinophil level. However, the difference in the decline was not statistically significant
after Bonferroni correction. In addition, patients with higher blood eosinophils who initiated ICS-containing
treatment had an increase in change in FEV: compared to a decline in the change in FEV; seen in patients
in the other three groups. These results suggest that whilst receiving an ICS-containing medication slows
down the rate of FEV; decline in COPD patients (by approximately 6-10ml/year), new ICS-users with higher
blood eosinophils may benefit more when first started on ICS than those with lower blood eosinophils.
Overall, however, these results suggest prevalent ICS-containing medication use in COPD patients is

associated with slower rate of FEV; decline irrespective of eosinophil level.

Interestingly, the exploratory analysis that investigated the effect of time on baseline ICS also highlighted
that patients who had not been on ICS containing medications for long prior to start of follow-up had a
slower rate of FEV; decline compared to patients on ICS containing medication for more than three months
to up to one year or more. Whilst the trend in time on ICS was not statistically significant (only border line
not significant) it is possible that if groups of patients were broken down further to include a category for
being on ICS for more than one year, a clearer difference could have been seen. This analysis echoes the
finding that incident ICS users had a slower mean rate of FEV; decline compared to that of prevalent ICS

users.
6.4.2 Previous literature

Few observational studies have investigated the relationship between rate of change of FEV;, ICS-
containing medication, and blood eosinophils. In contrast to the main finding, a study in non-asthma COPD
patients from the Korean COPD Subtype Study (KOCOSS) cohort found no difference in rate of decline in
FEV: between those with higher or lower blood eosinophils (using 200cells/ul and 600cells/ul cut-off),
whether on ICS/LABA, or not. Findings from KOCOSS showed that FEV; increased in patients with higher
eosinophils, regardless of being on an ICS or not and in those with lower eosinophils (<200cells/ul) FEV;
declined faster in ICS users [190]. Furthermore, in contrast to our main finding, a further study on blood
eosinophils and FEV; over time found that higher blood eosinophils >400cells/ul were associated with
greater decline in FEV; in a relatively small general population of people living in New Zealand (the Dunedin
Multidisciplinary Health and Development Study) [196]. The differences between previous studies and this
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study could be explained by differences in study populations and definitions of study exposures. For
example, the KOCOSS study included fewer COPD patients and identified patients from hospital whereas
this study included more patients primarily identified at the GP and the Dunedin Multidisciplinary Health

and Development Study included people from the general population rather than a COPD population.

In addition, in terms of the incident ICS-containing cohort, a post-hoc analysis of the ISOLDE trial found that
COPD patients with higher blood eosinophil levels greater than 2% of their total WBC count who were on
an ICS had lower rates of FEV; decline compared to those on a placebo. No difference was seen between
patients with lower blood eosinophil counts on an ICS or a placebo [40]. However, a post-hoc analysis of
two RCTs found that there was a numerically lower mean improvement in trough FEV; over one year in
patients treated with ICS/LABA with lower eosinophils, compared to those with higher eosinophils, but the
confidence intervals between the two groups overlapped widely [188]. Those studies, like the majority of
RCTs, included a wash-out period before initiating patients on randomised medication and are therefore
similar to our incident cohort design. This explains why the findings from the incident ICS cohort were

similar to previous RCT findings as they had a similar study design.

One explanation as to why changes in FEV; were much slower in patients initiating ICS than those on
prevalent ICS might be that their adherence to their new treatment was better. It is possible that patients
were more compliant with newly prescribed medications or more aware of their inhaler technique. A
recent study found that in only 33.6 % of COPD patients showed complete adherence to their treatments
(defined as = 80% of prescribed inhalers dispensed) and adherence was higher in more severe patients
[197]. Other studies have also found that in COPD patients, adherence to ICS is low at 20-33% [198, 199].
On the other hand, Mueller and colleagues found that adherence to ICS in a population of German COPD
patients was higher at 78% [200]. This might explain differences seen between the incident and prevalent
ICS cohorts in this study as patients in the incident cohort might be adhering to their ICS treatments more
as they start their treatments. In addition, one study found that risk of discontinuation of LABA was higher
in COPD patients also taking ICS and it is possible that the anti-inflammatory effect of ICS is greater in the
presence of beta agonists by increasing the number of beta-receptors to improve bronchodilation from
LABA [120, 121, 201]. Therefore, the discontinuation of LABA may also have influenced the effectiveness

of ICS and consequently rate of FEV; decline.
6.4.3 Limitations

Despite using a highly sensitive algorithm to identify patients with COPD, misdiagnosis of asthma as COPD
and vice versa could not be excluded, notably in patients over the age of forty [196, 202]. Based on findings
from previous work on misclassification of asthma and COPD, patients with a history of asthma were
excluded in a sensitivity analysis. Specifically, those with an asthma diagnosis more than 2 years prior to

study start were excluded following previous work on COPD and asthma diagnosis [194]. After excluding
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patients with a history of asthma no significant differences were seen between groups in the rate of decline
in FEV1. This is probably due to a smaller sample size and thus underpowered analysis rather than asthma
driving the association between ICS-containing medication and rate of change of FEV;, given we adjusted

for history of asthma in all other analyses.

Only COPD patients whose general practices contribute to CPRD were included in my cohort and patients
may not be representative of the true UK population of people with COPD. In addition, included patients
had to have at least one blood eosinophil measurement at baseline, which introduces selection bias. Blood
tests for COPD patients may have been performed due to reasons other than COPD, such as infections. To
obtain a patient’s stable blood eosinophil measurement blood eosinophil counts that were within four
weeks of an AECOPD, or prescribed oral corticosteroid were not included and research suggests blood

eosinophils are stable over relatively short periods of time [144].

In addition, missing data were present for the BMI, mMRC, neutrophil count, and airflow obstruction.
Whilst complete case analysis was performed in adjusted models, previous work suggests that patients
with complete data on specific variables could have a different rate of lung function decline compared to
those without complete data (see chapter 4) and should be noted. This is likely to occur is baseline data
are not missing completely at random and if the probability of being missing is dependent on the outcome.
Specifically, BMI and mMRC had high proportions of missing data. Findings from the incident cohort found
that the unadjusted estimate for patients with high blood eosinophils on ICS different drastically from the
adjusted estimate for the same group. This might be due to a difference in the type of patients included in
the fully adjusted complete case analysis population compared to the total population used in the
unadjusted analysis. Future work should investigate the use of complete case analysis and methodology to

overcome biases that might occur due to missing baseline data.

Similarly, patients with low baseline FEV1 % predicted had mean rates of change in FEV; that increased
compared to patients with higher FEV1 % predicted, which was also seen in chapter 5. This might be due to
poorly recorded spirometry or survival bias in patients with severe disease. Lastly, this study is an
observational study so we cannot infer causation. It is also important to note that residual confounding

may still exist due to the observational nature such as ICS dosage.

6.5 Conclusion

In conclusion, in a large primary care cohort of COPD patients, FEV; decline was slower in prevalent ICS-
containing medication patients, regardless of blood eosinophil level. Incident ICS-containing medication in
patients with higher blood eosinophil levels showed more benefit more compared to patients with lower
blood eosinophils however, over time this difference was lost. Further long-term observational studies on

the use of ICS-containing medications stratified by eosinophil levels are needed and research into further
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possible biomarkers and patient characteristics may help define a subgroup of COPD patients who benefit

from ICS-containing medications more than others in terms of FEV; decline.
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Chapter 7
ICS withdrawal from triple therapy and
rate of FEV; decline

Findings from previous chapters have found that the rate of FEV; decline in ICS and non-ICS users is similar

over the long-term. Recent ERS guidelines state that ICS withdrawal should be considered in specific COPD
patients on triple therapy however, the relationship between ICS withdrawal and rate of FEV; decline has

not been investigated in a population of generalisable COPD patients seen in everyday clinical practice.
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7.1 Introduction

ICS are commonly prescribed in patients with COPD along with LABA to reduce future risk of AECOPD
and to improve lung function. Following NICE and GOLD guidelines, triple therapy (ICS/LABA/LAMA)
should be prescribed to COPD patients who have a history of frequent or severe AECOPDs requiring
hospitalisation, who have blood eosinophils 2300cells/ul, or who have a history of asthma [21, 203].
Despite this, ICS has been associated with an increased risk of pneumonia and it is important to
identify subpopulations of COPD patients who benefit from continued use [26, 204]. Recent guidelines
state that ICS withdrawal should be considered in patients on triple therapy who do not have a history
of frequent AECOPD in the previous 12 months and have blood eosinophils less than 300cells/ul [203].
This guideline is largely backed up by results from the WISDOM trial.

The WISDOM trial is multicentered, double blind RCT that compared outcomes between COPD
patients on triple therapy (18ug tiotropium, 50ug salmeterol, 500ug fluticasone propionate) and COPD
patients who started on triple therapy but withdrew from the ICS component (fluticasone propionate)
in a stepwise fashion over 18 weeks. All patients were on triple therapy for 6 weeks prior to
randomisation of the intervention, ICS withdrawal. Patients were followed up for a year and outcomes
including first AECOPD event and lung function were assessed [161]. Overall, the trial found that
regardless of ICS withdrawal, COPD patients were at a similar risk of AECOPD (hazard ratio (HR) for
first moderate or severe AECOPD: 1.06 (95% Cl 0.94 — 1.19). On the other hand, the trial found that
patients with withdrew from ICS had a larger decline in pre-bronchodilator FEV; compared to patients
who remained on triple therapy with a 43ml difference in FEV; after one year of follow-up
(approximate adjusted mean rates were -20ml/year in patients who remained on triple therapy and -

60ml/year in patients who withdrew from ICS).

One main criticism of the trial was that a select group of COPD patients were included in the trial. The
WISDOM trial inclusion criteria required patients to be over the age of 40, be current smokers (=10
pack years) or ex-smokers, have a diagnosis of severe or very severe COPD based on an FEV;<50%
predicted and FEV1/FVC<70%, and have at least one AECOPD in the year prior to randomisation. In
addition to that, the trial exclusion criteria required patients to not have a current diagnosis of asthma,
to not have a history of bronchiectasis, to not have a record of an Ml or cardiac arrythmia 3 months
prior to randomisation, to not have had heart failure one year prior to randomisation, and to not have
had an AECOPD 6 weeks prior to randomization [161]. While randomised controlled trials (RCT) will
continue to be the gold standard for assessing the efficacy of medical interventions, they do not
typically represent patients seen day to day in clinical practice. Specifically, the WISDOM trial excluded

patients with mild COPD and patients with specific comorbidities. This means that a large proportion
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of patients seen in everyday clinical practice would not have been included in this trial. Findings from
RCTs, such as the WISDOM trial, should therefore be investigated in more generalisable populations

to fully understand the relationship between ICS withdrawal and rate of FEV; decline.

This study aimed to determine if ICS withdrawal led to faster rates of decline, as observed in the
WISDOM trial, in three different types of COPD populations using routinely collected healthcare
record data. Firstly, the relationship between ICS withdrawal and rate of FEV; decline was investigated
in a population of COPD patients who would have met the inclusion and exclusion criteria for the
WISDOM trial and who should be similar to those included in the WISDOM trial. Secondly, in a general
population of COPD patients who are more generalisable to the wider population of COPD patients
seen in clinical practice and thirdly, in COPD patients who have comorbidities that would have meant
they were excluded from WISDOM. These patients are important as they are often excluded from

trials despite being a common population seen in clinical practice [205, 206].
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7.2 Methods

7.2.1 Data sources and study populations

CPRD-Aurum and HES were both used in this study. All patients were included if they had been
diagnosed with COPD, were current or ex-smokers, had at least two FEV1 measurements at least 6
months apart, and had been on triple therapy (ICS/LABA/LAMA) for at least 4 months. A four-month
period was chosen to better identify patients on triple therapy in clinical practice compared to a six-
week run in that the WISDOM trial used. A clinical diagnosis of COPD was used following a validated
algorithm in CPRD [140]. Following this basic inclusion criteria, three different populations were

identified:

1) A population of COPD patients who would have met inclusion and exclusion criteria for the

WISDOM trial.
2) A general primary care COPD population.

3) A specific population of COPD patients who would have been excluded from the WISDOM trial

due to the presence of comorbidities.
Figure 7.1 illustrates how these populations are related in more detail. Specifically:

Cohort 1 included COPD patients who would have met the WISDOM inclusion and exclusion criteria.
Specifically, patients were included if they were aged 40 or older, had severe or very severe airflow
obstruction (FEV; percent predicted <50%), had no AECOPD events 6 weeks prior to start of follow-up
but did have an AECOPD event within one year of start of follow-up (excluding the 6 week period), no
current asthma diagnosis (defined as an asthma diagnosis in the 2 years prior to the start of follow-
up), no history of arrhythmia (3 months prior to start of follow-up) and bronchiectasis, no history of
Ml (3 months prior to the start of follow-up), and no history of hospitalised heart failure (in the 1 year

prior to start of follow-up).

Cohort 2 included all COPD patients who met the basic study inclusion criteria and were aged over 35

years old following the validated definition of COPD.

Cohort 3 included a specific population of COPD patients with comorbidities who would have met part
of the exclusion criteria for WISDOM and would have been excluded. Comorbidities are common in
people with COPD and it is important to understand the relationship between ICS withdrawal and lung
function decline in these patients who are commonly seen clinical practice. It is also important to
investigate these relationships in people not captured by RCTs that have specific inclusion and

exclusion and are not generalisable to the wider population of COPD patients. Specifically, cohort 3
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included patients aged 35 or older with at least of the following comorbidities: a history of arrythmia,
bronchiectasis, MI, hospitalised heart failure, an AECOPD 6 weeks prior to start of follow-up and
current asthma. It is important to note that other than COPD patients with comorbidities (i.e., cohort
3), patients with FEV1 >50% predicted would have also been excluded from WISDOM however, these

patients were not studied on their own.

Figure 7.1: Definition of study populations.

General COPD population
(Population 2)

Patients meeting WISDOM study criteria /\ Patients who would have been excluded from WISDOM

| \

WISDOM po_pulation At least one comorbidity* FEV1 >50% predicted
(Population 1) (Population 3) (not studied)

Note: *at least one of the following comorbidities: a history of arrythmia, bronchiectasis, Ml, hospitalised heart failure, an
AECOPD 6 weeks prior to start of follow-up and current asthma.

7.2.2 Triple therapy and ICS withdrawal exposure

All patients were required to be on triple therapy (ICS/LABA/LAMA) for at least 4 months prior to the
start of follow-up. A triple therapy prescription was defined as an ICS/LABA/LAMA prescription or a
fixed dose combination prescription of an ICS/LABA and LAMA or LABA/LAMA and ICS, or an ICS, LABA,
and LAMA separately within one month of each other. Four months of triple therapy was defined as
having two triple therapy prescriptions at least 60 days apart within a four-month period. Patients
were classed as withdrawing from ICS if they had a LABA/LAMA prescription without evidence of a
prescription of ICS within one month of LABA/LAMA after having been on triple therapy for at least 4
months. All patients were required to be registered at their GP, have an up-to-standard date, be over
the age of 35 or 40 (depending on the cohort), have a validated COPD diagnosis and have data from

the 1°* of January 2004 prior to baseline triple therapy.
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Start of follow-up for patients who withdrew from ICS was the date of first LABA/LAMA after being on
triple therapy for at least four months. Start of follow-up for patients who remained on triple therapy
was the date of the first ICS/LABA/LAMA prescription after being on triple therapy for four months
(figure 7.2). End of follow-up for all patients was the 30" September 2019, or beforehand if they died,

transferred out of the practice, or at the patient’s last collection date.
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Start of follow-up:

- First triple therapy prescription date after 4 months of triple therapy for patients who remained on triple therapy

End of follow-up: 30"
- First LAMA/LABA prescription (with no evidence of 1CS) after at least 4 months of triple therapy

September 2019, death,
transfer out date, last
collection date

Triple therapy for at least

Patients who remain on triple therapy
4 months

Patients who withdraw from ICS

Current registration date, \ J
up-to-standard date, 1%
Jan 2004, 35 or 40 years Y
old, COPD diagnosis date At least two FEV1 measurements at least 6 months
apart

Figure 7.2: Study design.

170



7.2.3 FEV1 measurements

FEV1 measurements were identified from the start of follow-up to the end of follow-up. Patients were
required to have at least two FEV: measurements at least 6 months apart within this period. In
addition, a baseline FEV: measurement was included in order to capture the change in FEV; prior to
ICS withdrawal, similar to baseline FEV; used in RCTs. Therefore, the nearest FEV: measurement within
15 months to the start of follow-up was identified and used in the analysis for rate of FEV; decline. A
15-month period was used following QOF guidelines that state that spirometry should be recorded

every 15 months at a GP in COPD patients [78].
7.2.4 Statistical analysis
Main analysis

Baseline characteristics within patients who remained on triple therapy and patients who withdraw
from ICS were described using proportions (%) and means (SD). Rate of FEV; decline between the two
groups of patients was estimated using a mixed linear regression model with an interaction between
exposure group and time from first FEV; measurement. Rates of FEV; decline were reported using
ml/year. Adjusted rates of decline were additionally adjusted for the following baseline
characteristics: age, gender, smoking status (current or ex-smoking), index of multiple deprivation
(IMD), airflow obstruction (mild: FEV1280% predicted, moderate: 50-70% predicted, severe: 30-49%
predicted, and very severe: £30% predicted), AECOPD frequency in the year prior to the start of follow-
up (none, 1, 2, or >3), BMI (underweight:<18.5kg/m?2, normal:18.5-24.9kg/?, overweight: 25-
29.9kg/m?, and obese:>30kg/m?), and time on triple therapy (from the first date of triple therapy to
the last date of triple therapy). This was the end of follow-up for patients who remained on triple
therapy and the last triple therapy prescription prior to ICS withdrawal in the ICS withdrawal group).
Cohorts 2 and 3 additionally adjusted for current asthma, hospitalised heart failure, and a history of
arrythmia, bronchiectasis, and MI. Cohort 1 did not adjust for these baseline characteristics because

they were part of the exclusion criteria used to define cohort 1.
Sensitivity analyses

Sensitivity analyses were performed to better understand the relationship between ICS withdrawal
and rate of FEV; decline. Firstly, analyses were stratified by smoking status, degree of airflow
obstruction, and AECOPD frequency. These characteristics were chosen as they are common effect

modifiers within COPD patients and are closely associated with lung function decline.
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Second, analyses were repeated in all three cohorts where patients who withdrew from ICS were
censored at their first triple therapy prescription date during follow-up. This differed from the main

analysis which used an intention to treat methodology.

Third, cohorts were created using a different definition for identifying triple therapy prescription.
Unlike the main analysis that defined triple therapy as ICS/LABA and LAMA or LABA/LAMA and ICS or
LABA and LAMA and ICS prescriptions recorded within one month of each other, the sensitivity
analysis used a definition of triple therapy that required each prescription component to be recorded
on the same day. This definition was also used for LABA and LAMA prescriptions to identify ICS

withdrawers.
Sample size considerations

Sample size calculations were based on rate of FEV; change as described in chapter 5. Table 7.1
illustrates sample sizes needed to detect a change in FEV; in the total sample and the number of
patients needed to compared rates of decline between patients who withdrew from ICS and patients
who remained on triple therapy. The estimated ratio of patients withdrawing compared to remaining

on was 10%/90%=0.1).

Table 7.1: Sample size considerations for the number of patients withdrawing from ICS.

A (ml/year) Patients

withdrawing

from ICS
2 95,585
3 41,593
4 23,396
5
7

14,973
7,639
10 3,743
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7.3 Results

Overall, a total of 6,008 COPD patients were included in population 1 which represented patients who
would have met the WISDOM inclusion and exclusion criteria. All these patients were on triple therapy
for at least 4 months. Of those patients, 5,470 (91.0%) remained on triple therapy and 538 (9.0%)

withdrew from ICS. The mean follow-up for this population was 5.9 years (SD 3.0).

Atotal of 60,645 COPD patients were included in population 2 which represented a general population
of COPD patients. Of these patients, 53,671 (88.5%) remained on triple therapy and 6,974 (11.3%)

withdrew from ICS. Th mean follow-up for this population was 5.9 years (SD 3.1).

Lastly, 32,882 COPD patients were included in population 3 which represented COPD patients who
would have been excluded from the WISDOM trial due to comorbidities. Of these patients, 29,301
(89.1%) remained on triple therapy and 3,581 (10.9%) withdrew from ICS. The mean follow-up for this
population was 6.1 years (SD 3.3). Figure 7.3 and Figure 7.4 illustrate the inclusion and exclusion

criteria used to create all three cohorts.

Table 7.2 reports baseline characteristics for all three populations in those who withdrew from ICS
and those who remained on triple therapy as well as mean follow-up and number of FEV;
measurements over follow-up for each subgroup. Population 1 included more males than population
2 and 3. In all populations the ICS withdrawal groups included slightly older patients, more ex-smokers,
and less socioeconomically deprived patients. In addition, population 1 had more patients with normal
or underweight BMI than patients in population 2 and 3. In terms of baseline GOLD grade more very
severe patients in population 1 withdrew from ICS however, the proportion of patients in GOLD groups
in populations 2 and 3 were similar. In terms of AECOPD frequency, patients with no AECOPD events
at baseline were more likely to be ICS withdrawers in population 2. Lastly, in terms of comorbidities,
a greater number of patients in population 3 had current asthma, heart failure, bronchiectasis,

arrythmia, and myocardial infarction.
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COPD, 40 years old, data from 2004

N=520,370

4

HES linkage
N=426,286

v

Current or ex-smoking status

N=403,290

7

Triple therapy (ICS/LABA/LAMA) for 4 months at anytime during follow-up

N=116,053

'

Withdraw from ICS
N=12,366 (10.7%)

v

!

Continue on triple therapy
N=103,687 (89.3%)

’

Patients meeting
WISDOM inclusion and
exclusion criteria
N=996 (8.7%)

Patients meeting
WISDOM inclusion and
exclusion criteria
N=103,687 (89.3%)

!

T

At least 2 FEV1 measurements

atleast 6 months apart
N=538 (8.9%)

At least 2 FEV1 measurements
atleast 6 months apart
N=5,470 (91.1%)

Figure 7.31: COPD patients meeting WISDOM inclusion and exclusion criteria (population 1)

COPD, 35 years old, data from 2004

N=524,837

!

HES linkage
N=430,144

!

Smokers/ex
N=406,168

!

Triple therapy (ICS/LABA/LAMA)for 4 months at anytime during follow-up

N=116,374

Meet WISDOM exclusion
criteria
N=5,621 (9.4%)

!

1

Withdraw from ICS

!

At least 2 FEV1
measurements at least 6
months apart
N=3,581 {10.9%)

Population 3

N=12,380 (10.6%)

Continue on tripletherapy

N=103,994 (89.4%)

!

!

At least 2 FEV1

months apart
N=6,974 (11.5%)

measurements at least 6

At least2 FEV1
measurements at least6
months apart
N=53,671 (88.5%)

\

)

Population 2

Figure 7.4: COPD patients included in population 2 and population 3.

Meet WISDOM exclusion
criteria
N=54,341 (90.6%)

v

At least 2 FEV1
measurements at least 6
months apart
N=29,301 (89.1%)

Population 3
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Table 7.2: Baseline characteristics in patients who withdrew from ICS and patients who continued triple therapy in populations 1, 2, and 3.

Population 1

Population 2

Population 3

Baseline characteristics

Follow-up years (SD)

Median number of FEV,
measurement (IQR)

Mean age (SD)

Gender (male)

Airflow obstruction

Mild

Moderate

Severe

Very severe
Smoking status
Ex-smokers
Smokers

IMD

1 (least deprived)
2

3

4

5 (most deprived)
Missing

BMI
Underweight
Normal

Continue triple

(n=5,470)
6.0 (2.9)

5 (4-7)

67.8 (9.1)

3,360 (61.4)

4,469 (81.70)
1,001 (18.3)

2,691 (49.2)
2,779 (50.8)

741 (13.6)
990 (18.1)
1,076 (19.7)
1,191 (21.8)
1,470 (26.9)
<5(0.0)

423 (7.7)
2,186 (40.0)

Withdraw ICS
(n=538)
5.3(3.2)

5 (4-8)

68.8 (8.6)

316 (58.7)

426 (79.2)
112 (20.8)

284 (52.8)
254 (47.2)

87 (16.2)
104 (19.4)
81 (15.1)
120 (22.4)
145 (27.0)
<5(0.0)

32 (6.0)
224 (41.6)

Continue triple

(n=53,671)
6.0 (3.0)

5 (3-7)

67.8 (10.2)

28,848 (53.8)

9,120 (18.4)
22,404 (45.3)
14,763 (29.8)
3,199 (6.5)

26,792 (49.9)
26,879 (50.1)

7,739 (14.4)
9,280 (17.3)
10,084 (18.8)
11,755 (21.9)
14,773 (27.5)
40 (0.1)

2,314 (4.3)
16,751 (31.2)

Withdraw ICS
(n=6,974)

5.3(3.4)

4(3-7)

69.5 (9.5)

3,713 (53.2)

1,260 (19.0)
3,150 (47.6)
1,799 (27.2)
408 (6.2)

3,699 (53.0)
3,275 (47.0)

1,092 (15.7)
1,303 (18.7)
1,333 (19.1)
1,507 (21.6)
1,736 (24.9)
<5(0.0)

252 (3.6)
2,161 (31.0)

Continue triple

(n=29,301)
6.2 (3.2)

6 (5-9)
67.3 (10.7)

14,946 (51.0)

5,306 (19.7)
12,443 (46.2)
7,528 (27.9)
1,679 (6.2)

15,519 (53.0)
13,782 (47.0)

4,319 (14.7)
5,088 (17.4)
5,506 (18.8)
6,322 (21.6)
8,040 (27.4)
26 (0.1)

1,074 (3.7)
8,461 (28.9)

Withdraw ICS
(n=3,581)
5.6 (3.7)

6 (5-9)
69.3 (9.7)

1,855 (51.8)

655 (19.5)
1,535 (45.7)
939 (28.0)
229 (6.8)

2,003 (55.9)
1,578 (44.1)

583 (16.3)
673 (18.8)
683 (19.1)
774 (21.6)
867 (24.2)
<5(0.0)

140 (3.9)
1,080 (30.2)



Overweight

Obese

Missing

AECOPD frequency
0

1

2

3+

Current asthma

Hospitalised HF

Mi

Bronchiectasis

Arrythmia

1,525 (27.9)
1,151 (21.0)
185 (3.4)

2,355 (43.1)
1,441 (26.3)
1,674 (30.6)

162 (30.1)
102 (19.0)
18 (3.4)

246 (45.7)
130 (24.2)
162 (30.1)

16,824 (31.5)
16,017 (29.8)
1,765 (3.3)
17,495 (32.6)
13,409 (25.0)
8,898 (16.6)
13,869 (25.8)

20,369 (38.0)

346 (0.6)

186 (0.4)

1,677 (3.1)

3,570 (6.7)

2,339 (33.5)
1,993 (28.6)
229 (3.3)
2,768 (39.7)
1,609 (23.1)
942 (13.5)
1,655 (23.7)

2,196 (31.5)

27 (0.5)

24 (0.3)

204 (2.9)

385 (5.5)

9,205 (31.4)
9,222 (31.5)
1,339 (4.6)
7,537 (25.7)
6,620 (22.6)
4,978 (17.0)
10,166 (34.7)

20,897 (71.3)

373 (1.3)

198 (0.7)

1,788 (6.1)

3,846 (13.1)

1,165 (32.5)
1,068 (29.8)
128 (3.6)
920 (25.7)
809 (22.6)
542 (15.1)
1,310 (36.6)

2,368 (66.1)

36 (1.0)

29 (0.8)

222 (6.2)

445 (12.4)
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7.3.1 Withdrawal of ICS and FEV1 decline

Figure 7.5 illustrates the unadjusted and adjusted rates of FEV; decline in all three populations. In
population 1 (patients who met WISDOM inclusion and exclusion criteria), patients who withdrew
from ICS did not have a significantly different rate of FEV; decline compared to patients who remained
on triple therapy (adjusted mean rates -7.8 ml/year (95% Cl -19.7 to +4.1) and -15.2 ml/year (95% Cl -

18.7 to -11.8), respectively. P value for difference between rate p=0.264).

In population 2, patients who remained on triple therapy had a mean adjusted rate of FEV; decline of
-32.6 ml/year (95% Cl -33.6 to -31.5) and patients who withdrew from ICS had a mean adjusted rate
of -36.4 ml/year (95% Cl -33.6 to -31.5). Whilst the difference between rates was statistically

significant (p=0.014) the rates were not clinically different.

Lastly, in population 3 there was no significant difference between patients who remained triple
therapy and patients who withdrew from ICS (adjusted mean rates -29.4 ml/year (95% Cl -30.8 to -
28.1 and -31.3 ml/year (95% CI -35.0 to -27.5); difference between rates p=0.371.
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Population Exposure Unadjusted rate of FEV1 decline (ml/year) and 95% Cl Adjusted rate of FEV1 decline (ml/year) and 95% CI
group
1: WISDOM Continue on -13.9 -15.2
population triple therapy (-17.3t0-10.5) . (-18.7t0-11.8)
Withdraw from -7.4 -7.8
ICS (-19.0t0 4.1) (-19.7t0 4.1)
2: AllCOPD Continue on -31.6 - -32.6
patients triple therapy (-32.6t0-30.6) (-33.6t0-31.5)
Withdraw from -34.6 — -36.4
ICS (-37.4t0-31.8) (-39.4t0-33.4)
3: COPD Continue on -28.5 HEH -29.4
patientswith  triple therapy (-29.8t0-27.2) (-30.8t0-28.1)
comorbidities ., 4raw from 30.2 —— 31.3
ICS (-33.810-26.6) (-35.0t0-27.5)
-40 -30 -20 -10 10

Figure 7.5: Unadjusted and adjusted rates of FEV; decline in patients who continued triple and patients who withdrew from ICS.
Note: Cohort 1 unadjusted N=6,008, adjusted N=5,862, cohort 2 unadjusted N=60,645, adjusted N=54,473, cohort 3 unadjusted N=32,882, adjusted N=29,142.
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7.3.2 Stratification by smoking status, airflow obstruction, and AECOPD frequency

Analyses were additionally performed stratified by smoking status, airflow obstruction, and AECOPD
frequency to understand whether the association between withdrawal of ICS and lung function
decline is modified by specific patient characteristics. Table 7.3 reports mean rates of FEV; decline in
patients who remained on triple therapy compared to patients who withdrew from ICS in ex-smokers
and current smokers. No significant difference in the rate of FEV; decline was seen between patients

who remained on triple therapy and patients who withdrew from ICS in either current or ex-smokers.

Table 7.4 reports rates of FEV: decline in patients who remained on triple therapy compared to
patients who withdrew from ICS with mild, moderate, severe, and very severe airflow obstruction. No
significant difference in rate of FEV; decline was seen in patients with mild airflow obstruction in
population 2 however, patients who withdrew from ICS in population 3 had a significantly slower rate
of FEV; decline compared to patients who remained on triple therapy (adjusted mean rates of FEV;
decline (adjusted mean rates of FEV; decline: -58.9 ml/year (95% Cl -67.8 to -50.0) and -72.0 ml/year
(95% Cl -75.1 to -69.0), respectively). In addition, no significant difference in rates of FEV; decline was
seen in patients with moderate airflow obstruction in population 3 however, patients who withdrew
from ICS in population 2 had a significantly faster rate of FEV; decline compared to those who
remained on triple therapy (adjusted mean rates of FEV; decline: -37.3 ml/year (95% Cl -41.0 to -33.8)
and -31.3 ml/year (95% Cl -32.7 to -30.0), respectively).

No significant difference in rate of FEV; decline between patients who remained on triple therapy and
patients who withdrew from ICS with severe and very severe airflow obstruction in population 2 and
3 however, in population 1 patients who continued triple therapy had a faster mean decline or a
slower mean increase in FEV; compared to patients who withdrew from ICS. In is important to note
that statistical power was reduced in these stratified analyses because sample sizes were lower and

results from these analyses should be interpreted with caution.

Table 7.5 reports mean rates of FEV; decline in patients who remained on triple therapy compared to
patients who withdrew from ICS with no AECOPD in the year prior, 1 AECOPD in the year prior, 2
AECOPD in the year prior, and 3 or more AECOPD in the year prior. No significant difference in mean
adjusted rates of decline was seen between patients who continued triple therapy compared to those

who withdrew from ICS in all three populations in each AECOPD frequency category.
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Table 7.3: Rates of FEV; decline in ex-smokers and current smokers.

Model

Withdrawal
group

Cohort 1

P for
difference

Cohort 2

P for
difference

Cohort 3

P for
difference

(-32.8to 11.4)

(-51.1to -41.1)

(-44.2 to -31.7)

Ex- Unadjusted Continue triple -9.4 0.547 -25.3 0.305 -22.4 0.244
smokers (-13.8 to -4.9) (-26.6 to -24.0) (-24.1 t0 -20.7)
Withdraw ICS -4.3 -27.0 -25.1
(-17.6 to 8.0) (-30.4 to -23.6) (-29.4 to -20.7)
Fully Continue triple -10.3 0.624 -26.2 0.141 -23.2 0.208
adjusted* (-14.8 to -5.7) (-27.5 to -24.8) (-25.1to -21.4)
Withdraw ICS -6.5 -28.6 -26.2
(-20.4 to 4.4) (-32.3t0 -24.9) (-30.8 to -21.6)
Smokers Unadjusted Continue triple -18.5 0.419 -38.0 0.028 -35.4 0.747
(-23.6 to -13.4) (-39.5 to -36.5) (-37.4 to -33.3)
Withdraw ICS -11.6 -44.1 -36.9
(-33.3t010.1) (-48.7 to -39.4) (-42.9 to -30.8)
Fully Continue triple -20.3 0.308 -39.1 0.014 -36.4 0.751
adjusted* (-25.6 to -15.1) (-40.7 to -37.5) (-38.6 to -34.3)
Withdraw ICS -10.7 -46.1 -38.0

Note: cohort 1 unadjusted ex-smokers n=2,975, adjusted ex-smokers n=2,870, unadjusted smokers n=3,033, adjusted smokers n=2,932. Cohort 2 unadjusted ex-smokers n=30,491, adjusted ex-
smokers n=27,254, unadjusted smokers n=30,154, adjusted smokers n=27,219. Cohort 3 unadjusted ex-smokers n=17,522, adjusted ex-smokers n=15,420, unadjusted smokers n=15,360,

adjusted smokers n=13,722. *Adjusted for baseline characteristics.
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Table 7.4: Rates of FEV; decline in patients with mild, moderate, severe, and very severe airflow obstruction.

Airflow
obstruction

Mild

Moderate

Severe

Very severe

Unadjusted

Fully adjusted *

Unadjusted

Fully adjusted *

Unadjusted

Fully adjusted *

Unadjusted

Withdrawal group

Continue triple
Withdraw ICS
Continue triple

Withdraw ICS

Continue triple
Withdraw ICS
Continue triple
Withdraw ICS
Continue triple
Withdraw ICS
Continue triple
Withdraw ICS
Continue triple

Withdraw ICS

Cohort 1

-17.2
(-20.9 to -13.6)
-18.9
(-31.6 to -6.2)
-18.3
(-22.0 to -14.6)
-19.9
(-32.7 to -7.0)
1.1
(-7.9 t0 10.0)
34.2
(5.4 to 63.1)

0.823

0.852

0.028

Cohort 2

-73.4
(-75.7 to -71.1)
-73.1
(-80.0 to -66.1)
-74.2
(-76.5 to -71.8)
-73.3
(-80.5 to -66.1)

-31.4
(-32.7 to -30.1)
-36.3
(-39.9 to -32.8)
-31.3
(-32.7 to -30.0)
-37.3
(-41.0 to -33.8)
-16.3
(-18.3 to -14.2)
-16.6
(-22.6 to -10.6)
-17.3
(-19.4 to -15.3)
-17.8
(-24.0 to -11.6)
4.6
(-0.6t09.7)
1.9
(-13.5 to 17.4)

0.660

0.623

0.013

0.002

0.927

0.879

0.083

Cohort 3

-70.6
(-73.6 to -67.7)
-58.6
(-67.3 to -50.0)
-72.0
(-75.1 to -69.0)
-58.9
(-67.8 to -50.0)

-28.3
(-30.1 to -26.6)
-30.7
(-35.3 to -26.2)
-28.2
(-30.0 to -26.4)
-31.4
(-36.1 to -26.8)
-10.1
(-12.8 to -7.4)
-17.5
(-24.8 to0 -10.2)
-11.0
(-13.8 t0 -8.2)
-17.7
(-25.2 t0 -10.2)
9.6
(2.6 to 16.6)
5.1
(-25.8 to 15.6)

0.005

0.003

0.301

0.194

0.076

0.118

0.136

181



Fully adjusted * | Continue triple -0.7 0.017 35 0.715 9.1 0.077

(-10.0 to 8.5) (-1.9t0 8.9) (1.9 to 16.4)
Withdraw ICS 34.3 -1.3 -10.9
(4.3 to 64.3) (-18.0to 15.4) (-32.3t010.4)

Note: cohort 1 unadjusted severe n=4,895, adjusted severe n=4,724, unadjusted very severe n=1,113, adjusted very severe n=1,078. Cohort 2 unadjusted mild n=10,380, adjusted mild
n=10,152, unadjusted moderate n=25,554, adjusted moderate n=24,881, unadjusted severe n=16,562, adjusted severe n=15,999, unadjusted very severe n=3,607, adjusted very severe
n=3,441. Cohort 3 unadjusted mild n=5,961, adjusted mild n=5,767, unadjusted moderate n=13,978, adjusted moderate n=13,478, unadjusted severe n=8,467, adjusted severe n=8,106,
unadjusted very severe n=1,908, adjusted very severe n=1,791. *Adjusted for baseline characteristics.
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Table 7.5: Rates of FEV; decline by baseline AECOPD frequency.

Baseline
AECOPD
frequency
0 AECOPD

1 AECOPD

2 AECOPD

3+ AECOPD

Unadjusted

Fully adjusted *

Unadjusted

Fully adjusted *

Unadjusted

Fully adjusted *

Unadjusted

Withdrawal group

Continue triple

Withdraw ICS
Continue triple
Withdraw ICS
Continue triple
Withdraw ICS
Continue triple
Withdraw ICS
Continue triple
Withdraw ICS
Continue triple

Withdraw ICS

Continue triple

Population 1

-16.9
(-22.2 to -11.5)
-10.2
(-27.6 t0 7.3)
-17.1
(-22.6 to -11.7)
7.4
(-24.4 t0 9.6)
-9.9
(-16.6 to -3.3)
4.4
(-34.2 to 14.3)
-13.0
(-19.8 t0 -6.1)
-16.3
(-45.6 to 12.9)
-13.1
(-18.8 to -7.3)

0.477

0.390

0.731

0.706

0.149

Population 2

-33.7
(-35.6 to -31.8)

-37.6
(-42.6 to -32.5)
-34.7
(-36.7 to -32.6)
-38.8
(-44.2 to -33.4)
-33.1
(-35.1 to -31.1)
-35.1
(-40.8 to -29.4)
-33.6
(-35.7 to -31.4)
-38.5
(-44.7 to -32.3)
-30.5
(-32.8 t0-28.1)
-34.6
(-42.5 to -26.7)
-32.3
(-34.8 to -29.8)
-34.9
(-43.2 to -26.6)
-27.9
(-29.7 to -26.2)

0.187

0.117

0.515

0.130

0.305

0.537

0.648

Population 3

-29.5
(-32.3t0-26.7)

-27.5
(-35.1t0 -19.9)
-30.2
(-33.2 t0 -27.2)
-28.4
(-36.2 to -20.5)
-29.7
(-32.6 to -26.9)
-31.3
(-39.9 to -22.7)
-30.4
(-33.5 to -27.4)
-33.8
(-43.2 to -24.4)
-27.0
(-30.1to -23.9)
-38.1
(-47.6 to -28.7)
-28.7
(-32.0 to -25.5)
-36.5
(-46.1 to -26.7)
-26.8
(-28.9 to -24.7)

0.679

0.786

0.850

0.570

0.020

0.096

0.897
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Withdraw ICS 3.2 -28.4 -26.9

(-14.8 t0 21.1) (-33.3t0 -23.5) (-32.2t0 -21.6)
Fully adjusted * | Continue triple -14.6 0.164 -29.6 0.374 -28.4 0.808
(-20.5 to -8.7) (-31.4to0 -27.7) (-30.6 to -26.2)
Withdraw ICS 1.9 -32.2 -28.8
(-16.9 to 20.6) (-37.5 10 -26.9) (-34.3t0 -23.3)

Note: Cohort 1 unadjusted AECOPD 1 n=2,601, adjusted AECOPD 1 n=2,499, adjusted AECOPD 2 n=1,571, adjusted AECOPD 2 n=1,522, unadjusted AECOPD 3 n=1,836, adjusted AECOPD 3
n=1,781. Cohort 2 unadjusted AECOPD 0 n=20,263, adjusted AECOPD 0 n=18,217, unadjusted AECOPD 1 n=15,018, adjusted AECOPD 1 n=13,457, unadjusted AECOPD 2 n=9,840, adjusted
AECOPD 2 n=8,844, unadjusted AECOPD 3 n=15,524, adjusted AECOPD 3 n=13,955. Cohort 3 unadjusted AECOPD 0 n=8,457, adjusted AECOPD 0 n=7,564, unadjusted AECOPD 1 n=7,429,
adjusted AECOPD 1 n=6,604, unadjusted AECOPD 2 n=5,520, adjusted AECOPD 2 n=4,869, unadjusted AECOPD 3 n=11,476, adjusted AECOPD 3 n=10,105. *Adjusted for baseline
characteristics.
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7.3.3 Censoring patients who withdraw from ICS at first triple therapy prescription

This sensitivity analysis censored patients who withdrew from ICS at their first triple therapy
prescription date during follow-up in case patients withdrew from ICS but later during their follow-up
they went back onto triple therapy. Overall, 5,972 patients were included in censored population 1,
of which 514 (8.6%) patients were categorised as ICS withdrawers. A total of 60,236 patients were
included in censored population 2, of which 6,565 (10.9%) patients were categorised as ICS
withdrawers. Finally, 32,686 patients were included in censored population 3, of which 3,385 (10.4%)
patients were categorised as ICS withdrawers. Patients numbers for this sensitivity analysis were lower
than the patient numbers in the main analysis because patients were still required to have at least 2
FEV: measurements at least 6 months apart from the time of ICS withdrawal to the first ICS censor

date.

Figure 7.6 illustrates unadjusted and adjusted mean rates of FEV; decline in patients who remained
on triple therapy and patients who withdrew from ICS in all three populations. There was no significant
difference in rate of FEV; decline between patients who remained on triple therapy and patients who
withdrew from ICS in populations 1 and 3. However, in population 2 patients who withdrew from ICS
had a significantly faster mean rate of FEV; decline than those who remained on triple therapy (mean
adjusted rates of FEV; decline: -35.6 ml/year (95% Cl -38.8 to -32.4) and -32.6 ml/year (95% Cl -33.6
to -31.5), respectively and p=0.047).
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Population

1: WISDOM
population

2: AllCOPD
patients

3: COPD
patients with
comorbidities

Exposure Unadjusted rate of FEV1 decline (ml/year) and 95% CI Adjusted rate of FEV1 decline (ml/year) and 95% CI
group
Continue on -13.8 -15.2
triple therapy (-17.2t0-10.5) - (-18.7t0-11.8) -
Withdraw from -8.1 & -7.8 &
ICS (-20.4t04.3) (-20.5t0 4.9)
Continue on -31.6 - -32.6
triple therapy (-32.6t0-30.6) (-33.6t0-31.5)
Withdraw from -34.1 -35.6 —
ICS (-37.1t0-27.2) (-38.810-32.4)
Continue on -28.5 & -29.5 B
triple therapy (-29.8t0-27.2) (-30.9t0-28.1)
Withdraw from -31.0 —— -32.1 —
ICS (-34.8t0-27.2) (-36.0t0-28.1)
-40 -30 -20 -10 10 -40 -30 -20 -10

Figure 7.6: Rates of FEV1 decline in censored populations.
Note: Cohort 1 unadjusted N=5,972, adjusted N=5,766, cohort 2 unadjusted N=60,236, adjusted N=54,118, cohort 3 unadjusted N=32,686, adjusted N=28,917.

10
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7.3.4 Using an alternative definition of triple therapy

In this sensitivity analysis triple therapy components such as LABA/ICS and LAMA or LABA/LAMA and
ICS that were prescribed on the same day, rather than within one month, were defined as a triple
therapy prescription. Following this definition, a total of 5,201 patients were included in population 1
of which 4,856 (93.4%) remained on triple therapy and 345 (6.6%) withdrew from ICS. A total of 52,951
patients were included in population 2 of which 48,529 (91.7%) remained on triple therapy and 4,422
(8.4%) withdrew from ICS. Finally, a total of 26,419 patients were included in population 3 of which
24,624 (93.2%) remained on triple therapy and 1,795 (6.8%) withdrew from ICS.

Figure 7.7 illustrates the unadjusted and adjusted mean rates of FEV: decline in patients who
remained on triple therapy and patients who withdrew from ICS in all three populations. There was
no significant difference in rate of FEV; decline between patients who remained on triple therapy and
patients who withdrew from ICS in populations 1 and 3. However, in population 2 patients who
withdrew from ICS had a significantly faster mean rate of FEV: decline than those who remained on
triple therapy (mean adjusted rates of FEV; decline: -39.0 ml/year (95% CI -43.3 to -34.7) and -33.2
ml/year (95% Cl -34.3 to -32.1), respectively and p=0.010).
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Population Exposure Unadjusted rate of FEV1 decline (ml/year) and 95% Cl Adjusted rate of FEV1 decline (ml/year) and 95% CI
group
1: WISDOM Continue on -14.8 -16.8
population triple therapy (-18.4t0-11.2) (-20.5t0-13.1)
Withdraw from -2.7 -2.6
I1CS (-18.0t0 12.6) (-18.2t013.1)
2: AllCOPD Continue on -32.2 -33.2
patients triple therapy (-33.2t0-31.1) (-34.3t0-32.1)
Withdraw from -38.1 -39.0
ICS (-42.1t0-34.1) (-43.3t0-34.7)
3: COPD Continue on -30.7 -31.6
patientswith  triple therapy (-32.1t0-29.3) (-33.1t0-30.1)
comorbidities it draw from -29.9 30.3
ICS (-35.2t0-24.7) (-35.9t0-24.7)

20

Figure 7.7: Rates of FEV1 decline in populations who were prescribed components of triple therapy on the same day.
Note: Cohort 1 unadjusted N=5,201, adjusted N=5,199, cohort 2 unadjusted N=52,951, adjusted N=47,777, cohort 3 unadjusted N=26,419, adjusted N=23,722.

188



7.4 Discussion

This piece of work aimed to understand the relationship between ICS withdrawal in patients on triple
therapy and rate of FEV; decline in COPD patients who would have been included in the WISDOM trial and

in more generalisable COPD populations.

Overall, when only patients who would have met WISDOM inclusion and exclusion criteria were included,
there was no difference in FEV; decline between patients who remained on triple therapy and patients
who withdrew from the ICS. Similarly, there was no difference in the rate of FEV; decline between patients
who remained on triple therapy and patients who withdrew from ICS in patients who would have been
specifically excluded from the WISDOM trial because of their comorbidities. However, in a general
population of COPD patients, those who withdrew from ICS had a faster mean rate of FEV; decline
compared to patients who remained on triple therapy. These patients were the most generalisable
population of all three populations studied. Despite the significant difference in the rate of FEV; decline in
this population, the difference of 3.8 ml/year between the two exposure groups is not clinically meaningful.
For example, even if the estimated trajectories continued over 10 years the difference in lung function

between the two groups would be 38ml.

Itis likely that the significant results were due to large sample size, residual confounding, or by chance from
multiple testing. Further sensitivity analyses showed consistent results whereby there was no difference in
rate of FEV; decline between patients who remained on triple therapy and patients who withdrew from
ICS and where a significant difference was seen, the difference was not clinically meaningful. In addition,
stratified analyses should be interpreted with caution because sample sizes were not large enough to have

enough power to detect small differences in rates of FEV; decline between the two exposure groups.

Interestingly, patients in the general COPD population (and in population 3) were more likely to have no or
few AECOPD in the year prior and be ex-smokers compared to patients who remained on triple therapy.
This is in line with ERS guidelines that state that COPD patients should be considered for ICS withdrawal if
they do not have a history of AECOPD [37]. Additional ERS guidelines state that ICS should be withdrawn if
patients have an EOS count less than 300cell/ul. This was not investigated in this study; however, it would

be interesting to investigate whether clinical practices adhere to these guidelines.
7.4.1 Previous literature

A recent study investigated changes in ICS regimens between 2014 and 2018 in a population of COPD
patients using CPRD data. The authors found that approximately 2-3% of COPD patients withdrew from
triple therapy each year between 2014 and 2018 [207]. This is consistent with the overall proportion of
patients who withdrew from ICS in this study (approximately 10-11% between 2014 and the start of 2019).
This suggests that in general practice a relatively small proportion of COPD patients are being withdrawn

from ICS, regardless of whether they are eligible for ICS withdrawal following guidelines.
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The landmark study that guided ICS withdrawal guidelines in the UK was the WISDOM trial. This study
found that patients who withdrew from ICS (after having been on triple therapy) had a significantly faster
decline in FEV; than those who remained on triple therapy by 43ml at week 52 [161]. Patients in this study
were given tiotropium (18ug once daily), salmeterol (50ug twice daily), and fluticasone propionate (500ug
twice daily). These patients would have all been monitored regularly, along with their inhaler technique,
and would have adhered properly to their assigned treatment. Patients who are seen in clinical practice
who are given triple therapy in a fixed combination dose form may not truly take each component properly.
It is highly likely that in routine clinical practice, patients could miss doses if they are required to take more
than one medication per day [208]. The possible lack of adherence to medications in this population of
COPD patients may explain why patients who withdrew from ICS in this study did not have a clinically faster
rate of FEV: decline compared to those who remained on triple therapy. In addition, in clinical practice,
GPs would have considered whether it was safe to withdraw patients from ICS. Therefore, these patients
are likely to be very different to patients in the withdrawal group seen in WISDOM. For example, | found
that patients who withdrew from ICS were more likely to be ex-smokers and have fewer AECOPDs prior to
ICS withdrawal whereas baseline characteristics were similar between the two groups in the WISDOM trial,

given the nature of RCTs.

A recent study also aimed to investigate outcomes between COPD patients who withdrew from ICS and
those who remained on triple therapy in a population of primary care patients using data from the
Optimum Patient Care Research Database (OPCRD) [209]. Authors aimed to use this EHR database to
investigate primarily risk of AECOPD in a more general population of COPD patients, similar to population
2 in this chapter, between triple therapy users and those who withdrew from ICS with a follow-up of one
year. Secondary analyses investigated change in FEV:and authors found that in a total population of 5,230
patients, those who withdrew from ICS had a mean decline in FEV; of 48 ml (SD 226) compared to a mean
decline of 18.8 ml (SD 253) in those who remained on triple therapy over a year however, this difference
was not statistically significant. This study differed in terms of study design whereby patients who withdrew
from ICS and patients who remained on triple therapy were matched 4:1 based on time on triple therapy.
This population also excluded patients with a current diagnosis of asthma, who were not excluded in

population 2 of this chapter.

The study to understand the safety and efficacy of ICS withdrawal from triple therapy (SUNSET) trial was
an additional RCT, similar to the WISDOM trial, that investigated the effects of ICS withdrawal from patients
on triple therapy. Patients were included if they were over 40 years old, had spirometry confirmed COPD,
FEV: percent predicted 40-80%, had a history of smoking and had a maximum of one AECOPD in the
previous year. Patients were excluded from the SUNSET trial if they had a history of asthma and blood
eosinophil levels greater than 600 cell/ul. Findings from the SUNSET trial showed a non-significant

difference in change in post dose FEV: between the two groups of -26 ml (95% Cl -53 to 1) after 26 weeks
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of follow-up [210]. Interestingly, patients included in SUNSET were more similar to patients included in
population 2 and 3 in this study than those recruited in the WISDOM trial. This was because SUNSET COPD
patients had a wider range of comorbidities, airflow obstruction, and fewer AECOPDs at baseline.
Therefore, it possible that ICS withdrawal is associated with increased loss of FEV; in specific COPD

populations however, not in all COPD patients as demonstrated by SUNSET and this observational study.

A systematic review of ICS withdrawal additionally found that only three of five RCTs showed a significant
difference in change in FEV; from baseline between COPD patients who withdrew from ICS and COPD
patients who did not withdraw and WISDOM was one of those [211]. The COSMIC (COPD and Seretide: a
Multi-centre Intervention and Characterisation) study additionally found that patients who withdrew from
ICS after being on ICS/LAMA had a significantly faster decline in FEV; than those who stayed ICS/LAMA
(mean change from baseline after one year 24% compared to 20.1%, respectively) [212]. Furthermore, a
study by O’Brien and colleagues found that patients with severe irreversible airway obstruction had a
significantly larger decrease in FEV; after switching from ICS monotherapy to placebo [213]. It is important
to note that these studies did not directly compare patients on triple therapy (ICS/LAMA/LABA) to those
who withdrew from ICS and were on LAMA/LABA during follow-up. As shown in chapter 2 (systematic
review of change in FEV; in patients on ICS and not on ICS), there can be high between study variation in
rates of FEV; decline due to differences in specific combinations of medications. In addition, withdrawing
from ICS monotherapy or from the ICS component of ICS/LAMA is likely to have different outcomes than
withdrawing from triple therapy due to the synergistic effect of LABA and LAMA combined [122, 123].
Overall, previous literature and results from this study show inconsistencies in the relationship between
ICS withdrawal and rate of FEV; decline due to difference in populations, medications and study design and

further work is needed.
7.4.2 Strengths and limitations

The main strengths of this study were the large sample size the inclusion of populations that were more
generalisable to the wider population of diagnosed COPD patients in UK primary care however, limitations
exist. Firstly, medication use was defined by GP prescriptions which only indicates that a medication was
prescribed but not whether the medication was taken by the patient. Triple therapy is often prescribed as
a fixed dose combination therapy and patients will have two or three components to take every day. In
COPD patients seen in routine clinical practice, it is possible that adherence is lower than in populations
used in RCTs and therefore the difference in lung function between patients on LAMA/LABA/ICS and
LAMA/LABA may not be as pronounced as that seen in RCTs like WISDOM.

In addition, the definition used to identify ICS withdrawers picked up patients who were prescribed a LAMA
and LABA but not an ICS within one month of each other. However, it is possible that medications were

prescribed just over one month from each other and whilst patients may have been on triple therapy, they
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were categorised as ICS withdrawers. It is therefore possible that patients were misclassified. Further work
should investigate more accurate algorithms for identification of patients who remained or withdrew from
ICS by using duration and number of units prescribed to better understand how long the prescriptions were
for. For example, if ICS was prescribed for a duration of 2 months but LABA/LAMA was prescribed twice
with a duration of one month the algorithm in this study would have potentially identified these patients
as ICS withdrawers when in reality they remained on triple therapy. Despite this, one sensitivity analysis
censored patients who withdrew from ICS at their first prescription date during follow-up in case these
patients did go back onto triple therapy. These patients were still required to have at least 2 FEV;
measurements at least 6 months apart therefore patients who were misclassified as ICS withdrawers and
had an ICS prescription less than 6 months after their index date would have been excluded. This analysis
found similar results to the main analysis suggesting that despite the possible misclassification in the main

analysis, findings remain.

One main limitation of this study is that confounding by indication is likely to exist. Epidemiological studies
using routinely collected data are increasing used to investigate safety and effectiveness of treatments in
populations not necessarily included in RCTs. However, one main limitation of this is that confounding can
arise when factors influence the decision to treat or not treat a patient. In this case the GP’s decision to
withdraw ICS from patients on triple therapy is likely to have been influenced by their own judgement on
how well the COPD patient was doing on their current treatment, how stable they were, or whether they
met ERS guidelines for ICS withdrawal [214]. In this study patients who withdrew from ICS were more likely
to be ex-smokers and have fewer AECOPD compared to those who remained on triple therapy. These
factors could have therefore influenced the physician’s decision to withdraw ICS from the patient. One way
in which to reduce or eliminate confounding by indication is to use propensity score matching. This method
estimates each patient’s probability of being assigned to the treatment (i.e., continue triple therapy vs ICS
withdrawal) based on various factors that may have influenced this decision such as disease severity and
AECOPD frequency. These weighted probability scores can then be used in the final model to adjust for
confounding from treatment assignment [215]. Further work should explore this further to understand

whether residual confounding by indication existed in analyses performed in this study.

Similarly, patient characteristics that were used as the inclusion and exclusion criteria for WISDOM were
adjusted for (where relevant) in this study however, future work could adjust for further confounders to
reduce residual confounding. Lastly, patients were required to have at least two FEV: measurements at
least 6 months apart which meant that minimum follow-up time was six months. This would have

introduced survival bias and should be recognised.
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7.5 Conclusion

Overall, this study found that the rate of FEV: decline was similar between patients on triple therapy and
patients who withdrew from ICS regardless of the specific COPD population studied (i.e., patients meeting
strict WISDOM criteria, general primary care COPD patients, and COPD patients with comorbidities). Whilst
residual confounding and confounding by indication may have influenced these findings, COPD patients
who are seen in clinical practice may not adhere to their treatments and are often different in terms of
comorbidities and disease severity to those included in RCTs such as WISDOM. Further observational
studies using propensity scores, or pragmatic trials should be performed in order to better understand the

relationship between ICS withdrawal and rate of FEV; decline in more generalisable COPD patients.
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Chapter 8
Accelerated FEV; decline and risk of
cardiovascular disease and
cardiovascular disease mortality

Previous chapters have investigated characteristics associated with future rate of FEV; decline. Little is
understood about the rate of FEV; decline and the risk of future clinical events in a COPD population. CVD
is one of the main comorbidities in COPD due to their shared risk factors. This chapter aimed to investigate
the association between accelerated FEV; decline and the risk of developing or death from CVD in a COPD
population. This work presented in this chapter has been published in the European Respiratory Journal

[216].
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8.1 Introduction

One of the most prevalent comorbidities in COPD patients is CVD [56]. Both COPD and CVD share
common risk factors such as smoking and aging [60, 61]. Specifically, exposure to toxic particles in
cigarette smoke or air pollutants can cause the increased systemic inflammation that characterizes
both COPD and CVD [62]. It is not fully understood how COPD and CVD are linked beyond their shared
risk factors, but researchers have identified a number of possible mechanisms such as hypoxia and
oxidative stress that might be involved [56, 60]. Furthermore, numerous studies have reported the
existence of associations between various measures of impaired lung function and an increased
likelihood of developing CVD, as well as an increased risk of hospitalisation and death secondary to

CvD [64-70].

More recently, it has been suggested that the rate at which lung function is lost may be associated
with increased risk of CVD. This has been demonstrated in the general population; for instance, among
the participants of the ARIC study, accelerated decline in FEV3, over a baseline period of three years,
was associated with an increased risk of hospitalisation and death from heart failure and stroke [74].
To date, no studies have investigated the association between rate of FEV; decline and risk of CVD
outcomes and mortality in patients with COPD, who are already at greater risk of CVD than the general
population [56]. Therefore, | aimed to investigate whether COPD patients with accelerated FEV:
decline were more likely to develop CVD, or die from a CVD cause, in a primary care population of

COPD patients in England.
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8.2 Methods

8.2.1 Study population

CPRD GOLD was linked to HES and the Office of National Statistics (ONS). Patients were included if
they met the following minimum inclusion criteria: (i) patients were eligible for HES linkage; ii)
diagnosed with COPD; iii) aged 35 or older; iv) current or ex-smokers; and v) had data recorded from
2004 onwards. Specifically, the inclusion date was the date of patients’ first FEV; measurement after
the date at which they were diagnosed with COPD, registered with their current GP, aged 35 years,

and the date at which the practice was deemed of research quality [133] (figure 8.1).

Following the inclusion date, patients were required to have 3 years of baseline follow-up with at least
2 FEV; measurements at least 6 months apart in order to estimate the patient’s rate of FEV; decline
as changes in lung function should be estimated over longer periods of time in order to draw
conclusions about long term lung function decline and to reduce possible measurement error [217].
The index date was the date at the end of the baseline period and indicated the start of follow-up
(figure 8.1). Patients were consequently followed up from their index date until the 31 December
2017 or the first date of any of the following events: transferred to a non-CPRD general practice, the
last date of data collection, died from non-CVD causes, or had a CVD event. In addition, patients were
required to have no history of stroke, heart failure, myocardial infarction, atrial fibrillation, and
coronary artery disease ever recorded prior to the index date. This allowed for the identification of

incident CVD outcomes in CVD-naive COPD patients.
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Figure 8.1: Study design.

8.2.2 FEV:idecline

The exposure of interest was accelerated FEV; decline. For each study eligible patient, all absolute
FEV:1 measurements recorded in CPRD-GOLD between the inclusion date and the index date were
identified and the rate of FEV; decline estimated using mixed linear regression modelling with random
intercepts and random slopes. Patients with rate of decline in the fastest quartile of decline were
classed as having accelerated FEV; decline, with the remainder classified as being “without accelerated

FEV: decline”. This cut off was chosen as it is in line with that used in chapter 6.
8.2.3 Cardiovascular disease outcomes

The primary outcome was a composite measure defined as the time to first CVD event (both fatal and
non-fatal) during follow-up and compromised myocardial infarction, heart failure, ischaemic stroke,
atrial fibrillation, and coronary artery disease excluding myocardial infarction. These events were
identified through primary care records (CPRD-GOLD), hospital admissions data (HES), and mortality
statistics (ONS). ICD-10 codes were used to identify hospitalisations (primary diagnosis) and CVD
deaths (see appendix 4 for CPRD, HES, and ONS CVD codes). CVD events that were recorded on the
same day in CPRD-GOLD, HES, and/or ONS were further explored to avoid duplication of events. In
these cases, mortality events were prioritised, followed by hospitalisations, and then GP-recorded
events. Secondary outcomes included time to first myocardial infarction, heart failure, stroke, atrial

fibrillation, and coronary artery disease excluding myocardial infarction alone.
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8.2.4 Statistical analyses
Main analysis

Baseline characteristics were described using proportions, medians, and interquartile ranges (IQR).
Cox regression was used to investigate time to the first CVD event, comparing patients with and
without accelerated FEV; decline, adjusted for gender, age (continuous), smoking status (current or
ex-smoker), and level of airflow obstruction (mild: FEV; 280% predicted; moderate: FEV: 50-80%
predicted; severe: FEV; 30—50% predicted; very severe: FEV;, <30%), modified MRC dyspnoea (0-4),
BMI (underweight, normal, overweight, obese), history of hypertension, diabetes and asthma, statin
use, and AECOPD frequency and severity (none; 1 moderate (GP-recorded AECOPD) and O severe
(hospitalisation for AECOPD); 2 moderate and O severe; 3 or more moderate and O severe; 1 severe
and any number of moderate; and 2 or more severe and any number of moderate AECOPD. Secondary
analyses investigated the association between accelerated FEV: decline and each separate CVD;
myocardial infarction, heart failure, stroke, atrial fibrillation, and coronary artery disease excluding

myocardial infarction.
Sensitivity analyses

In addition, sensitivity analyses were performed to better understand the potential association
between lung function decline and risk of CVD outcomes. Firstly, additional analyses around other
measures of lung function were used including the relative change in FEV:1 and the change in FEV;
percent predicted as these are also common measures of lung function [160, 218]. Secondly,
sensitivity analyses around how rate of FEV: decline was categorised were performed. Other
categorisations included all four quartiles of FEV; decline (and the fastest quartile of decline was
compared to the other three quartiles separately), clinically important cut offs based on previous
literature (>-20ml/year (reference group), -20 to -40ml/year, -40 to -60ml/year, and <-60ml/year) [17],
and the relationship between the linear rate of FEV; decline and risk of CVD was analysed. Third,
severity of CVD outcomes was assessed by modelling the relationship between accelerated FEV;
decline and risk of GP recorded CVD outcomes, hospitalised outcomes, and deaths from CVD alone.
Fourth, the main model was stratified by gender, age, smoking status, AECOPD frequency, and airflow
obstruction (i.e. baseline FEV; percent predicted) to investigate whether the relationship between

accelerated FEV; decline and risk of CVD outcomes was more prominent in specific individuals.
Sample size considerations

In this study accelerated FEV; decline was categorised using a 25" percentile threshold. This meant

that one quarter of patients included in the study were categorised as accelerated FEV; decliners and
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three quarters were categorised as not having accelerated FEV; decline. A previous observational
study using ARIC data reported a hazard ratio of 1.15 for the association between accelerated FEV;
decline and risk of future CVD [74]. Following sample size calculations by Schonfeld, a total of 2,511

CVD events were needed to estimate a hazard ratio of 1.15 with 80% power and alpha of 0.05 [219].
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8.3 Results

8.3.1 Patient characteristics

A total of 132,923 patients in CPRD-GOLD met the minimum eligibility criteria. After applying further

inclusion criteria, a total of 36,382 patients were included in the final study population (see figure 8.2).

The median follow-up time was 3.6 years (IQR, 1.7-6.1). The median rate of FEV; decline was —19.

4ml/year (IQR, —40.5 to 1.9) and thus patients were categorised as having accelerated FEV; decline if

they had an FEV; decline faster than —40.5 ml/year. This meant that 9,095 (25%) of patients were

classed as having accelerated decline and 27,287 (75%) were classed as non-accelerated decliners.

Patients had a median of 3 (IQR, 2-4) FEV: measurements over the three-year baseline period and

Figure 8.3 illustrates the number of FEV: measurements recorded within patients during the baseline

period.

All patients in the NHS contributing to CPRD

:

Patients diagnosed with COPD between 2004
and 2017, aged =35, with HES linked HES data

N=132,923

.

Current or ex-smokers

N=123,221

v

Patients with 3 years of baseline follow-up

N=100,603

.

Patients with at least 2 FEV1 measurements
at least 6 months apart during baseline

follow-up
N=50,744

.

Patients without a history of HF, M, stroke,
angina, AF, and IHD

N=36,382

.

N=9,095

Patients with accelerated decline

Figure 8.2: Patients meeting inclusion criteria.

)

Patients without accelerated decline
N=27,287
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Figure 8.3: Number of FEV; measurements recorded within patients during baseline period.

Table 8.1 reports baseline characteristics for patients with and without accelerated FEV: decline.
Patients with accelerated decline were more likely to be male, have severe airflow obstruction (lower
FEV: percent predicted), be current smokers, but less likely to have hypertension. Patients were similar

in terms of all other CVD characteristics (diabetes and statin use).
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Table 8.1: Baseline characteristics of patients with and without accelerated FEV; decline. Numbers are n (%) or median

(IQR).

Baseline characteristics

Non-accelerated FEV; decline

n=27,287

Accelerated FEV; decline
n=9,095

Males
Age
Smoking status
Current smokers
Ex-smokers
Airflow obstruction*®
Mild
Moderate
Severe
Very severe
AECOPD
None
1 moderate, 0 severe
2 moderate, O severe
>3 moderate, 0 severe
1 severe, any moderate
>2 severe, any moderate
mMRC*
0

A WN

BMI*
Underweight
Normal
Overweight
Obese

Hypertension

Diabetes

Asthma

Statin use

12,942 (47.4)
68.9 (61.7 - 76.1)

16,912 (62.0)
10,375 (38.0)

7,566 (27.9)

11,771 (43.5)
6,321 (23.3)
1,424 (5.3)

10,954 (40.1)
6,478 (23.7)
3,730 (13.7)
4,703 (17.2)
1,116 (4.1)
306 (1.1)

3,797 (20.9
7,396 (40.6
4,448 (24.4
2,196 (12.1

365 (2.0)

)
)
)
)

1.181 (4.9)
8,089 (33.6)
8,060 (33.5)
6,727 (28.0)
11,770 (43.1)
3,040 (11.1)
11,238 (41.2)
8,350 (30.6)

Note: *Airflow obstruction N=36,105; mMRC N=24,167; BMI N=32,005.

5,381 (59.2)
66.8 (59.6 — 74.0)

6,013 (66.1)
3,082 (33.9)

1,567 (17.4)

3,851 (42.7)

2,801 (31.0)
804 (8.9)

3,496 (38.4)
2,031 (22.3)
1,278 (14.1)
1,697 (18.7)
466 (5.1)
127 (1.4)

1,206 (20.2)

2,289 (38.4)

1,526 (25.6)
784 (13.1)
160 (2.7)

390 (4.9)
2.750 (34.6)
2,628 (33.1)
2,180 (27.4)
3,660 (40.2)

974 (10.7)
3,566 (39.2)
2,774 (30.5)
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8.3.2 Risk of Cardiovascular Disease

During follow-up 6,110 patients had a CVD event, which equates to a rate of 4.6 events per 100 person-
years (95% Cl, 4.5 — 4.7). No evidence of an association between risk of composite CVD events and
accelerated FEV; decline was found, in either unadjusted analysis (HRunagi=0.99 (95% Cl, 0.93—-1.05) or
fully adjusted analyses (HR.4j=0.98 (95% Cl, 0.90—-1.06); see figure 8.4). However, there was evidence
of an association between increased frequency and severity of AECOPD and CVD outcomes. Likewise,
increased breathlessness was found to be associated with an increased likelihood of cardiovascular
disease as did increasing age, male gender, current smokers, patients with hypertension and patients

using statins relative to their reference groups (see table 8.2).
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Baseline variables Patients CcvD Risk of composite CVD Pfor  Patients CvD Risk of composite CVD P for
N=36,382  gvents (unadjusted HR, 95% Cl) trend N=21953  events (adjusted HR, 95% Cl) trend
n=6,110 n=3,128
FEV, decline
Non-accelerated decline 27,287 4,594 1 (reference) ® 16,567 2,388 1 (reference) 1"
Accelerated decline 9,095 1,516  0.99 (0.93 -1.05) " 5,392 740  0.98(0.90 —1.06) L
AECOPD frequency
None 14,450 2,175 1 (reference) ® <0.001 8,957 1,134 1 (reference) " <0.001
1 moderate, 0 severe 8,509 1,375 1.05 (0.98-1.13) . 5,188 715 1.06 (0.97 —1.17) [
2 moderate, 0 severe 5,008 871 1.14 (1.05-1.23) - 2.977 426 1.12 (1.00-1.26) He-
3+ moderate, 0 severe 6,400 1,233 1.26(1.17 - 1.35) i 3,680 607 1.29 (1.17 —1.43) !
1 severe, any moderate 1,582 353  1.90(1.70-2.13) e 926 195  1.78(1.52-2.08) .
2+ severe, any moderate 433 103  2.59(2.13-3.16) 231 231 2.15(1.61-2.86) a1
mMRC* .
0 5,003 577 1 (reference) & <0.001 4,468 525 1 (reference) * <0.001
1 9,685 1,261 1.18(1.07 - 1.30) - 8,813 1,134  1.05(0.95-1.17) e
2 5,974 945 1.50 (1.35-1.66) i 5,478 865 1.24 (1.11-1.38) L
3 2,980 568 1.94 (1.73-2.18) —— 2,734 519 1.50(1.32-1.71) e
4 525 94 2.27(1.82-2.82) 466 85 1.51(1.19-1.92) bl
05 1 15 2 25 3 35 o.ls 1 1.|5 2 2|.5 3.|5

*mMRC missing in 12,215 patients

Figure 8.4: Hazard ratios (95% Cl) illustrating the association between accelerated FEV; decline, AECOPD frequency, mMRC, and risk of CVD outcomes and mortality.
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Table 8.21: Association between accelerated FEV; decline and risk of CVD and mortality.

Exposure and covariates

Accelerated FEV; decline
AECOPD frequency
None
1 moderate, 0 severe
2 moderate, O severe
>3 moderate, 0 severe
1 severe, any moderate
22 severe, any moderate
Airflow obstruction
Mild
Moderate
Severe
Very Severe
Age
Men
Current smokers
BMI
Normal
Underweight
Overweight
Obese
mMRC

Asthma
Hypertension
Diabetes
Statin use

Unadjusted HR

95% Cl
0.99 (0.93 — 1.05)

Ref

1.05(0.98 - 1.13)
1.14 (1.05-1.23)*
1.26(1.17 —1.35)**
1.90(1.70 —2.13)**
2.59 (2.13 -3.16)**

Ref

1.05 (0.98 — 1.12)
1.15(1.07 —1.24)**
1.23(1.10—1.38)**
1.05 (1.04 — 1.05)**
1.33 (1.27 — 1.40)**
0.83 (0.78 — 0.87)**

Ref

1.04 (0.91 —-1.20)
1.10(1.03 —1.18)*
1.11 (1.04 —1.19)**

Ref

1.18 (1.07 - 1.30)*
1.50 (1.35-1.66)**
1.94 (1.73 - 2.18)**
2.27 (1.82 — 2.82)**
0.91 (0.87 — 0.96)**
1.66 (1.58 —1.74)**
1.39 (1.30 - 1.50)**
1.40 (1.33 — 1.47)**

Adjusted HR
(95% ClI)
0.98 (0.90 - 1.06)

Ref

1.06 (0.97 -1.17)
1.12 (1.00-1.26)*
1.29(1.17 -1.43)**
1.78 (1.52 — 2.08)**
2.15(1.61-2.86)**

Ref

1.06 (0.96 — 1.16)
1.02 (0.92 —1.14)
1.10(0.93 —1.30)
1.04 (1.04 —1.05)**
1.40 (1.29 — 1.51)**
1.13 (1.05 — 1.22)*

Ref

1.08 (0.89 —1.30)
1.01 (0.93 —-1.10)
1.09 (0.99-1.19)

Ref
1.05(0.95-1.17)
1.24 (1.11 - 1.38)**
1.50 (1.32 — 1.71)**
1.51(1.19-1.92)*
1.02 (0.95-1.10)
1.31(1.21 - 1.41)**
1.09 (0.99 - 1.21)
1.14 (1.05 - 1.23)*

Note: *p<0.05; **p<0.0001. Fully adjusted model adjusted for: gender, age, smoking status, airflow obstruction, mMRC
dyspnoea (0—4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and severity.

Of 6,110 patients who had a CVD event during follow up, 1,220 were recorded as having had heart
failure, 788 a myocardial infarction, 1,039 a stroke, while 1,427 were diagnosed with atrial fibrillation,
and 1,636 with coronary artery disease excluding myocardial infarction. Effect estimates for the
association between accelerated FEV; decline, and AECOPD frequency and mMRC, and the risk of
individual CVD outcomes are shown in figure 8.5-figure 8.10. Whilst no association was seen between
accelerated FEV; decline and risk of individual CVD outcomes, increased frequency and severity of

AECOPD, and increased mMRC were both associated with all CVD outcomes individually. Appendix 4
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provides hazard ratios for all covariates in each model for heart failure, myocardial infarction, stroke,
atrial fibrillation, coronary artery disease excluding myocardial infarction, and CVD mortality

respectively.
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Baseline variables Patients HF Risk of heart failure P for Patients HF Risk of heart failure P for
N=36,382  Events (unadjusted HR, 95% Cl) trend  N=21,959  Fvents (adjusted HR, 95% ClI) trend
N=1,220 n=617
FEV, decline
Non-accelerated decline 27,287 913 1 (reference) 16,567 464 1 (reference)
Accelerated decline 9,095 307 1.01 (0.89 — 1.15) 5,392 153 0.99(0.83—-1.20) ¢
&
AECOPD frequency
None 14,450 407 1 (reference) <0.001 8,957 208 1 (reference) 0.006
1 moderate, 0 severe 8,509 268 1.09 (0.93 —1.27) 5,188 125 097 (0.78-1.22) ¢
2 moderate, 0 severe 5,008 161  1.12(0.93-1.34) 2.977 88  122(095-157) ¢
3+ moderate, 0 severe 6,400 270 1.47 (1.26 -1.72) 3,680 134 1.46 (1.17 —1.82) -
1 severe, any moderate 1,582 95 2.72 (2.18 —3.40) = i 926 53 2.22 (1.62-3.02) *'_._‘
2+ severe, any moderate 433 19 2.54 (1.60 — 4.02) ——— 231 9 160(0.81-3.16) | 4
mMRC*
0 5,003 84 1 (reference) [ <0.001 4,468 74 1 (reference) ® <0.001
1 9,685 218 1.39(1.08-1.78) 8,813 199 1.19 (0.91 —1.55) P
2 5,974 206 2.27 (1.73-2.87) 5,478 194 1.60 (1.22 -2.11) o
3 2,980 138 3.23(2.47-4.23) — 2,734 126 1.94 (1.44 —2.63) ——
a4 525 27 4.49(2.91-6.93) —— 466 24 2.10(1.30-3.40) ——
0.5 35 6.5 9.5 05 2 35 5 65 8 95

Figure 8.5: Hazard ratios (95% Cl) illustrating the association between accelerated FEV; decline, AECOPD frequency, mMRC and risk of heart failure.
Note: Fully adjusted model adjusted for: gender, age, smoking status, airflow obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and

severity.
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Baseline variables Patients Mi Risk of myocardial infarction P for Patients Mi Risk of myocardial infarction P for

N=36,382  Events (unadjusted HR, 95% ClI) trend N=21959  Events (adjusted HR, 95% Cl) trend

n=788 n=308
FEV, decline
Non-accelerated decline 27,287 588 1 (reference) 16,567 308 1 (reference)
Accelerated decline 9,095 200 1.02 (0.87 — 1.19) 5382 90 0.89 (0.70-1.12) }
AECOPD frequency
None 14,450 258 1 (reference) <0.001 8,957 132 1 (reference) Py 0.003
1 moderate, 0 severe 8,509 173 1.07 (0.89 —1.29) 5,188 99 1.21 (0.94 — 1.56) o
2 moderate, 0 severe 5,008 105 1.10 (0.88 —1.37) 2977 53 1.13 (0.83 — 1.55) -
3+ moderate, 0 severe 6,400 177 1.44 (1.20-1.74) Ll 3,680 81 1.38 (1.04 —1.81) -
1 severe, any moderate 1,582 52 2.19(1.63 — 2.94) —o— 926 24 1.57 (1.01 —2.45) ——
2+ severe, any moderate 433 18 3.49(2.16 - 5.62) - 231 9 2.58(1.29-5.16) s
mMRC*
0 5,003 66 1 (reference) <0.001 4,468 59 1 (reference) ® 0.001
1 9,685 146  1.23(0.92- 1.63) 8,813 134 114(085-154) T
2 5,974 120 1.65(1.23-2.21) 5,478 0 B 1.45 (1.06 — 1.99) bad
—e— —e—
3 2,980 86 2.50(1.82 —3.44) N 2,734 81 2.11(1.48 — 2.99) .
4 hJ5 14 2.85 (1.60 -5.06) 466 13 207 (1.11-3.7)
05 2 35 5 65 8 95 05 2 35 5 65 8 95

Figure 8.62: Hazard ratios (95% Cl) illustrating the association between accelerated FEV decline, AECOPD frequency, mMRC and risk of myocardial infarction.

Note: Fully adjusted model adjusted for: gender, age, smoking status, airflow obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and
severity.
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Baseline variables Patients Stroke Risk of stroke P for Patients  Stroke Risk of stroke P for
N=36,382  Events (unadjusted HR, 95% Cl) trend  N=21959  Events (adjusted HR, 95% Cl) trend
N=1,039 N=523
FEV, decline
Non-accelerated decline 27,287 781 Ref 16,567 396 Ref
Accelerated decline 9,095 258 0.99 (0.86- 1.14) : 5,392 127 1.01(0.82- 1.23)
AECOPD frequency
None 14,450 392 Ref <0.001 8,957 204 Ref 0.330
1 moderate, 0 severe 8,509 228 0.97 (0.82 —1.14) » 5,188 121 1.01(0.81-1.27)
2 moderate, 0 severe 5,008 170  1.23(1.03-147) T 2.977 71 1.06 (0.81- 1.39)
3+ moderate, 0 severe 6,400 178 1.00 (0.84 —1.20) - 3,680 92 1.14 (0.88 — 1.46)
1 severe, any moderate 1,582 53 1.58 (1.19-2.11) L 926 30 1.54 (1.04 —2.29) o
2+ severe, any moderate 433 18 2.50 (1.56 —4.01) ° 231 <5 1.22 (0.50-3.01) g
mMRC*
0 5,003 111 Ref B <0.001 4,468 104 Ref ® 0.046
1 9,685 224 1.09 (0.87 —1.36) [ 8,813 200 0.96 (0.76 —1.22) [ ]
2 5,974 141 1.17 (0.91 —1.49) s 5,478 123 0.94(0.72 -1.24) L &
3 2,980 91 1.62 (1.23 -2.14) A s 2,734 81 1.31(0.96 —1.78) e
4 525 18 2.27(1.38-3.74) Kl 466 15 156 (0.89-2.75) T
o.ls 2 3:5 5 5|.5 s 9:5 o.ls 2 3‘5 5 el.s 8 9‘5

Figure 8.7: Hazard ratios (95% Cl) illustrating the association between accelerated FEV decline, AECOPD frequency, mMRC and risk of stroke.
Note: Fully adjusted model adjusted for: gender, age, smoking status, airflow obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and
severity.
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Baseline variables Patients AF Risk of atrial fibrillation P for Patients AF Risk of atrial fibrillation P for
N=36,382  Events (unadjusted HR, 95% CI) trend N=21,959  Events (adjusted HR, 95% CI) trend
n=1,427 n=727
FEV, decline
Non-accelerated decline 27,287 1,092 1 (reference) 16,567 564 1 (reference)
Accelerated decline 9,095 335 0.92(0.82-1.04) 5392 163 0.97 (0.81 -1.15)
AECOPD frequency
None 14,450 508 1 (reference) <0.001 8,957 273 1 (reference) <0.001
1 moderate, O severe 8,509 346 1.14 (0.99 — 1.30) 5,188 170 1.06 (0.87 —1.28)
2 moderate, 0 severe 5,008 199 1.12 (0.95-1.32) 2.977 94 1.06 (0.83- 1.34)
3+ moderate, 0 severe 6,400 288 1.27 (1.10-1.47) > 3,680 140 1.31(1.07 —1.61) 4
1 severe, any moderate 1,582 67 1.57 (1.22 —2.03) i 926 37 153(1.07-217) |4,
2+ severe, any moderate 433 23 2.56 (1.68- 3.88) ° 231 13 2.64 (1.49 — 4.66) °
mMRC*
0 5,003 154 1 (reference) ® 0.006 4,168 132 1 (reference) 0.524
1 9,685 317 1.11 (0.91 -1.34) ] 8,813 278 0.98 (0.79 —1.20)
2 5,974 227 1.36(1.11 - 1.66) L 5,478 202 1.06(0.85 — 1.33)
3 2,980 110 1.43(1.12 - 1.82) - 2,734 97 1.03 (0.78 — 1.37)
4 525 19  1.75(1.09-2.82) |—®— 466 18  1.16 (0.69—1.93)
05 2 35 65 05 05 2 35 5 65 8 95

Figure 8.83: Hazard ratios (95% Cl) illustrating the association between accelerated FEV; decline, AECOPD frequency, mMRC and risk of atrial fibrillation.

Note: Fully adjusted model adjusted for: gender, age, smoking status, airflow obstruction, mMRC dyspnoea (0—-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and

severity.
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Baseline variables Patients CAD Risk of coronary artery disease P for Patients CAD Risk of coronary artery disease P for
N=36,382  Events (unadjusted HR, 95% ClI) trend N=21,959  Events (adjusted HR, 95% ClI) trend
N=1,636 n=863

FEV, decline
Non-accelerated decline 27,287 1,220 Ref 16,567 656 Ref
Accelerated decline 9,095 416 1.03(0.93-1.15) o 5:392 207 1.02(0.87 —1.19) o

| 7
AECOPD frequency
None 14,450 610 Ref <0.001 8,957 317 Ref <0.001
1 moderate, O severe 8,509 355 0.98(0.87-1.12) P 5,188 200 1.11(093-132) ¢
2 moderate, 0 severe 5,008 236 1.09(0.94-1.26) P® 2977 120 1.18(0.96-1.44) @
3+ moderate, 0 severe 6,400 324  1.14(1.00-1.31) : 3,680 160  1.20(0.99 — 1.45) :
1 severe, any moderate 1,582 86 1.64 (1.32 -2.04) - 926 51 1.86(1.39—2.50) L,
2+ severe, any moderate 433 25 2.17 (1.46-3.21) = 231 15 2.69 (1.61 —4.49) o
mMRC*
0 5,003 162 Ref > 0.082 4,468 156 Ref b 0.317
1 9,685 356 1.14(0.95-1.37) |e 8,813 373 1.05 (0.87 — 1.27) >
2 5,974 251 1.43(1.18-1.73) L 2 5,478 235 1.30(1.06 -1.60) L 2
3 2,980 143 1.77 (1.43-2.20) - 2,734 134 1.59 (1.26-2.01) o
4 525 16 126 (0.75-2.10) '@ 466 15 1.04(0.60-1.79) @

0:5 2 3I.5 5:5 9:5 ol.s 2 3|5 5 5‘5

Figure 8.9: Hazard ratios (95% Cl) illustrating the association between accelerated FEV; decline, AECOPD frequency, mMRC and risk of coronary artery disease excluding M.

Note: Fully adjusted model adjusted for: gender, age, smoking status, airflow obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and

severity.



Baseline variables Patients  Events Risk of CVD mortality P for Patients  Events Risk of CVD mortality P for

N=36,382 N=556 (unadjusted HR, 95% CI) trend  N=21,959 n=282 (adjusted HR, 95% ClI) trend
FEV, decline
Non-accelerated decline 27,287 421 Ref 16,567 215 Ref
Accelerated decline 9,095 125  0.96(0.79-1.17) :' 5,392 67 0.94 (0.71-1.25)
AECOPD frequency
Naone 14,450 200 Ref <0.001 8,957 105 Ref 0.854
1 moderate, 0 severe 8,509 135 1.12 (0.90-1.39) ® 5,188 75 1.19 (0.89-1.61)
2 moderate, 0 severe 5,008 I5 1.06 (0.90-1.38) » 2.977 40 1.13 (0.78-1.63)
3+ moderate, O severe 6,400 93 1.03 (0.81-1.31) :: 3,680 34 0.73(0.51.09)
1 severe, any moderate 1,582 45 2.61 (1.90-3.61) . 926 25 1.94 (1.24-3.05) x
2+ severe, any moderate 433 8 2.13 (1.05-4.34) ® 231 <3 0.91(0.29-292) 4
mMRC*
0 5,003 43 Ref & <0.001 4,468 39 Ref ® <0.001
T 9,685 86 1.08 (0.75-1.55) 9 8,813 7474 0.94 (0.64-1.39) -
2 5,974 95 2.02 (1.41-2.89) —— 5,478 85 1.57 (1.06-2.32) —8—
3 2,980 69 3.16 (2.16-4.63) ! 2,734 68 2.52 (1.66-3.83) —
4 525 16 5.15 (2.90-9.16) ot 466 13 2.94 (1.52-2.94) s

65 2 35 5 65 8 95 05 2 35 5 65 & 95

Figure 8.10: Hazard ratios (95% Cl) illustrating the association between accelerated FEV; decline, AECOPD frequency, mMRC and risk of CVD mortality.
Note: Fully adjusted model adjusted for: gender, age, smoking status, airflow obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and
severity.

212



8.3.3 Sensitivity analyses

Risk of CVD was similar between patients with and without accelerated decline irrespective of the
definitions and cut-offs used to categorise patients according to their rate of loss of lung function
(FEV1). The “no association” finding remained unchanged when accelerated decline was quantified
in terms of FEV; percent predicted or relative change in FEV; from baseline, and there was no
association between linear rate of FEV; decline and risk of CVD (table 8.3). In addition, there was
no difference in risk of CVD between patients with FEV; decline > —20 ml/year and patients with

FEV; decline in the range —20 to —40 ml/year, —40 to —60 ml/year, and < —60 ml/year (Table 8.4).

Table 8.3: Relationship between accelerated FEV; decline (all four quartiles, relative FEV1, FEV; percent predicted, linear)
and risk of CVD.

Model Unadjusted HR (95% Adjusted HR (95% Cl)
Cl)
Quartile 1 (slowest decline) Ref Ref
Quartile 2 1.05(0.98 —1.13) 0.96 (0.87 — 1.06)

Quartile 3

Quartile 4 (accelerated decline)
Accelerated decline in relative FEV;
Accelerated decline in FEV1 % predicted
Linear FEV; decline

1.06 (0.98 — 1.14)
1.02 (0.95-1.10)
1.06 (1.00 — 1.13)
1.05 (0.98 — 1.13)
1.00 (0.99 - 1.01)

0.96 (0.87 —1.06)
0.95 (0.85 —1.05)
1.00 (0.91 - 1.09)
1.00 (0.90 - 1.11)
1.05 (0.99 - 1.02)

Note: *p value <0.05; **p value<0.0001. Fully adjusted model adjusted for: gender, age, smoking status, airflow
obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and
severity.

Table 8.4: Relationship between rate of FEV; decline (defined by categories used in previous studies) and risk of CVD.

Unadjusted HR
95% CI

Adjusted HR
(95% ClI)

Exposure and covariates

FEV, Decline
>-20 ml/year Ref Ref
-20 to -40 ml/year 1.05 (0.99 — 1.12) 1.00 (0.91 - 1.09)
-40 to -60 ml/year 0.98(0.91 - 1.07) 0.91 (0.81-1.02)
<-60 ml 1.01 (0.93 — 1.09) 1.02 (0.91-1.14)
Note: *p value <0.05; **p value<0.0001. Fully adjusted model adjusted for: gender, age, smoking status, airflow

obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and
severity.
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Similarly, restricting the analysis to events recorded in primary care (GP-diagnosed CVD), to
hospitalisations for CVD or to CVD deaths only did not materially affect the effect estimates (table
8.5 The finding of “no association” between accelerated FEV: decline and risk of cardiovascular
disease and death also persisted after stratification by gender, age, smoking status, AECOPD

frequency, and airflow obstruction (baseline FEV; percent predicted) (table 8.6).

Table 8.5: Relationship between accelerated FEV; decline and risk of GP diagnosed CVD, hospitalised CVD, and death

from CVD.

Model

GP diagnosed CVD
Hospitalised CVD
Death from CVD

Crude HR (95% Cl)
0.96 (0.89 — 1.04)
1.02 (0.90 - 1.16)
0.94 (0.75 - 1.16)

Adjusted HR (95% Cl)
0.93 (0.83 — 1.05)
0.96 (0.79 — 1.16)
0.83 (0.60- 1.15)

Note: *p value <0.05; **p value<0.0001. Fully adjusted model adjusted for: gender, age, smoking status, airflow
obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and

severity.

Table 8.62: Relationship between accelerated FEV; decline and risk of CVD stratified by gender, age, smoking status,
AECOPD frequency, mMRC, and airflow obstruction.

Stratified by

Crude HR (95% Cl)

Adjusted HR

Gender

Age groups

Smoking status

AECOPD frequency

mMRC

Airflow obstruction

Males

Females

35-50

50-65

65-80

>80

Ex-smoker

Current smoker

0, 1, or 2 moderate & no

severe

3 mod & no severe or any

severe

0

S 0N R

>80% FEV; predicted
50-80% FEV; predicted
30-50% FEV; predicted
<30% FEV; predicted

0.93 (0.85 — 1.03)
0.97 (0.90 — 1.04)
0.92 (0.62 — 1.38)
1.07 (0.95 — 1.20)
1.04 (0.96 — 1.13)
1.15 (1.00 — 1.32)
0.94 (0.86 — 1.03)
1.03 (0.96 — 1.11)
0.98 (0.92 — 1.05)

0.98 (0.88 —1.09)

1.05 (0.86 — 1.27)
1.00 (0.88 — 1.14)
0.94 (0.81—1.09)
0.89 (0.73 — 1.08)
0.73 (0.46 — 1.16)
1.01 (0.88 - 1.16)
0.99 (0.90 — 1.08)
0.92 (0.83 - 1.02)
1.02 (0.83- 1.26)

(95% Cl)
0.98 (0.85—1.12)
0.98 (0.88— 1.09)
0.58 (0.30 - 1.12)
1.02 (0.86 — 1.21)
0.91 (0.81—1.02)
1.11(0.92 — 1.35)
0.93 (0.81 - 1.07)
1.00 (0.89 — 1.11)
0.98 (0.89 — 1.09)

0.99 (0.84-1.16)

1.02 (0.82 - 1.26)
0.98 (0.85 - 1.12)
0.99 (0.84-1.16
0.95 (0.77 - 1.17)
0.73 (0.44 - 1.21)
0.97 (0.83 - 1.12)
1.02 (0.93 - 1.13)
0.99 (0.88 — 1.11)
1.08 (0.86 — 1.36)

Note: *p value <0.05; **p value<0.0001. Fully adjusted model adjusted for: gender, age, smoking status, airflow
obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and

severity.
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No association was seen between accelerated FEV; decline and risk of heart failure, myocardial
infarction, stroke, atrial fibrillation, and coronary artery disease excluding myocardial infarction

either as separate outcomes or a composite in the first year of follow-up (figure 8.11).
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CVD component Events  Risk of individual CVD component in first year of follow-up Events Risk of individual CVD component in first year of follow-
(unadjusted HR, 95% Cl) up
(adjusted HR, 95% Cl)

Heart failure 249  1.15(0.87 - 1.51) —o— 147  1.1(0.76 —1.59) —t——
Myocardial Infarction 156  1.11(0.78 — 1.59) . 92 1.22 (0.75- 1.96) —
Stroke 234  1.09 (0.82 — 1.46) — 143 1.40(0.96—2.03) h—
Atrial Fibrillation 314 0.92(0.71-1.19) — o 186  0.93 (0.65—1.33) ———
Coronary Artery Disease 406 1.09 (0.87 — 1.36) & 269 1.07 (0.80 — 1.42) —e—
. . . . . . . . . . . .

(excluding M1)

Figure 8.114: Relationship between accelerated FEV; decline and risk of composite CVD, MI,HF, stroke, AF, and CAD excluding Ml in the first year of follow-up.
Note: Fully adjusted model adjusted for: gender, age, smoking status, airflow obstruction, mMRC dyspnoea (0-4), BMI, hypertension, diabetes, asthma, statin use, and AECOPD frequency and
severity.
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8.4 Discussion

This is the first large observational study to investigate the association between accelerated FEV; decline
and risk of CVD outcomes and mortality in COPD. In patients with no history of CVD, those with accelerated
FEV: decline had a similar risk of CVD outcomes and mortality compared to patients without accelerated
decline, regardless of type of CVD or COPD severity. Rather, other disease characteristics were more closely
related to CVD outcomes and mortality, including history of frequent and/or severe AECOPD and increased

breathlessness.
8.4.1 Comparison with previous studies

No previous studies have investigated the possible association between lung function decline and CVD risk
in a COPD population. This relationship has however been explored in a general population (the ARIC
cohort) by Silvestre and colleagues [74]. The authors of this study, which drew on data gathered over a 17-
year period, found that people with accelerated FEV; decline had a greater risk of a CVD compared to those
without accelerated decline. CVD was defined as a composite endpoint that included hospitalisation or
death from heart failure, stroke, and coronary heart disease, including myocardial infarction. Separate
analyses revealed this increase in CVD risk to be driven by an increased risk for heart failure and stroke
events but not coronary heart disease events. This differs to the findings in this study where no association
was found between accelerated FEV; decline and risk of myocardial infarction, heart failure, stroke, atrial

fibrillation, and coronary artery disease excluding myocardial infarction separately.

Inherent differences in the data sources and study design may account for some of the apparent
discrepancy in findings between this study and that of Silvestre and colleagues. The latter is a cohort study
that followed participants from 1987 in order to understand the causes of atherosclerosis and other clinical
outcomes (including CVD risk factors) and data were collected systematically at four phases during follow-
up by trained healthcare staff. This study, however, uses routinely collected primary care healthcare
records collected from general practices across the UK. Whilst both types of data collection have their own
merits, results could differ due to excess variability in spirometry in routinely collected data due to non-
standardised collection of data leading to random error. Whilst there are merits to both types of databases,

study results are likely to differ [220, 221].

Furthermore, Silvestre et al. used relative change in FEV; percent predicted from baseline to categorise
study participants in term of rate of FEV; decline. This study used absolute change in FEV; adjusting for
baseline FEV1. However, sensitivity analyses (in which change in FEV; was defined using percent predicted
and relative change in absolute FEV;) demonstrated the robustness of the main findings and definition of
the exposure. Lastly, whilst Silvestre et al adjusted for baseline FEVi, they did not account for other
diagnoses such as COPD or airflow obstruction, and it therefore possible that patients with COPD were

confounding the relationship between rate of FEV; decline and CVD outcomes. It is also important to note
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that the magnitude of association with CVD outcomes between people with and without accelerated FEV;,
was small in the Silvestre et al study, suggesting only a marginal increase in their risk (HR.q=1.15 (95% ClI
1.04-1.26)). It is possible that the association found in the ARIC study could be lost if other clinically
important diagnoses such as COPD were adjusted for and would be consistent with the findings from this

study in a COPD population.

Other studies have found that low lung function (both FEV; and FVC) in early adulthood is associated with
risk of CVD in later life in general populations [64-67]. For example, participants enrolled in the ARIC study
in the lowest quartile for FEV1 had an increased risk of incident hospitalisation or death from heart failure
compared with those in the highest quartile. This risk of CVD was also higher in participants with airflow
obstruction (FEV1/FVC<70%) compared to those without, in both men and women [64]. Again, this is likely
driven by COPD patients who generally have a lower FEV; compared to healthy individuals of the same age.
Similarly, the Health, Aging and Body Composition (ABC) study and the Coronary Artery Risk Development
in Young Adults (CARDIA) study, two US community- based studies, found linear associations between FEV;
percent predicted and incident heart failure and stroke hospitalisations over a 10 year period [68, 69].
Overall, however, there is little evidence to suggest that low lung function, compared to high lung function,
in patients with COPD is associated with CVD outcomes and mortality. Recently, a post-hoc analysis of the
SUMMIT trial data found that FEV; percent predicted was not associated with CVD events in a COPD
population who were at an increased risk of CVD over a three year period [51]. This is in line with my
findings where baseline FEV; percent predicted was not associated with risk of CVD and mortality. The
association between FEV;, FEV; decline and CVD differs between non-COPD general populations and COPD

populations.
8.4.2 Exacerbations of COPD, mMRC, and CVD

Interestingly, increasing frequency and severity of AECOPD and increased breathlessness (mMRC) were
associated with increased risk of CVD outcomes and mortality in this COPD patient cohort. This suggests
that other markers of disease severity, rather than rate of lung function decline, might be more closely
related to CVD outcomes and mortality [1]. This observation is in keeping with previous observational
studies which have demonstrated that the period immediately following an AECOPD, especially severe
AECOPD, are extremely high risk for CVD events such as Ml and stroke relative to periods of more stable
disease. For example, Rothnie et al. used linked UK primary care data (CPRD-GOLD and HES) to investigate
the relationship between AECOPD (both moderate and severe) and myocardial infraction and stroke (up to
91 days after an AECOPD) [222]. The risk of myocardial infarction and stroke increased after an AECOPD
and was higher in patients with more severe AECOPD. Another observational UK study of primary care
patients (THIN database) also found that people with COPD had a higher risk of myocardial infarction for
up to 5 days after an AECOPD [223]. Likewise, a post-hoc analysis of data from the SUMMIT study reported
an association between AECOPD and increased risk of CVD outcomes (including death, myocardial
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infarction, stroke, angina, transient ischemic attack) for up to 1 year after an AECOPD, which was
heightened after severe AECOPDs [224]. It is possible that the higher risk of CVD associated with AECOPD
and breathlessness is because patients who are breathless and experience AECOPD are more likely to go
to their GP for further evaluation and there is a higher chance of identifying further comorbidities such as

CVD.

Few studies have investigated the long-term association between AECOPD frequency and CVD outcomes.
One study by Windsor et al. used UK primary care GP data (CPRD-GOLD) to perform a case—control study
that compared the odds of having a stroke in frequent (22 AECOPD in the year prior to index date) and
infrequent exacerbators. They found no relationship between AECOPD frequency and stroke over a
maximum of 9 years [225]. However, this study relied exclusively on primary care data to identify both
AECOPD and stroke events, a strategy which in light of findings of later validation studies that highlight the
importance of using linked secondary care data with CPRD for identifying events [146], may have resulted
in potentially significant event misclassification. In particular, the Windsor et al study may well have missed
a substantial proportion more severe AECOPD or strokes. In contrast, our study, which employed a cohort
design in HES—CPRD linked data, found that both frequency and severity of AECOPD were strongly

associated with risk of CVD outcomes over a maximum follow-up of 13 years.

The relationship between AECOPD and acute CVD events could be driven by increased systematic
inflammation during an AECOPD event. Previous studies found that C-reactive protein, IL-6, and fibrinogen
increased during an AECOPD event [226]. The increase in inflammatory markers both before and after and
AECOPD event are consequently associated with CVD events [223]. In addition, increased inflammation
might decrease CD34+ cells which could lead to arterial stiffness and CVD events [227]. Low lung function
has also been associated with increased inflammatory markers including CRP and fibrinogen [228, 229]
however, increased inflammatory markers have not been associated with the rate at which lung function
declines [230]. This could explain why AECOPDs were associated with increased risk of CVD events via

increased systematic inflammation whilst rate of FEV; decline was not.

Overall, this work suggests that while lung function and rate of lung function decline are associated with
an increased risk of CVD outcomes in general population, this association is not seen in a COPD population.
It is interesting that no association was seen in a COPD population and this suggests that the accelerated
FEV: decline phenotype may not be clinically important with regards to risk of developing or dying from
CVD. Rather, it is possible that AECOPD are driving the association with COPD and CVD. Patients who
experience frequent or more severe AECOPD are more likely to have lower lung function or accelerated
lung function decline (as seen in chapter 5), but the AECOPD themselves seem to be contributing to the
risk of CVD in COPD patients. Patients who experience multiple AECOPD in close succession may not be

managing their COPD properly which could also add to their risk of CVD outcomes.
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8.4.3 Strengths and limitations

This is the first study to investigate the relationship between rate of lung function decline and risk of CVD
outcomes in a COPD population. By using electronic healthcare records, | identified a large population of
COPD patients with varying degree of disease severity, thereby creating a broadly representative COPD
population. A wide range of CVD end points were included which allowed me to capture both acute CVD

events which required hospitalisation and more chronic forms of disease which are treated in primary care.

In common with previous studies on lung function decline, change in absolute FEV; was used as the main
exposure. However, baseline FEV; percent predicted was included as a confounder in the model and a
sensitivity analysis using relative change in FEV: was also performed [17, 28, 89]. Similarly, because
research suggests that FEV; percent predicted is better at estimating change in lung function in studies
with follow-up less than 5 years (due to high within-patient variation in absolute FEV;), a sensitivity analysis
using change in FEV; percent predicted was also performed [90]. In both cases, results were consistent with
those of the main analysis. In order to determine rate of lung function decline at baseline, minimise the
effect of measurement error, and accurately summarise a patient’s lung function decline, patients were
required to have at least three years of baseline follow-up prior to the start of follow-up following previous
research [74]. Whilst an adequate baseline period was needed to estimate lung function decline it is

important to acknowledge that this could lead to immortal time bias.

In addition, it is possible that patients with COPD could have been misdiagnosed with asthma and vice
versa. This is more common in patients over the age of 40 [202]. This is a limitation of the data as we
depend on diagnoses and symptoms recorded by the GP however, previous chapters that have excluded
patients with a history of asthma showed little difference in effect estimates to those of main analyses.
Furthermore, not all patient characteristics or lifestyle factors are recorded within primary and secondary
care, such as physical exercise. Therefore, residual confounding is likely to exist. Lastly, statin use was used
as a proxy for cholesterol level and pack years smoking was not used due to its poor reliability. Despite this,

robust sensitivity analyses were consistent with the main findings.
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8.5 Conclusion

This is the first observational study to investigate the relationship between accelerated FEV; decline and
risk of CVD outcomes and mortality in COPD patients. This study found no association between rate of FEV;
decline and composite CVD outcomes or heart failure, myocardial infarction, stroke, atrial fibrillation,
coronary artery disease (excluding Ml), and CVD mortality as separate outcomes. Interestingly, frequent
and severe AECOPD and increased breathlessness were closely associated with risk of CVD outcomes and
mortality. These findings suggest that accelerated FEV; decline may not be a clinically important biomarker
for risk of developing CVD or dying from CVD causes, but rather frequent and severe AECOPD are closely

associated with risk of CVD and mortality.
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Chapter 9
Discussion

This final discussion chapter will summarise the findings from each chapter in a single cohesive discussion
that addresses the aims in context of the overarching thesis. Detailed discussions around each specific
results chapter can be found at the end of the relevant chapter. Within those discussions, findings have
been contextualised with existing literature and strengths and limitations within each individual chapter
have been discussed. This format is designed to help fully discuss the rate of FEV; decline in a primary care
COPD population, factors associated with the decline, and the implications for clinical practice and
guidelines in its entirety. This chapter also highlights future research that would contribute to the

understanding of the rate of FEV; decline in primary care COPD that was outside the scope of this thesis.
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Overall, this thesis aimed to: i) investigate the rate of FEV: decline in a generalisable primary care
population of COPD patients and understand baseline patient and disease related factors that influence
the rate of decline; ii) investigate the rate of FEV; decline in a generalisable population of COPD patients in
relation to ICS use specifically, because clinical guidelines on ICS use have changed and all evidence
regarding ICS use and FEV; decline originates from RCTs; and iii) investigate whether the rate of FEV;
decline in a generalisable population of COPD patients is associated with future comorbidity, specifically
CVD, a common comorbidity in COPD patients seen in clinical practice. Summaries of these three aims are

outlined below.

9.1.1 Aim 1: Understand the rate of FEV1 decline in a primary care population of COPD

patients

Aim 1 was the focus of chapters 4 and 5, which investigated ways in which to define the longitudinal rate
of FEV; decline available in CPRD, describe the rate of FEV: decline in a primary care population of COPD
patients, and investigate baseline factors associated with rate of FEV; decline, specifically in relation to

accelerated FEV; decline.

Aim 1.1: Investigate the recording of FEV; in CPRD and ways to define longitudinal change in FEV;
(chapter 4)

This chapter set out to investigate ways to define and estimate longitudinal change in FEV; using criterion
based on FEV; variability, length of follow up time, number of FEV: measurements taken during follow-up,
time between recorded spirometry measurements, AECOPD recorded close to spirometry, and the
inclusion of patients with linked data (HES). The rationale behind this was that due to the nature of
routinely collected data, COPD patients may have spirometry recorded at the GP, not only for their annual
review, but also on other occasions (possibly due to AECOPDs), which may have led to variation in the

frequency and number of FEV,; measurements within COPD patients in primary care.

First, | found that excluding patients for reasons such as high within patient variation — which could
represent measurement error - led to the inclusion of a specific group of patients who do not necessarily
represent the wider population of patients seen in everyday practice. In this case, excluding patients with
high within patient variation in FEV, led to the exclusion of severely obstructed COPD patients. It is possible
that these patients had very poor lung function and were unable to perform adequate spirometry. It is
common for three spirometry measurements to be performed and for the best measurement to be
recorded by the healthcare practitioner. Patients with severe disease may not be able to perform multiple
spirometry measurements and therefore only one was performed and recorded, which might not have
represented the patient’s true FEV:. However, the use of all other FEV; measurements, regardless of follow-
up time, number of FEV: measurements, time between measurements, the proximity to recorded AECOPD,
and the use of HES data, did not affect estimated rates of FEV: decline in a primary care COPD population.

223



Second, the use of mixed linear regression may be a better method to use when estimating FEV; decline in
routinely collected data, such as CPRD, compared to multiple linear regression and calculating the rate
using the difference between first and last FEV: measurements divided by duration of follow-up. This is
because the model accounts for both within and between patient variation in the model. Many RCTs and
other observational studies have used techniques that only include a baseline FEV; and one other FEV;
measurement to estimate FEV; decline over a specific period. Whilst this is an appropriate method to use
in RCTs or prospective cohort studies, which have regular monitoring of spirometry over follow-up, it may
not be the best option when using routinely collected data because reasons for the recording of spirometry
measurements is not always known and measurement techniques may vary by GP and healthcare
professionals. Due to potential measurement error in routinely collected data, relying on two
measurements alone may introduce bias if those two measurements were not recorded correctly, which
is more likely in routinely collected data than RCTs and prospective cohort studies. Using as many
appropriate FEV; measurements over follow-up as possible from routinely collected data may help reduce
any biases from measurement error and poorly recorded measurements. Therefore, more robust
regression models such as mixed linear regression may be a more appropriate model for estimating FEV;

decline in routinely collected data.

It would be interesting to investigate the definitions of rate of FEV; decline described in chapter 4 in other
EHRs or claims databases to understand whether similar methods should be used in similar healthcare
databases or whether different definitions of longitudinal change in FEV; should be used even between
routinely collected databases. In addition, if reasons for why spirometry is recorded is not always known,
it would be interesting to investigate whether only using FEV: measurements recorded at annual reviews
would be a better way of estimating rate of FEV; decline. One study of adults with cystic fibrosis found that
annual review lung function underestimated lung health in the UK and that approximately 20% of all annual
review visits were performed during periods of clinical instability [231]. Further work could investigate this
in COPD to explore the quality of spirometry performed on annual review dates. Whilst this method may
help to include more reliable FEV: measurements, the limitation is that patients would have to have at
least one year of follow-up, rather that the required 6 months in this thesis, and this would exclude more
patients, specifically those who might have died before a second annual review measurement was

identified.

Overall, rate of FEV; decline using all interpretable measurements in CPRD is adequate if mixed linear
regression is used and researchers should be aware of excluding patients based on within patient variation

as it could lead to unrepresentative COPD populations.
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Aim 1.2: Describe the rate of FEV; decline in a primary care COPD population and investigate patient

characteristics that are associated with the decline (chapter 5)

Chapter 5 subsequently described the rate of FEV; decline in COPD patients in CPRD using the knowledge
obtained in chapter 4. It was important to investigate factors associated with the decline in a primary care
setting so that healthcare practitioners can identify early signs of accelerated FEV; decline and better

manage COPD patients.

Overall, | found that the mean rate of FEV; decline in a generalisable COPD population was -17.7 ml/year,
which fits with existing literature around FEV; decline in COPD [17, 28-30, 38]. The rate of FEV; decline in
this study population was also heterogenous, which has also been shown in the ECLIPSE study.
Interestingly, the ECLIPSE study was an observational study with regular data collection, which suggests
that CPRD, a routinely collected database, is a suitable database to estimate FEV; decline. The ECLIPSE
study also found a mean decline of -33ml/year in COPD patients, similar to the mean rates reported in
healthy non-smokers [17, 167]. However, the distribution of rates of decline varied greatly in COPD patients
which might explain why mean rates of decline reported in COPD studies are dependent on the type of
patients included. Also, most COPD patients (approximately 80% of COPD patients registered in CPRD) are
prescribed COPD maintenance therapies aimed to improve symptoms and lung function. This might explain

why the rates of FEV; decline in primary care COPD populations are slower than what one might expect.

In addition, | found specific patient and disease related characteristics that were associated with
accelerated rate of FEV; decline. Other than increasing age and current smoking status, which have already
been shown to be associated with FEV; decline, low BMI, worse COPD disease severity (i.e., high mMRC
and frequent moderate AECOPD), high baseline FEV: percent predicted, and prevalent ICS use were
associated with an increased rate of FEV; decline. Whilst factors such as increased frailty (i.e., low BMI) and
increased disease severity are likely possible associations, prevalent ICS use may be due to confounding by
indication, a common bias seen in routinely collected databases and observational data in general [232].
The association between mild airflow obstruction (i.e., higher baseline FEV; percent predicted) and
accelerated FEV; decline was likely due to higher initial baseline FEV;. These patients therefore have more
absolute lung function to lose compared to more severe patients with lower baseline FEV;. Interestingly,
results suggested that patients with low baseline FEV; percent predicted had mean changes of FEV; that
increased over follow-up. This might be explained by the high within patient variation of FEV; seen in these
patients, as described in chapter 4. These patients may not be able to perform adequate spirometry
measurements, especially as their disease worsens. Further work should set out to explore the recording

of FEV1 in these specific patients to dissect these findings where FEV: increases in severe COPD patients.

Future work could also investigate a different measure of change in FEV; which incorporates baseline FEV;.

One measure could be the percentage change in FEV; from baseline. A previous study investigated both
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absolute change and relative change in FEV; in a general population and reported baseline characteristics
associated with both measures of change [160]. The authors found some inconsistency between baseline
characteristics that were significantly associated with both measures of change in FEV;, notably with
gender due to the inclusion of height in FEV; percent predicted. Whilst relative change in FEV; was used
as a sensitivity analysis in chapter 8, future studies should investigate the relationship between a wide
range of baseline characteristics, as presented in this chapter, and relative change in FEV; to understand
whether risk factors associated with change in absolute and relative FEV; differ. This would help to
understand whether both measures of change in FEV; are needed to make clinical decisions. In addition,
whilst rate of FEV; decline over the long term was estimated using linear models, change in FEV; can vary
in the short term and future work could investigate the non-linear rate of FEV; decline over short periods

of time using joint analysis methodology.

9.1.2 Aim 2: Understand the relationship between ICS and rate of FEV1 decline in a primary

care population of COPD patients

Aim 2 relates to the information from chapter 2 (systematic review on ICS and FEV; decline), chapter 6 (the
relationship between ICS, EQS, and FEV; decline), and chapter 7 (the relationship between ICS withdrawal
and FEV; decline). The previous chapter found that various factors influenced the rate of FEV; decline in
COPD patients seen in primary care, and ICS use was one of these factors. However, this was likely to be
confounded by indication. Many RCTs have shown that ICS use is associated with an attenuated rate of
FEV: decline however, no studies have investigated this in a more general cohort of COPD patients or over
longer periods of time. Similarly, recent ERS guidelines state that ICS should be withdrawn from patients
on triple therapy however, the evidence guiding these clinical guidelines includes very specific groups of
COPD patient who were not generalisable to the wider population of COPD patients. Guidelines also
indicate that blood eosinophils should be used a marker of ICS response. Overall, this chapter described
previous literature on ICS use and rate of FEV; decline, investigated the relationship between ICS use and
the rate of FEV, decline in a primary care COPD population and its interaction with blood eosinophils, and

investigated the relationship between ICS withdrawal and rate of FEV; decline in COPD patients.

Aim 2.1: Conduct a systematic review of the rate of FEV; decline associated with use of inhaled

corticosteroids in COPD (chapter 2)

This chapter reviewed the existing literature on ICS and rate of FEV; decline. Findings from this systematic
review showed that RCTs with follow-up of less than one year reported slower rates of decline, or even
increases in FEV4, in ICS trial arms compared to non-ICS trial arms. However, in RCTs with longer follow-up
(greater than one year), there was little difference between the rates of FEV; decline between in ICS and
non-ICS trial arms. This suggested that whilst there seems to be an effect in the short term, long term use

of ICS may not help improve lung function in COPD patients by a clinically meaningful amount. It is
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important to weigh out the benefits of ICS use compared to risks, specifically the increased risk of

pneumonia that is well established in this population.

Aim 2.2: Investigate the relationship between ICS use, eosinophil counts, and rate of FEV; decline (chapter

6)

Given the findings from chapter 2 (systematic review), this chapter estimated the rate of FEV; decline in a
primary care COPD population over a maximum of 12 years and investigate whether blood eosinophil levels
modify the relationship between ICS and rate of FEV; decline. Interestingly, | found that the rate of FEV;
decline was not clinically different between patients on ICS and those not on ICS over a maximum of 12-
years. In addition, having high blood eosinophils did not modify the relationship between ICS use and rate

of FEV; decline.

However, when patients first started taking ICS medications there were some differences in the rate of
FEV: decline compared to those not taking ICS medications and differences related to baseline eosinophil
level. Results suggested that FEV; increased in patients initiating ICS compared to those not on ICS. Results
also suggested that the improvement in FEV; when initiating ICS was greater in patients with high baseline
blood eosinophils and less so in patients with low blood eosinophils. This suggests a potential short-term
effect of ICS, notably in patients with high blood eosinophils, but in the long term, ICS users do not have a
clinically different rate of FEV; decline compared to those not on ICS. Further sensitivity analyses were

consistent with this finding.

These results were in line with what | found in the systematic review of RCTs highlighting little benefit in
FEV: decline with the long-term use of ICS compared to in the short term [115]. Future work should aim to
confirm this and help to understand how long this time frame is. This needs to be confirmed because
comparative effectiveness analyses studying prevalent users are likely to have more confounding than
those of new users [45]. For example, prevalent users might meet study inclusion criteria after the initiation
of the treatment and these patients might have been affected by the treatment prior to study follow-up
[45]. More evidence on the time frame in which ICS reduces FEV: decline could help guide the length of ICS
use to improve lung function in specific patients. Spline analysis may be one method to use to investigate

the difference in rate of FEV; decline between new ICS users and non-ICS users over specific time intervals.

It is possible that some patients benefit from the long-term use of ICS and this should also be investigated
to understand for how long and in which patients ICS should be prescribed for. For example, ICS use is
associated with lower C-reactive protein (CRP), which is also associated with lung function and mortality
[233, 234]. The relationship between ICS, CRP, and FEV: decline could be investigated to investigate
whether patients with higher CRP benefit from ICS use in the long term. In addition, other than further
biomarkers of inflammation, factors such as genetics could play a role whereby COPD patients with a

specific genetic variant could benefit more from long term ICS use compared to other COPD patients with
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regards to FEV: decline. Recently, Obeidat and colleagues performed a GWAS study and found five loci that
showed an interaction with positive response to ICS. Specifically, one genotype was associated with the
rate of FEV; decline in COPD patients on ICS [235]. Further studies should investigate whether such genetic

variants modify the relationship between ICS and FEV; decline over longer periods of time.
Aim 2.3: Investigate the relationship between withdrawal of ICS and rate of FEV; decline (chapter 7)

Clinical guidelines for COPD now state that ICS should be withdrawn if patients experience few or no
AECOPD and have low blood eosinophils [37]. This is largely based on results from the WISDOM trial that
found that patients who withdrew from ICS has a similar risk of AECOPD compared to those who remained
on ICS. However, the WISDOM study also found those who withdrew from ICS had a faster FEV; decline
than those who remained. These findings were based on a specific COPD population who had severe COPD
and who exacerbated. Therefore, the aim of this chapter was to investigate the association between ICS
withdrawal and rate of FEV; decline in a generalisable population of COPD patients, as well as a similar
population to WISDOM and a further population that included patients specifically with comorbidities as

these patients are often excluded from RCTs.

Overall, | found that there was no clinical difference in rate of FEV; decline between patients who withdrew
from ICS compared to those who did not withdraw in any of the three populations or sensitivity analyses.
This suggests that withdrawing patients on triple therapy from ICS may not influence patients’ rate of FEV;
decline. However, a main limitation of this study, was that the classification of patients who did and did
not withdraw from ICS was confounded by indication. This meant that patients classed as ICS withdrawers

were patients who GPs would have considered would do well after withdrawing ICS.

EHRs are valuable databases to investigate treatment effects because of their rich information on
prescriptions, patient characteristics, and a wide variety of outcomes, including rate of FEV: decline.
Emulating trials using EHR may be beneficial when RCTs are not possible, ethical, or if broader populations
are to be investigated. However, there are important design aspects to bear in mind when using these
databases to emulate trials including treatment assignments (i.e., defining patients who withdrew from ICS
and patients who remained on ICS), defining time zero (i.e., the time at which patients withdraw from ICS),
and analysis plan (i.e., intention to treat or censored analysis) [45]. If factors such as these are not properly
emulated, then biases can arise such as selection bias and confounding by indication. Confounding by
indication was likely to be a main source of confounding in the analysis performed in chapter 7. This is
because healthcare practitioners would have decided to whether they should withdraw ICS from patients
on triple therapy. This decision would have been influenced by a variety of factors including the healthcare
practitioner’s perception of how well the patient is, how well they are responding to their current therapy,
their own experience withdrawing patients from ICS, whether the patient asked to change treatment, and

many more [214, 215]. Understanding why patients withdrew from ICS is important to fully understand the
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patient characteristics of those who withdrew from ICS compared to those who remained on triple therapy.
Methods exist to overcome confounding by indication and future work should use these to investigate the
relationship between ICS withdrawal and rate of FEV; decline whilst minimising confounding by indication.
One way to do this is using propensity scores to estimate a probability score for every patient based on the
odds of the patient withdrawing from ICS. Factors that are likely to influence the decision for withdrawal
should be used to estimate this probability score. The score could then be used to match treatment groups

so that patients are similar in t of the probability of being withdrawn from ICS [214, 215].

Interestingly, Wing and colleagues recently used CPRD to apply trial emulation methods to replicate the
TORCH study [236]. They used patient level TORCH data to match COPD patients in CPRD to COPD patients
in the TORCH study using propensity scores. Overall, the authors found similar results to those reported in
the TORCH study except for in placebo comparisons. This suggests that these techniques are useful in
minimising biases, such as confounding by indication, in non-placebo comparisons when using routinely
collected data to emulate a trial. Further work following on from chapter 7 should aim to develop more
robust methodology to better emulate the WISDOM trial and extrapolate findings to more generalisable
populations. One way to validate findings of the WISDOM trial would be to perform similar methods to
those performed by Wing and colleagues and use patient level WISDOM data to match COPD patients in
CPRD to those in the WISDOM trial. In addition, it is possible that patients captured in routinely collected
data can have multiple eligibility periods. This means that patients could have withdrawn from ICS but have
been prescribed ICS again (as triple therapy) later during follow-up, thus switching exposure group. It is
therefore possible to include patients multiple times depending on their exposure at a given time and
adjust for baseline characteristics associated with each eligibility time point. This could help increase

sample size and properly capture all exposure groups during follow-up.

9.1.3 Aim 3: Investigate the relationship between rate of FEV1 decline and future risk of CVD

(chapter 8)

All previous chapters investigated the relationships between patient characteristic, with an emphasis on
ICS use, and the rate of FEV; decline in primary care COPD patients. | found that various characteristics do
influence the rate of FEV; decline, which is important for disease management however, little is known
about the rate of FEV; decline and future risk of comorbidities, specifically CVD, a common comorbidity of
COPD patients. This was important to understand because lung function decline has been previously
associated with HF and stroke in a general population and it is important to identity early markers of
developing comorbidities, which have further detriment to COPD disease progression [74]. Therefore, the
aim of chapter 8 was to investigate the relationship between accelerated FEV; decline and risk of future

CVD in a CVD naive primary care COPD population.
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Overall, | found that COPD patients with accelerated FEV; decline had the same risk of developing CVD or
CVD mortality as COPD patients without accelerated FEV; decline in a CVD naive population of COPD
patients. | repeated analyses using different thresholds for accelerated FEV; decline, investigated each CVD
event separately, included repeated events however, all analyses suggested that there was no association
between accelerated FEV; decline and risk of future CVD. Rather, it seems that other COPD related factors
such as AECOPD were more closely associated with future risk of CVD, which is already a well-established
association seen in previous studies. It is possible that AECOPD are driving the relationship between FEV;
decline and risk of CVD as lung function decreases both during and after an AECOPD and in some patients
this decline in lung function cannot be restored and therefore patients who exacerbate more often will
have lower lung function as well as increased risk of CVD. It would be useful to compare the findings of this
study to similar COPD studies using different databases and slightly different COPD populations, not just

primary care for example, to validate and contextualize these findings further.
9.1.4 Thesis conclusions

Overall, FEV; decline in COPD patients seen in primary care is heterogenous and various factors are
associated with the rate of decline which are important in identification of patients at risk of accelerated
decline and better disease management. In addition, ICS use was not associated with reduced rate of FEV;
decline in the long term however, incident ICS use was associated with improved lung function, notably in
COPD patients with high blood eosinophils. Further work is needed to fully understand the time that the
benefits of ICS use in relation to rate of FEV; decline are seen. In addition, rate of FEV; decline was similar
between patients who withdrew from ICS compared to patients who remained on triple therapy, however
further effort is needed to ensure robust methodology. Lastly, the rate of FEV; decline was not associated

with future risk of developing CVD or CVD mortality.

This thesis has furthered the discipline by studying COPD patients who are not commonly represented in
RCTs or observational studies. Whilst limitations exist and further work is needed, healthcare practitioners
should be aware of the patient characteristics and the presentation of disease related characteristics to
identify patients who are more likely to have faster rates of FEV; decline, and who would be more at risk
of mortality. In addition, healthcare practitioners should be aware that ICS use may not improve lung
function over the long term and could be withdrawn from ICS if appropriate however, further work is

needed to fully understand the effects of ICS withdrawal in these patients with more robust methodology.
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Appendix 2: Supplementary material to chapter 2

Population inclusion and exclusion criteria for studies included in the systematic review.

Author Inclusion criteria Exclusion criteria

Calverley 2003 Age 40-74; clinical diagnosis of COPD; history of current/previous

smoking; FEV; % predicted <85%; FEV1/FVC <70%; FEV; 20.8L

Clinical diagnosis asthma; require non-trial anti-inflammatory treatment for
lung disease or B-adrenoblockers; <5 years life expectancy due to
concomitant disease; unable to meet required standards for spirometry

Auffarth 1991 Smoking >1 cigarette/day for at least 5 years; FEV; % predicted 30-
75; reversibility less than 20% FEV1 % predicted; provocative
concentration of histamine causing a 20% fall in FEV; less than
16mg/ml; negative skin test response to 12 allergens/IgE for house
dust mite; total serum IgE below 4701U/ml; blood eosinophils
below 0.2x108/L; no URTI or ocs 2 months prior to start; ICS

stopped 2 weeks prior

Bourbeau 1998 | Age 240; smokers or ex-smokers; no asthma history in childhood or
adulthood; no AECOPD in last 2 months; pre-bronchodilator
FEV1>65% predicted; FEV:/FVC>0.65; post-bronchodilator FEV;
<80% predicted; regular treatment with 21 bronchodilator; no ICS
or ocs in previous 2 months; no other active lung disease or
diabetes, peptic ulcer disease, uncontrolled high blood pressure;
hf, any disease other than COPD that would affect qol; non-

responders to ocs

Vestbo 2017

Age 240; current or ex-smoker; COPD diagnosis with post
bronchodilator FEV1<50% predicted; FEV:/FVC<0.7; 21

ICS/LAMA/LABA 2 months prior; asthma diagnosis; allergic rhinitis or
atrophy; AECOPD 4 weeks prior; clinically significant cardiovascular
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moderate/severe AECOPD in prior year; used ICS +LABA or
ICS+LAMA or LAMA monotherapy for>2 months prior to start

conditions or laboratory abnormalities; unstable concurrent disease that
could influence safety and efficacy

Burge 2000

Age 40-75; current or former smokers; non-asthma COPD; FEV;
post bronchodilator >0.8L and <85% predicted; FEV;/FVC<70%

FEV: response to 400ug salbutamol exceeding 10% predicted; life
expectancy <5 years; concurrent diseases; used B-blockers

Pauwels 1999

Age 30-65; current smokers at least 5 cigarettes/day, smoked
cigarettes for >10 years, smoking history 25 pack years; FEV1 %
predicted 50-100; FEV1/FVC<70%; increase in FEV; after inhalation
of 1mg terbutaline <10%; change in FEV; between the end of first 3
months of run in and end of second <15%

History of asthma, allergic rhinitis, allergic eczema; oral glucocorticoids for
>4 weeks during 6 months follow-up

Vestbo 1999

Age 30-70; FEV1/FVC<0.7; FEV; reversibility after inhalation of 1mg
terbutaline<15%; FEV; reversibility after 10 days treatment with
oral prednisolone<15%; informed consent

Long term treatment (>2 episodes of >4 weeks) ocs or ICS within 6 months
of study entry; pregnancy or lactation; intention to become pregnant; other
serious systemic disease that could influence results; chronic alcohol and
drug use; participation in other clinical studies of COPD within 1 month of
inclusion

Ohar 2014

Age 240; AECOPD within 2 weeks of start and hospitalised for <1
days or emergency room observation for 224hours with ocs & abx
treatment or visit to GP or emergency room for <24 hours with ocs

& abx treatment plus 6 months history of AECOPD related
hospitalisations

Other significant co-morbid conditions (current or history) including asthma,
lung cancer, uncontrolled diabetes and hypertension, angina etc., abnormal
ECG or chest x-rays at visit 1, pregnancy, physical disability, hypersensitivity
to B-agonists, any adverse reaction, substance abuse or psychiatric disease
that might interfere with study

Calverley 2018
&
Vestbo 2016

Age 40-80; current or former smokers with 210 pack-years; post
bronchodilator FEV; 50%-70% predicted; FEV1/FVC<0.7; MRC>2;
history or at risk of CVD

Current diagnosis of asthma; significant lung disease other than COPD; lung
reduction surgery; receiving long term O, therapy or ocs; severe hf; life
expectancy less than 2 years; end-stage chronic renal disease

Cazzola 2000

Age >50; well controlled COPD; 20< smoking pack years; change in
FEV1£12% predicted following salbutamol 400ug; post-
bronchodilator FEV1<85%; good MDI technique; previously been

Asthma as primary diagnosis; unstable respiratory disease requiring
oral/parenteral steroids within 4 weeks prior to start; upper or lower RTI
within 4 weeks of screening visit; unstable angina or unstable arrythmia;

concurrent use of medications that affected COPD or interact with
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individually dose titrated with SR theophylline to serum
theophylline level 10-20 ug/mL

methylxanthine products (macrolides or fluoroquinolones, evidence of
alcohol abuse)

Vestbo 2005

Age 40-79; COPD by ERS definition; >10 smoking pack years; pre-
bronchodilator FEV; 25-70% predicted; FEV1/FVC<70%; poor short-
term reversibility (<10% predicted FEV1 30 mins post 400ug
salbutamol); chronic bronchitis with exacerbations in the last three
years

Current diagnosis asthma; eczema; allergic rhinitis; treatment with systemic
steroids, antibiotics; change in COPD medication in last 4 weeks; use of
SABAs, other ICSs, other LABAs and combination bronchodilators
(Combivent, berodual, duovent)

Renkema 1996

Clinical diagnosis of COPD based on history (persistent dyspnoea,
on exertion, without sudden attacks of dyspnoea); FEV1<80%
predicted ;RV>100% predicted; specific compliance
(Csp%pred)>100% post BD - if air trapping> 1.5L Csp allowed to be
<100%pred; no signs of allergy (-ve SPT, <200IU/mL IgE,
<250x103/mL peripheral blood eosinophils; serum as-anti-trypsin
level within normal range; clinically stable disease

>70 years old at entry; receiving continuous corticosteroid therapy; severe
concomitant disease which may interfere with the study

Lee 2015

Age 240 years; clinical diagnosis of COPD with symptoms for >2
years; history of 21 AECOPD requiring steroids/abx within 1-12
months; current or prior smoking history of 210 pack years; pre-
bronchodilator FEV1<50% predicted; pre-bronchodilator FEV1/FVC
<70%

History of asthma; history of seasonal allergic rhinitis before age 40; AECOPD
requiring hospitalisation/A&E admission 4 weeks prior to or during run-in
period; used systemic/inhaled glucocorticosteroids 4 weeks/2 weeks before
run-in period; significant cardiovascular disorder; significant respiratory tract
disorder (not COPD); received non-cardio selective oral or ophthalmic B-
blocking agents; narrow-angle glaucoma; prostatic hyperplasia; bladder neck
obstruction

Shaker 2009

Aged 50-80; current smokers with history of 210 cigarettes a day
during last 6 months and previous history of 220 pack years;
clinical diagnosis of COPD for <2 years; FEV1 35-70% predicted;
FEV1/FVC<60%

Ex-smokers; FEV; reversibility 212% and 200ml from baseline 15 mins after
1mg terbutaline inhalation or 215% and 300ml after 2 weeks on oral
prednisolone (25mg); any severe concomitant disease; AECOPD 30 days
prior to first visit; ocs for >4 weeks 6 months prior to first visit; long-term O,
therapy
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Wise 2000 Age 40-69; FEV1/FVC<0.7; FEV1 30-90% predicted; current smokers | Any other medical conditions; recent mi, alcoholism; hf; insulin-dependent
or ex-smokers who had quit within previous 2 years diabetes mellitus; neuropsychiatric disorders; bronchodilator use or ics/ocs

in previous year
Weir 1999 Clinical diagnosis COPD; adult onset airflow obstruction; FEV1:<70% | Diagnosis of asthma; clinically significant bronchodilator reversibility; history

predicted; FEV:/FVC<65%

of acute attacks of breathlessness and recovery between episodes;
significant improvement with steroid use in the past; patients who thought
that steroid treatment was clinically indicated; prescribed ocs 23 months in
previous year or anytime in 4 weeks before trial
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Quality assessment and support for judgement for each article included in the systematic review.

Author & year: Calverley 2003

Domain Risk of bias | Support for judgement
Random sequence generation Unclear Quote: “Treatment was randomized”
Selection bias
Comment: Probably done however,
more detail is needed
Allocation concealment Unclear Did not mention
Selection bias
Selective reporting Low All outcomes measures listed in methods
Reporting bias section were reported in results
Other sources of bias Low No other sources of bias
Other bias
Blinding of participants and personnel | Low Quote: “Double blind”
Performance bias
Comment: Probably done
Blinding of outcome assessment Low Quote: “Double blind”
Detection bias
Comment: Probably done
Incomplete outcome data Low While 156/376 patients withdrew from

Attrition bias

ICS and 193/375 withdrew from placebo,
all patients were included in analyses
and patients who withdrew were
compared with patients who completed
the study in terms of outcomes
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Author & year: Auffarth 1991

Domain Risk of bias | Support for judgement
Random sequence generation Unclear Quote: “They were then allocated at
Selection bias random to one of two parallel groups in
a double blind design”
Comment: Probably done but no
description of how it was done
Allocation concealment Unclear Not mentioned
Selection bias
Selective reporting Low All outcomes measures listed in methods
Reporting bias section were reported in results
Other sources of bias Low No other sources of bias
Other bias
Blinding of participants and personnel Low Quote: “double blind design”
Performance bias
Comment: Probably done
Blinding of outcome assessment Low Quote: “double blind design”
Detection bias
Comment: Probably done
Incomplete outcome data High Quote: “Eleven of the 12 placebo treated

Attrition bias

and 10 of the 12 budesonide treated
patients completed the trial”.

Comment: ITT patients used for baseline
characteristics, FEV% predicted however,
complete population used for PC20 ratio,
and n=12 (ICS) and n=11 (placebo) for
diary card data.
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Author & year: Bourbeau 1998

Domain

Risk of bias

Support for judgement

Random sequence generation
Selection bias

Low

Quote: “Patients were randomly assigned”; “Randomisation was
carried out in blocks of four patients to ensure similar numbers
of patients in each treatment group”

Comment: Probably done

Allocation concealment Low Quote: “Identification of individual treatment assignments was

Selection bias only possible in case of emergency by breaking the sealed
envelope kept by the investigator. The envelopes had to be kept
with the case record forms and be returned unbroken at the end
of the study”
Comment: Probably done

Selective reporting Low All outcomes measures listed in methods section were reported

Reporting bias in results

Other sources of bias Low No other biases

Other bias

Blinding of participants and Low Quote: “double blind”

personnel

Performance bias
Comment: Probably done

Blinding of outcome assessment | Low Quote: “double blind”

Detection bias
Comment: Probably done

Incomplete outcome data Low Quote: “All the analyses were performed on an intention-to-

Attrition bias

treat basis, meaning that all patients randomised to treatment
were included in the analysis, regardless of protocol violations,
and including those who had to be withdrawn up to the point of
withdrawal”

3/39 withdrew from ICS, 10/40 withdrew from placebo

Comment: Probably done

261




Author & year: Vestbo 2017

Domain Risk of bias | Support for judgement
Random sequence generation | Low Quote: “Patients were randomised to treatment by
Selection bias investigators contacting an interactive response technology

(IRT) system, which used a randomisation list generated by
the IRT provider. Randomisation was in the ratio 2:2:1”

Comment: Probably done

Allocation concealment Low Quote: “Patients, investigators, site staff, and funder
Selection bias personnel were masked to treatment assignment for the
duration of
the study”

Comment: Probably done

Selective reporting Low All outcomes measures listed in methods section were
Reporting bias reported in results
Other sources of bias Low No other sources of bias
Other bias
Blinding of participants and Low
gorp P Quote: “double blind, double dummy”
personnel
Performance bias Comment: Probably done
Blinding of outcome Low Quote: “double blind, double dummy”
assessment

Detection bias Comment: Probably done

Incomplete outcome data Low Quote: “We analysed primary, key secondary, and other
Attrition bias secondary endpoints in the intention-to-treat population”

92/1077 withdrew from fixed triple, 161/1075 withdrew
from non-ICS group, 42/538 withdrew from open triple

Comment: Probably done
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Author & year: Burge 2000

Domain Risk of bias | Support for judgement

Random sequence generation Low Quote: “We used a computer generated

Selection bias allocation schedule stratified by centre
(block size of six). Patients were
randomised sequentially from a list
comprising treatment numbers only”
Comment: Probably done

Allocation concealment Low Quote: “Patients were randomised

Selection bias sequentially from a list comprising
treatment numbers only”
Comment: Probably done

Selective reporting Low All outcomes measures listed in methods

Reporting bias section were reported in results

Other sources of bias Low No other sources of bias

Other bias

Blinding of participants and personnel | Low Quote: “double blind”

Performance bias
Comment: Probably done

Blinding of outcome assessment Low Quote: “double blind”

Detection bias
Comment: Probably done

Incomplete outcome data Low Quote: “Analyses for each parameter

Attrition bias

included all randomised patients with at
least one valid measurement”

160/376 withdrew from ICS, 195/375
withdrew from placebo

Comment: Complete case analysis
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Author & year: Pauwels 1999

Domain Risk of bias | Support for judgement
Random sequence generation Unclear Not stated
Selection bias
Allocation concealment Unclear Not stated
Selection bias
Selective reporting Low All outcomes measures listed in methods
Reporting bias section were reported in results
Other sources of bias Low No other sources of bias
Other bias
Blinding of participants and personnel | Low Quote: “double blind”
Performance bias

Comment: Probably done
Blinding of outcome assessment Low Quote: “double blind”
Detection bias

Comment: Probably done
Incomplete outcome data Low Quote: “Data on the randomized

Attrition bias

subjects were analyzed on an intention-
to-treat basis”

176 withdrew from ICS, 189 withdrew
from placebo

Comment: complete case analysis
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Author & year: Vestbo 1999

Domain Risk of bias | Support for judgement

Random sequence generation Low Quote: “Randomisation was masked and

Selection bias the randomisation sequence generated
by computer at Astra. Study numbers
were allocated in a consecutive order”
Comment: Probably done

Allocation concealment Low Quote: “The randomisation code was

Selection bias held by Astra and was not available to
the researchers until the study had been
completed”
Comment: Probably done

Selective reporting Low All outcomes measures listed in methods

Reporting bias section were reported in results

Other sources of bias Low No other sources of bias

Other bias

Blinding of participants and personnel | Low Quote: “double blind”

Performance bias
Comment: Probably done

Blinding of outcome assessment Low Quote: “double blind”

Detection bias
Comment: Probably done

Incomplete outcome data Low Quote: “only intention-to-treat results

Attrition bias

are shown”

Comment: Both ITT and per protocol
population were used but only ITT
population were shown.
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Author & year: Ohar 2014

Domain Risk of bias | Support for judgement

Random sequence generation Low Quote: “Allocation of double-blinded

Selection bias study treatments was conducted using
RAMOS (GlaxoSmithKline, UK), an
interactive voice response system”
Comment: Probably done

Allocation concealment Low Quote: “Allocation of double-blinded

Selection bias study treatments was conducted using
RAMOS (GlaxoSmithKline, UK), an
interactive voice response system”
Comment: Probably done

Selective reporting Low All outcomes measures listed in methods

Reporting bias section were reported in results

Other sources of bias Low No other biases

Other bias

Blinding of participants and personnel | Low Quote: “double-blind”

Performance bias
Comment: probably done

Blinding of outcome assessment Low Quote: “double-blind”

Detection bias
Comment: probably done

Incomplete outcome data Low Quote: “All efficacy and safety analyses

Attrition bias

were performed in the intent-to-treat
(ITT) population”

26/314 withdrew from ICS; 39/325
withdrew from non-ICS

Comment: Randomised population used
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Author & year: Calverley 2018

Domain Risk of bias Support for judgement
Random sequence generation Low Quote: “Participants were randomly assigned through a
Selection bias centralized randomization service in permu