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Describe any changes to the study plan (200 words max) 
Please outline any changes made to the conduct or protocol of the research since submission 
of the original application for funding. 
n/a 

 

Outline any extension requests granted by PRUK (200 words max) 
This section should outline any extension requests that were approved (extensions to the 
study duration or additional monies) and the reasons for the extension. 
An extension to the duration of the project was granted owing to maternity leave of the primary 
researcher. The original deadline was June 2020 and extended to December 2021. 

 

Outline the next steps in your research career (500 words max) 
We are interested in the next steps you will be taking in your research journey. We are also 
keen to understand how this project will support you to take those next steps. 

I will be using the research undertaken during this project to write my PhD thesis, which I hope to 
submit later this year. This research grant has allowed me to complete the research that I thought 
was important to undertake, without financial restriction.  
 
Once my PhD thesis is accepted, I will be looking to apply for further research funding (from 
sources such as MRC, NIHR) to continue with research into COPD, using CPRD data and other 
research methodologies. Writing the PRUK grant application has given me some experience of 
what is expected in grant applications.  
 
In the longer term (2-3 years), I am looking to apply for promotion to an associate professor 
position. The PRUK research grant will provide strong evidence of the fundability and impact of 
my research and has given me a starting point for further research and publications to further my 
research career. 
 

 

Background (500 words max) 
This section should outline the existing literature available and a background to the research 
conducted. 
COPD is known to affect over 900,000 people in the UK and it is estimated that up to a further two 
million people could have the disease but are currently undiagnosed.1 COPD is a debilitating, chronic 
condition that results in significant reduction in quality of life, and exacerbations. Exacerbations are 
known to contribute to decline in lung function and worse patient outcomes;2 thus reducing 
exacerbation rates and halting the decline in lung function are key aims for medications.  
 
Inhaled corticosteroids (ICS) are one treatment option for people with COPD. A Cochrane systematic 
review of their use found that there was a small benefit of using ICS in reducing exacerbation rates 
but they did not reduce the decline in lung function (as measured by predicted forced expiratory 
volume in one second (FEV1)), or reduce mortality.3 Previous guidance only recommended ICS be 
used in more severe disease and other pharmacological agents are used in less severe disease.4 The 
current national guidance states that further investigation of the features that predict inhaled 
corticosteroid responsiveness should be conducted5. It is known that ICS have an extensive adverse 
effect profile and a number needed to harm of five.3 Particularly well known adverse effects of ICS 
are: oral thrush, osteoporosis, raised blood glucose levels and gastro-intestinal disturbances. 
Additionally, recent evidence shows a markedly increased risk of non-fatal pneumonia with long 
term ICS use.6 It is therefore important that these medications be avoided when there is shown to 
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be little or no benefit to the patient. Some of the features that may predict ICS responsiveness in 
COPD include asthmatic features, eosinophilia and smoking status. 
 
It is thought that the reason ICS are so effective at reducing symptoms and exacerbations of asthma 
is because the underlying cause of inflammation is caused by eosinophilia. In COPD, however, in the 
majority of patients the inflammation is caused by neutrophilia; which is less responsive to ICS.7 
Recently it has been shown that only up to 30% of the COPD population have sputum eosinophilia.8 
Furthermore, it is estimated that up to 50% of the COPD population also have an element of asthma 
to their disease.9 It is therefore postulated that the small benefit on exacerbation rates reported in 
the Cochrane review may be due to these subpopulations receiving most of the benefit. As the 
Cochrane review categorised patients by the severity of disease and not the underlying cause of 
inflammation, it is possible that some people who would benefit from ICS are not currently receiving 
them whilst others are using them but with no benefit and are exposed to potential side effects and 
harms. Therefore, there has been some recent investigation into targeting ICS to COPD patients 
with eosinophilia and asthma/COPD overlap disease.  
 
Additionally, it is thought that smoking pre-disposes people with COPD to be resistant to ICS due to 
a reduction in the enzyme histone deactylase. As 27% of the COPD population in CPRD are current 
smokers, and a further 54% ex-smokers10 this is potentially a significant interaction. A systematic 
review11 concluded that smoking may reduce effectiveness of ICS, but further research is needed. 
 
No previous studies using real-world data from databases, such as the Clinical Practice Research 
Datalink, have investigated the effectiveness of ICS on lung function and exacerbation rates in 
people with COPD.  

 

Aims & Objectives (300 words max) 
Please outline the aims and objectives of the research. 
The aim of this research is to determine which patient and/or disease factors are significant in 
affecting the effectiveness of inhaled corticosteroids (ICS) for people with chronic obstructive 
pulmonary disease (COPD), in terms of lung function and exacerbation rates.  
 
The specific objectives are to investigate the following: 

1. The effect of long-term ICS use in COPD on reduction in lung function decline, and 
exacerbation rates over time in comparison to people not treated with ICS 

2. The effect of smoking in determining benefit of ICS use in COPD on reducing decline in lung 
function, and reducing exacerbation rates 

3. The effect of eosinophil counts in determining benefit of ICS use in COPD on reducing 
decline in lung function and reducing exacerbation rates 

4. Effect of co-diagnosis of asthma in determining benefit of ICS use in COPD on reducing 
decline in lung function, and reducing exacerbation rates 
 

The effect on lung function and exacerbation rates of the four aims above will be combined in a 
regression analysis to determine the significance of each factor on the progression of lung function 
over the study period. From this, the significance of each factor on lung function will highlight 
potential groups of patients who may benefit more (or less) from ICS from the general COPD 
population. 
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Method (500 words max) 
Please describe the methodologies employed on this proposal, including any other relevant 
assessments conducted. 
Study population 
Inclusion criteria: 
The COPD patient cohort was defined in the CPRD database by searching for numerical codes 
relating to COPD. This was adapted from a validated method of defining COPD in the CPRD 
dataset.12    
Each patient met the following inclusion criteria: 

• An FEV1/FVC ratio of less than 0.7 diagnostic for COPD 

• Over 35 years of age at diagnosis 

• At least one spirometry result recorded as FEV1 in litres, as a percentage, or both  
 

Exclusion criteria 

• Patients with any other co-diagnosed lung disease such as lung cancer or bronchiectasis 
(excluding asthma). This is to ensure changes in lung function are attributable to COPD, 
rather than other lung pathology. 
 

Data linkages 
The patients identified from CPRD were matched with hospital episode statistic (HES) data to 
determine hospital admissions due to a COPD exacerbation for each patient over the study period. 
A list of ICD-10 codes for COPD exacerbations was used to identify these cases. Additionally, the 
patient’s socio-economic status was recorded by linking to index of multiple deprivation. 
 
Missing data 
Missing data was dealt with by first by being flagged, then multiple imputation (via STATA’s ICE 
procedure) was used to impute missing lung function data. 
 
Outcomes 
Lung function: Lung function was recorded using spirometry as FEV1, either a percentage of the 
patient’s predicted value, or as an absolute value in litres.  
Exacerbations: yearly exacerbations treated in the community and in hospital were recorded. This 
was defined using a previously validated method by Rothnie et al13 

 

Data/ Statistical Analysis 
A prospective cohort study design was utilised. Patients with at least one year of data were 
included and analysed. 
1) A random effect panel model was fitted to the cohort at years three, five and ten. Dependent 

variables were FEV1% and exacerbations (hospital and community). Independent variables 
included: gender, age, ICS persistence, other COPD medication use, asthma diagnosis, 
cigarettes smoked per day, Charlson score, and multiple deprivation index. In addition, a 
nested cohort of patients with eosinophil data were also analysed (due to the high number of 
patients with no eosinophil data).  

 
2) A logistic model was fitted to the data at year five to provide the magnitude of difference in 

outcome between the cases and control groups, along with the p value.  Propensity score 
matching was performed to match cases (people on ICS) to control (people not using ICS). The 
cases were people with ≥ 80% persistence of ICS use per year, versus control group of people 
with <10% ICS persistence per year. This was sub-divided in the following analyses: 
a) Current smokers versus ex- and non smokers 
b) People with an asthma co-diagnosis versus no asthma diagnosis 



  

5 
 

c) Nested cohort of people with blood eosinophilia (>400cells/microlitre) versus no blood 
eosinophilia (<400cells/microlitre) 

Information processing and data analyses will rely on specialised statistical and econometric 
packages, notably STATA v.15 (StataCorp LP, 2015, USA). 

 

Results (500 words max) 
Please describe the main results of the research and an outline of the analyses conducted to 
produce the results. 
Demographics: 
62,642 people were identified from CPRD for inclusion in the study. However, only 46,617 
participants fitted into the categories of ICS use (>80% persistence) or non-ICS use (<10% 
persistence). Patient demographics can be seen in table 1. 
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Table 1. Baseline demographics of the study cohort 
 
 
 

 

ICS user Non ICS user# 

Number of participants at baseline 16,560 30,057 

Age at diagnosis 66.5 (11.6) 66.8 (11.4) 

Sex (female) 8,414 (50.8%) 13,796 (45.9%) 

Years follow up* 5 (3-7) 4 (2-6) 

Lung function /L 

Baseline 

Year 3 

Year 5 

Year 10 

 

1.60 (0.60) 

1.58 (0.65) 

1.54 (0.64) 

1.51 (0.69) 

 

1.77 (0.62) 

1.70 (0.66) 

1.63 (0.63) 

1.54 (0.61) 

Exacerbations per year 

In community baseline 

Year 3 

Year 5 

Year 10 

 

Requiring hospitalisation baseline 

Year 3 

Year 5 

Year 10 

 

1.23 (1.00) 

1.36 (1.13) 

1.37 (1.15) 

1.31 (0.93) 

 

0.04 (0.23) 

0.04 (0.25) 

0.05 (0.26) 

0.08 (0.37) 

 

0.96 (0.82) 

1.09 (0.95) 

1.15 (0.96) 

1.26 (0.95) 

 

0.02 (0.13) 

0.02 (0.16) 

0.03 (0.21) 

0.07 (0.39) 

Deaths (all cause) 

Up to year 3 

Up to year 5 

Up to year 10 

Deaths (respiratory) 

Up to year 3 

Up to year 5 

Up to year 10 

 

3,054 (18.4%) 

6,443 (38.9%) 

11,829 (71.4%) 

 

803 (4.8%) 

1,337 (8.1%) 

1,989 (12.0%) 

 

7,338 (24.4%) 

13,708 (45.6%) 

22,272 (74.1%) 

 

1,488 (5.0%) 

2,232 (7.4%) 

3,107 (10.3%) 

Charlson score at baseline* 4 (3-6) 3 (2-5) 

Asthma diagnosis 12,053 (72.8%) 7,736 (25.7%) 

Smoking status at baseline 

Current smoker 

Ex smoker 

Non smoker 

 

5,989 (36.2%) 

7,174 (43.3%) 

3,397 (20.5%) 

 

14,595 (48.6%) 

11,561 (38.4%) 

3,899 (13.0%) 

Amount smoked per day for current 

smokers 

12.3 (8.10) 13.3 (11.0) 

Other respiratory medications at baseline^: 

SAMA 

LABA 

LAMA 

Theophylline 

OCS 

 

2,076 (15.5%) 

7,202 (43.5%) 

3,479 (21.0%) 

336 (2.0%) 

832 (5.0%) 

 

1,681 (5.6%) 

333 (1.1%) 

2,216 (7.4%) 

53 (0.2%) 

459 (1.5%) 

Loss to follow up+  

Year3 

Year5 

Year10 

 

3,337 (20.2%) 

7,690 (46.4%) 

14,819 (89.5%) 

 

8,650 (28.8%) 

16,880 (56.2%) 

28,163 (93.7%) 
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Random effects panel model: 
Figure 1 shows that an asthma co-diagnosis is associated with increased lung function; 1.66% (1.32 
to 2.00, p=0.000) at year 5 than those with no asthma diagnosis. Each cigarette smoked is associated 
with a small decrease in lung function; -0.05% at year five (-0.04 to -0.06; p=0.000). 
 
Figure 2 shows that an asthma co-diagnosis is associated with an increased number of yearly 
exacerbations treated in community at year 5; 0.05 (0.03 to 0.07, p=0.000) but less in hospital; -
0.007 (-0.005 to -0.01, p=0.000). Each cigarette smoked did not make a significant difference to 
yearly exacerbations in either a community or hospital setting. 
 
The nested eosinophil cohort showed that increased blood eosinophil count does not have a 
statistically significant impact on lung function or yearly exacerbations 
 
 

 
Figure 1 Variable coefficients at 3, 5 and 10 years for lung function (FEV1%) 
With 95% confidence interval bars. 
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Figure 2. Variable coefficients for community and hospital exacerbations at 3, 5, and 10 years.  
With 95% confidence interval bars 
 
 
Logistic model: 

The effect of ICS on lung function was a decline of 0.072 Litres (-0.110 to -0.033; 0.000) at year 

five in comparison to non-ICS users. ICS users also saw an increase in total yearly exacerbations of 

0.095 (0.037 to 0.154; 0.001) by year five. 

 

Sub-group analysis - Smoking status 

At year five, current smokers/ICS users had a 0.11 Litre (-0.173 to -0.038, p=0.002) decline in lung 

function compared to non-ICS users. Ex- and non-smokers/ICS users had a 0.048L (-0.091 to -

0.005, p=0.027) decline versus non-ICS users. At year five, current smokers/ICS users had an 

increase of 0.091 exacerbations/year (0.015 to 0.167; p=0.019) compared to non-ICS users. 

Ex/never smokers had an increase of 0.075 exacerbations/year (0.017 to 0.133; p=0.011) versus 

non-ICS users. 

 

Asthma co-diagnosis 

There was no statistically significant difference in lung function at year five between the asthma 

co-diagnosis sub-group and the no-asthma co-diagnosis subgroup. At year five, Asthma/ICS users 

had an increase of 0.10 exacerbations/year (0.01 to 0.19; p=0.032) compared to non-ICS users. No 

asthma/ICS users had an increase of 0.09 exacerbations/year (0.04 to 0.15; 0.001) compared to 

non-ICS users. 
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Nested Eosinophil cohort 

There was no statistically significant difference in lung function at year five between the high-

eosinophil group and normal-eosinophil group. At year five, high eosinophil/ICS user had an 

increase of 0.14 exacerbations/year (-0.04 to 0.32; 0.116) compared to non-ICS users. Normal 

eosinophil/ICS users had an increase of 0.20 exacerbations/year (0.10 to 0.31; 0.000) compared to 

non-ICS users. 

 

 

Discussion (500 words max) 
Please use this section to analyse the findings of your research and link it back to the original 
hypothesis. 
Overall people with COPD using ICS tended to have worse outcomes for both lung function and 
yearly exacerbations than those not using ICS. Although unexpected, this may suggest that the 
people on ICS have more severe disease, or quicker progression of disease leading them to be on 
ICS more frequently. The baseline characteristics do show that people on ICS started with a 
slightly lower lung function than those not on ICS (1.60L versus 1.77L). However, by year 10 the 
lung functions are very similar between the two groups (1.51L versus 1.54L), suggesting that ICS 
may have prevented some decline. A similar effect is noted with yearly exacerbations. 
 
Cigarette smoking, as expected, contributes to a decline in lung function but not significantly to 
exacerbation rates. When combined with using ICS, smokers have worse outcomes (lung function 
and exacerbations) than smokers not taking ICS. These outcomes were also worse for non-
smokers but at a lower level than smokers. This suggests that current smokers who are using ICS 
are the group of people with COPD who will have the worse outcomes. As mentioned previously, 
those on ICS at baseline had more exacerbations and lower lung function, but the gap narrowed 
over time; this does not appear to occur in the smoking versus non-smoking sub-group, the gap 
widens which suggests ICS are not as effective in smokers. 
 
Although overall an asthma diagnosis seemed to contribute to increased community exacerbation 
rates and better lung function than those with no asthma-diagnosis, when this was sub-divided by 
people using ICS versus those not using ICS, there did not seem to be any real difference. This may 
be because of difficulties in defining ‘asthma’ in the CPRD dataset; a larger number of people than 
expected (73% of ICS users) had an asthma co-diagnosis. 
 
In the nested eosinophil cohort, many of the results did not show statistical significance except in 
terms of exacerbation rates; at year five people with high eosinophil counts had a smaller increase 
in exacerbation rates than those with normal eosinophil counts with ICS use. This was expected, 
as it has been shown previously that ICS are effective on high eosinophil counts and reducing 
exacerbations in people with asthma and this appears to be the case in COPD too. The lack of 
statistically significant difference in lung function is not surprising, reducing eosinophil counts 
have not been shown to improve lung function.  

 

Limitations (300 words max) 
Address where your research could have been further improved. 
The main limitations of this research involve the use of a primary care database to extract and 
analyse data. As mention previously, a very large number of people with COPD also had an asthma 
co-diagnosis according to their clinical coding. However, it is not known if these people truly did 
have features of asthma, or whether they were mis-coded at some point. Further work is needed 
to develop a robust method for identifying those with COPD/asthma overlap. 
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Similarly, there were difficulties in defining ‘ICS use’. On first glance at the data, a lot of people 
had some form of ICS prescribed and their persistence with it ranged from 100% down to zero. 
Therefore, only people who it could be certain were using ICS (or not) could be included in the 
study – this meant around 12,000 people who were identified as having COPD did not fit into 
either category of ICS use or no ICS use. 
  
Use of a primary care database that was not intended initially for research purposes has 
limitations; missing data and potentially mis-inputted data can skew results. In this research, 
multiple imputation was used to input missing lung functions. This is the most robust way of 
dealing with the missing data. However, the eosinophil data had a high proportion of missing 
entries that data could not be imputed; this was expected though as eosinophil blood counts 
would be done incidentally to any COPD diagnosis and it was anticipated that many patients 
would not have this recorded. 

 

Conclusion (300 words max) 
Please provide a succinct conclusion to the report and provide the key take-home message for 
the reader to understand. 
Inhaled corticosteroid use in COPD is still a controversial topic. This research has shown in a real-
world analysis that they may slow the decline of lung function and reduce the rise in exacerbation 
rates in comparison to non-use.  
 
When trying to identify groups of patients who may gain benefit from ICS, it appears that current 
smokers have worse outcomes in both lung function and exacerbation rates than ex- or non-
smokers over five years. Conversely, those with high blood eosinophil counts may see a benefit in 
using ICS in a lower rise in exacerbation rates at five years. 

 

Summary of outputs (300 words max) 
Please include a list of dissemination activities carried out during the life of the project, in 
addition to future activities planned. 

• Publication: SONNEX K, ALLEEMUDDAR H, KNAGGS R. 2020. Impact of smoking status on 
the efficacy of inhaled corticosteroids in chronic obstructive pulmonary disease: a 
systematic review. BMJ Open;10 

• Abstract submitted to PRIMM conference: ‘Effect of inhaled corticosteroids in smokers 
and non-smokers with COPD’ 

• Future plans - publication of the following papers: 
o ‘Effect of inhaled corticosteroids in smokers and non-smokers with COPD’ 
o ‘Effect of inhaled corticosteroids in people with COPD and high blood eosinophil 

counts’ 
o ‘Effect of inhaled corticosteroids in people with asthma-COPD overlap’ 

 

Recommendations for future research (300 words max) 
Discuss the impact of your research more generally, whether it is towards a particular patient 
group or for further research. 
This body of research adds to the knowledge base on the use of ICS in COPD. It is anticipated that 
this may be included in subsequent revisions of national and international guidance on the 
management of COPD. 
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It has been identified in this research that smoking has an impact on the efficacy of ICS, this will 
lead to further research to investigate the impact of smoking cessation, while using ICS, has on 
COPD outcomes. 
  
It has been identified that asthma-COPD overlap is difficult to identify in the CPRD dataset. This 
will lead to scoping work to formulate a methodology to identify these patients, which will 
hopefully have wider applications. 
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