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ABSTRACT

Introduction Asthma is the most common chronic
respiratory disease in children and adults. Asthma results
in significant disease-related morbidity, healthcare

costs and, in some cases, death. Despite efforts through
implementation of national guidelines to improve asthma
care, the UK has one of the highest asthma-related
morbidity and mortality rates in the western world. New
approaches are necessary to prevent asthma attacks

in children and adults. The objectives of this study are

to assess the association between demographic and
clinical factors and asthma-related hospital admissions in
children and adults, describe the epidemiology of asthma
phenotypes among hospital attenders, and externally
validate existing asthma risk prediction models.

Methods and analysis This is a retrospective cohort study
of children and adults with asthma. Data will be extracted
from the Clinical Practice Research Datalink (CPRD) Aurum
database, which holds anonymised primary care data

for over 13million actively registered patients and covers
approximately 19% of the UK population. The primary
outcome will be asthma-related hospital admissions. The
secondary outcomes will be prescriptions of short courses
of oral corticosteroids (as a surrogate measure for asthma
exacerbations), a composite outcome measure including
hospital admissions and prescriptions of short courses of oral
corticosteroids and delivery of asthma care management
following hospital discharge. The primary analysis will use a
Poisson regression model to assess the association between
demographic and clinical risk factors and the primary and
secondary outcomes. Latent class analysis will be used to
identify distinct subgroups, which will further our knowledge
on potential phenotypes of asthma among patients at high
risk of asthma-related hospital admissions. A Concordance
statistic (C-statistic) and logistic regression model will also
be used to externally validate existing risk prediction models
for asthma-related hospitalisations to allow for the optimal
model to be identified and evaluated provide evidence for
potential use of the optimal performing risk prediction model
in primary care.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Clinical Practice Research Datalink Aurum will be
used, which has over one million registered patients
with a diagnosis of asthma, providing ample statisti-
cal power for both the main and subgroup analyses.

= The study will include both adults and children, al-
lowing for age-stratified analyses of asthma-related
hospital admissions.

= The study will not be able to analyse emergency
department attendances due to the unavailability of
linked emergency department data.

= Asthma is often both underdiagnosed and misdiag-
nosed in routine clinical care, which risks introduc-
ing misclassification bias in our analyses.

Ethics and dissemination This study was approved
by the CPRD Independent Scientific Advisory Committee
(reference number: 21_000512). Findings from this
study will be published in a peer-reviewed journal and
disseminated at national and international conferences.

INTRODUCTION

Context

Asthma is a chronic respiratory disease that
affects both adults and children. It is one
of the most common chronic diseases and
results in significant morbidity and mortality."
Despite asthma being a manageable disease,
the UK has one of the highest asthma-related
morbidity and mortality rates in the western
world, accounting for three deaths per
day and approximately 60000 emergency
hospital admissions/year.”* This has resulted
in a significant and preventable health and
economic burden that costs the UK National
Health Service £1.1billion per year.'
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Acute asthma attacks requiring hospital attendance
often indicate poor symptom control and inadequate
management of risk factors. Possible risk factors for the
high incidence of asthma attacks include severe disease,
poor adherence to prescribed therapies, inadequate clin-
ical care and disease monitoring, presence of comorbid-
ities, tobacco use, socioeconomic deprivation, previous
asthma attacks, and air pollution.*”

Despite efforts to improve the management of asthma
through implementation of national clinical guidelines
published by the British Thoracic Society and the National
Institute for Health and Care excellence (NICE), there
has been little reduction in asthma attacks across all age

groups.”®

Current knowledge

Previous studies have found that female sex,g’12
previous exacerbations requiring hospital admission,
I dncreased disease severity, * '* older age (245
years),” "' ¥ younger age (<18), """ ethnic minorities
(African-American, Black and Indian),'® ¥ 1 history of
inhaled corticosteroids (ICS) (defined as ICS use in the
preceding year)," over-use of short-acting beta agonists'®
and comorbidities such as chronic rhinitis and gastro-
oesophageal reflux disease (GORD)'" are associated with
asthma exacerbations including those requiring hospi-
talisation in children and adults. Previous studies also
suggest that continued care and follow-up after hospital-
isation reduce future asthma-related hospitalisations.'” "

Most of the existing evidence on the association between
asthma and hospitalisations is based on patient data from
the USA and Asia, and the evidence from these studies
is unlikely to be generalisable to a UK population, partly
due to significant differences in healthcare provision.
Risk factors for exacerbations are likely to differ across
age groups, but there is a paucity of studies describing
risk factors for asthma exacerbations stratified by age.

A UK-based study describing the characteristics of
3776 children aged 5-12 years in primary care record
databases (Clinical Practice Research Datalink (CPRD)
and Optimum Patient Care Research Database) showed
that previous history of asthma attacks was the strongest
predictor for future asthma attacks.*” A similar study
using data from over 200000 patients in CPRD showed
that the risk of subsequent asthma attacks requiring
hospitalisation increased with disease severity.'* A study
of 460 children aged 5-16 years from 10 UK general prac-
tices showed that recent asthma attacks, high fractional
exhaled nitric oxide, socioeconomic deprivation and
poor symptom control in the previous 6 months was asso-
ciated with a higher risk of future asthma attacks.”' **

Two previous studies have used UK data from CPRD to
assess asthma outcomes; however, one study included only
children® and the other investigated the association with
disease severity alone.'"* There is currently no evidence
published using UK primary care data in a population of
adults and children stratified by important demographic
characteristics, including age and sex. A UK representative

population-based cohort study using primary care data is
needed to understand the multiple risk factors present
for future asthma exacerbations requiring hospital
admission, in addition to understanding the primary care
management of patients after hospitalisation in the UK.

A recent systematic review summarised a number of
risk prediction models that have been developed to esti-
mate the risk of asthma exacerbations requiring hospi-
talisation.”® The main parameters used in these risk
prediction models included age, sex, smoking history,
comorbidities, course of systemic corticosteroids, emer-
gency department visits and previous hospitalisation for
asthma exacerbations. A more recent study used data
from a subset of CPRD to generate a risk prediction
model for asthma exacerbations.” The model included
patients aged 12-80 years and did not demonstrate if the
risk prediction model was able to accurately predict the
risk of asthma exacerbation-related hospitalisations in
children below the age of 12 years.

External validation of existing risk prediction models is
needed in a common data set to identify the model with
optimal performance in a UK primary care population
to accurately predict asthma exacerbation risk. There is a
need to assess both the discrimination and calibration of
these models.*® This could help guideline developers and
clinicians to determine whether the models are appro-
priate for use in UK primary care. This would also help to
identify the most promising models to prospectively eval-
uate in randomised controlled impact trials.””

Study aims and objectives

We aim to describe detailed characteristics of patients
with asthma and their association with asthma-related
hospital admissions to identify a comprehensive range of
risk factors for high-risk patients. The aim is to enable
primary care services to use these findings on risk factors
to identify and flag high-risk patients for the delivery of
targeted interventions to prevent future hospitalisations.
We also aim to identify distinct risk factor clusters to
describe the clinical heterogeneity in high-risk patients
with asthma and delineate potential phenotypes that
may help better target therapies. The treatment and care
delivered following hospitalisation will be analysed to aid
the identification of the gaps and discontinuity between
primary and secondary care services, which could then
be targeted for intervention and service improvement.
We also aim to externally validate existing risk prediction
models for asthma exacerbations in a UK-based primary
population.

The specific objectives for this study are to (1) define
and characterise a cohort of adults and children with
asthma, (2) assess the incidence of asthma-related hospi-
talisations, (3) identify risk factors for asthma-related
hospitalisations, (4) phenotype asthma patients at high
risk of asthma-related hospitalisations, (5) externally vali-
date existing risk prediction models for hospitalisations
for asthma, (6) assess the primary care management of

2 Simms-Williams N, et al. BMJ Open 2022;12:058356. doi:10.1136/bmjopen-2021-058356

yBLAdod Aq paloalold "(98£94IM)
UIZIpaN Iny Yay101|gigreiusz usyasineq e gzog ‘€ JaquisnoN uo jwod fwguadolwg//:dny woly pepeojumoq "2z0z 1snbny 6T U0 9G£850-TZ0Z-uadolwa/9eTT 0T Se paysignd 1suy :uado (NG


http://bmjopen.bmj.com/

patients following hospital discharge after an asthma
exacerbation.

METHODS AND ANALYSIS

Study design

A retrospective open cohort study using routine primary
and secondary healthcare data, consisting of patients with
asthma between 1 January 2011 and 1 January 2021.

Data source

The data used to conduct this study will be UK primary
care records extracted from the Clinical Practice Research
Datalink —Aurum (CPRD Aurum) database with linked
Hospital Episode Statistics (HES). Over 1000 general
practices contribute to CPRD Aurum, covering approx-
imately 19% of the UK population. The database holds
data for over 39 million patients, approximately 13 million
of whom are current patients.”® Over 90% of patient data
contributing to CPRD Aurum have linked HES data. The
general practices that contribute to CPRD Aurum use a
patient records software called EMIS, which codes clin-
ical data using Read Code clinical classification (V.3) and
Systematized Nomenclature of Medicine - Clinical Terms
(SNOMED-CT) codes,” and codes for drug prescriptions
using medical drug codes, which are linked to the British
National Formulary.® The linked HES data uses ICD-10
codes to code diagnoses.”

Population

General practices that have contributed to CPRD on or
after the index date (1 January 2011) will be eligible for
inclusion in the study. Data will be extracted for adults
and children aged 5 years and over diagnosed with asthma
who have been registered to an eligible general practice
for at least 1year prior to the index date to allow for the
collection of baseline data. Patients will be included in
the study if they have received a diagnosis of asthma
before the index date as well as incident cases diagnosed
after the index date. Asthma will be defined as the pres-
ence of a Read code or SNOMED-CT code for asthma,
as listed in online supplemental file 1. The recruitment/
study period will be 1 January 2011 to 1 January 2021.
There are no exclusion criteria for this study.

Study variables

Exposure variables

Asthma will be defined as the presence of a Read code
or SNOMED-CT code for asthma. An extensive list of
relevant clinical codes for asthma has been developed to
identify eligible patients eligible for inclusion (see online
supplemental file 1).

Outcome variables

The primary outcome will be the number of hospital
admissions for asthma, assessed with linked HES Admitted
Patient Care (APC) data (defined by the ICD-10 asthma
diagnosis codes J45 and J46). The secondary outcomes will
be prescriptions of short courses of oral corticosteroids

for asthma exacerbations, delivery of clinical care for
asthma after discharge from hospital (including prescrip-
tions of ICS, smoking cessation counselling, provision of
an asthma management plan, demonstration of inhaler
technique and provision of an asthma review) and a
composite outcome measure including hospital admis-
sions or prescriptions of short courses of oral cortico-
steroids. The outcomes will be defined by the relevant
clinical codes (ICD-10) or drug/SNOMED-CT codes.

Predictor variables

The baseline patient demographics and characteristics
to be extracted include age (at index date), sex, ethnic
group, socioeconomic status, smoking status (smoker,
ex-smoker, never smoked), body mass index (BMI) and
alcohol consumption. Current comorbidities will also be
extracted. A literature search was conducted in addition
to obtaining expert opinions to identify the most relevant
comorbidities to be included in the study. This included
atopic dermatitis, allergic rhinitis, allergies, GORD,
cardiovascular disease, chronic obstructive pulmonary
disease (COPD), obstructive sleep apnoea, non-cystic
fibrosis bronchiectasis, interstitial lung disease, chronic
rhinosinusitis, anxiety, depression, obesity and diabetes
mellitus. Asthma-related prescriptions including short-
acting bronchodilators, ICS and leukotriene receptor
antagonists and other medical prescriptions unrelated to
asthma diagnosis such as beta blockers and non-steroidal
anti-inflammatory drugs will also be reported due to their
likely association with asthma hospitalisations. All covari-
ates will be captured before the index date at baseline
from CPRD data.

Follow-up period

The recruitment/study period will be from 1 January 2011
to 1 January 2021. The start of follow-up for patients will
be the latest of 12 months after registration with general
practice, study start date or the date of patient diagnosis
of asthma. The end of follow-up for patients will be the
earliest of at least one study outcome reached, death, exit
from the database or study end date (1 January 2021).

Missing data

Missing data are not likely to be missing at random.”
Therefore, multiple imputation will not be used. A sepa-
rate ‘missing’ category will be created for missing data
for each variable. Continuous variables will be converted
into categorical variables to allow for the addition of the
‘missing’ category. Data will likely be missing for ethnic
group, BMI and smoking status. The absence of clinical
codes for diagnoses (eg, comorbidities) or drug treat-
ment codes will indicate the absence of the condition or
drug.

2

Data analysis

The data will be extracted using the Data extraction for
epidemiological research (DExtER)™ tool and the anal-
ysis will be undertaken using STATA SE V.16. The asthma
cohortwill be stratified into the following age-groups: 5-11,
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12-17, 18+ years. The primary analysis will use descrip-
tive statistics to describe the characteristics of the cohort
including age, sex, ethnic group, socioeconomic status,
smoking status (smoker, ex-smoker, never smoked), BMI,
comorbidities (including allergies and atopic diseases),
prescriptions of short-acting bronchodilators, ICS, oral
corticosteroids and blood eosinophil levels (counts and
percentage where these are available). Categorical data at
baseline will be described using proportions, and contin-
uous data will be described using means with SD, where
the data follow a normal distribution or median with IQR,
where the distribution is skewed.

The incidence rates for asthma-related hospitalisa-
tions will be calculated for the entire cohort and strati-
fied by demographic and clinical characteristics. Poisson
regression models will be used to assess the association
between the prespecified covariates and the primary and
secondary outcomes. The models will be fitted with the
prespecified covariates as the independent variables and
asthma-related hospital admissions (primary outcome)
as the dependent variable. The secondary outcomes,
prescriptions of short courses of oral corticosteroids and
the composite outcome of hospital admissions or short
courses of oral corticosteroids, will also be analysed using
separate Poisson regression models.

A latent class analysis will be used to identify clusters of
characteristics based on demographic and clinical factors
that differentiate patients with asthma. This will allow us
to phenotype subgroups of patients with asthma at high
risk of asthma-related hospital admissions.

To quantify the performance of existing risk predic-
tion models, we will conduct an external validation on
models derived from primary care where there has been
sufficient reporting of model parameters. The models
will be identified from the literature and recent system-
atic reviews. The variables used in the models that are
also available in CPRD include age, sex, smoking history,
comorbidities, prescriptions of systemic corticosteroids
and previous hospitalisation for asthma exacerbations. A
novel risk prediction model that has been developed by
the University of Edinburgh will also be externally vali-
dated in CPRD Aurum.™

The discrimination and calibration of the prediction
models will be assessed. The concordance statistic (C-sta-
tistic) will be used to calculate discrimination, which will
assess how well the model differentiates between patients
who experience the outcome and patients who do not.
Calibration will be used to assess how closely the predic-
tions of the model match the observed outcomes in
the data. Calibration will be assessed by fitting a logistic
regression model with the outcome variable set as the
observed outcomes and the independent variable set as
the log odd-transformed model predictors. We will assess
these measures using both the primary and secondary
outcomes.

An analysis of hospitalised patients with asthma will
be conducted to assess the primary care management
of patients following discharge from hospital after an

asthma exacerbation. We will report the frequency and
percentages of asthma-related drug prescriptions and any
other interventions delivered before and after discharge
from hospital. We will use % tests to test for statistically
significant differences between the frequency of drug
prescriptions and other interventions before and after
hospitalisation. An ordinal logistic regression model will
be used to assess the association between patient risk
factors and the delivery of clinical care after discharge
from hospital. The items of clinical care management to
be included are prescriptions of ICS, smoking cessation
counselling, provision of an asthma management plan,
demonstration of inhaler technique and provision of an
asthma review. A composite management score will be
derived as the sum of the number of clinical care manage-
ment items recorded.

A sensitivity analysis will be conducted to assess the
effect of the COVID-19 pandemic on the results of the
primary analysis. The events of the COVID-19 pandemic
are likely to have had an impact on the frequency of
asthma-related exacerbations and hospital admissions
due to self-isolations and national lockdowns being
implemented over the past year. A recent study found
that asthma exacerbations significantly decreased during
the pandemic across all age groups, both sexes and across
most regions in England.” The sensitivity analysis will be
conducted in two parts. The first part includes restricting
the analysis to all patients eligible for inclusion prior to 31
January 2020 (patients eligible for inclusion after this date
will be excluded). Therefore, the study start date for the
analysis will be 1 January 2011 and the study end date will
be 31 January 2020. The second part includes restricting
the analysis to all patients eligible for inclusion after 31
January 2020 to the latest available date. The sensitivity
analysis will allow any differences in outcome results
attributed to COVID-19 to be identified and compared
with that of the primary analyses.

In older adults, COPD can be misdiagnosed as asthma.
Smoking is a known key risk factor for COPD. We will,
therefore, undertake a subgroup analysis by smoking
status and COPD status to assess whether the observed
associations differ between these two groups. Additionally,
we will conduct a subgroup analysis focusing on patients
with eosinophilia on their blood count (peripheral blood
eosinophil count >3%, or absolute count >300 cells/pl)
as eosinophilia can be used as an indicator for potential
corticosteroid responsiveness in airway diseases; this is
mainly in the form of asthma and also includes a propor-
tion of patients with COPD.

Sample size calculation

Based on the sample size calculation derived by Signorini
and Zhang and Yuan,36 7 \we have determined that, for
the smallest outcome baseline rate considered (0.5%),
in order to have 80% power at an alpha level of 0.05 to
detect the smallest effect size (incidence rate ratio 0.2),
we will need a sample size of approximately 360 000.
Based on data from NICE and Asthma UK, we expect a
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cumulative incidence of asthma-related hospital admis-
sions of approximately 0.75% in a single year.”® There-
fore, we will have a sufficient sample size for this study.
The population size of current patients within CPRD
Aurum is 13320051. We estimate that approximately 1
600 000 patients will meet the criteria for inclusion in this
study.

Patient and public involvement

We will be working closely with members of the Patient
and Public Involvement groups of Asthma UK and the
NIHR Children and Young Persons Steering Group for
dissemination of the study findings. Patients and members
of the public were not involved in the design of the study.

STRENGTHS AND LIMITATIONS

The study will have a large sample size and data will be
generalisable to the UK population as CPRD contains
data that covers approximately 20% of the UK popula-
tion.?® In contrast with previous studies, we will stratify
patients across three age groups to describe risk factors
and adjust for a broader range of relevant risk factors and
confounders in the analysis. This will enable us to identify
at risk patients across multiple age groups and provide
a comprehensive evaluation of the impact of various
comorbidities on asthma-related hospital admissions.
The large sample size also provides sufficient statistical
power to perform several relevant subgroup analyses. The
HES APC data linkage to primary care records provides a
unique opportunity to characterise patients admitted to
hospital due to asthma exacerbations.

Limitations of the studyinclude the potential inaccuracy
of asthma diagnoses. We acknowledge that patients with
asthma can often be misdiagnosed, which may result in
the potential misclassification of asthma.”?*’ The misclas-
sification of asthma could result in the dilution of effect
sizes and, therefore, the effect sizes in this study are likely
to be relatively conservative, as will model performance.

A limitation of using data from primary care databases
is that ethnicity is often poorly recorded with approxi-
mately 30% of individuals having missing ethnicity data.
However, for those without an ethnicity recording, a sepa-
rate category will be created for the missing data values.
Another limitation is that oral corticosteroids may be
prescribed for a number of alternative conditions such
as other atopic diseases (eg, atopic dermatitis), COPD
and rheumatoid arthritis, leading to potential misclassi-
fication bias of the secondary outcome. We also acknowl-
edge that a prescription recorded in primary care records
does not necessitate that the prescribed drug was actually
consumed by the patient or reflect medication compli-
ance. We will acknowledge these study limitations in our
main study report.

A further limitation to the study includes the lack of
accident and emergency (A&E) data use. Some asth-
matic patients may require A&E but may not be admitted
to hospital or visit their GP; therefore, data from these

patients may be missed. However, this is likely to be a
small proportion of patients with asthma and is unlikely
to affect the results of this study.
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Appendix 1: Asthma code list

CPRD AURUM READ
MEDCODES DESCRIPTION CODE SNOMED-CT CODE
95786019 Occupational asthma 173¢.00 57607007
301485011 Asthma H33..00 195967001
338238011 Brittle asthma H334.00 225057002
396114013 Intrinsic asthma H331.00 266361008
456163018 Asthma - currently active 663].00 312453004
1208969012 Mild asthma 663V100 370218001
1483199016 Allergic asthma H330.11 389145006
1488421017 Asthma annual review 66YJ.00 394700004
1488436019 Asthma medication review 8B3,.00 394720003
885291000006115 Extrinsic asthma - atopy H330.99 389145006
955631000006116 Occupational asthma null 955631000006100
Acute non-infective exacerbation
2010041000006110 of asthma null 2010041000006100
Asthma accident and emergency
216186011 attendance since last visit 663m.00 708373002
Emergency asthma admission
264565016 since last appointment 663d.00 708358003
301508013 Intrinsic asthma NOS H331z00 266361008
350149018 Late-onset asthma H33z200 233679003
350151019 Exlrifsic asthma with asthma H330111 | 708093000
409865018 Asthma attack NOS H33z111 708038006
655601000006113 Exercise induced asthma 173A.00 31387002
655611000006111 Exercise induced asthma H33zz11 31387002
660351000006118 Extrinsic (atopic) asthma H330.00 389145006
419211018 Acute exacerbation of asthma H333.00 708038006
145961000006117 Severe asthma attack H33z011 708090002
396118011 Status asthmaticus NOS H33z000 734904007
283550015 Emergency admission, asthma 8H2P.00 183478001
12485061000006100 | Emergency admission, asthma null 183478001
Life threatening acute
8465401000006110 exacerbation of non-allergic null 1086711000000100
asthma
6720721000006110 Asthmatic bronchitis null 405944004
7628271000006110 | ASute exacerbation of extrinsic | 708093000
3435971000006110 Industrial asthma null 57607007
3005801000006110 EIA - Exercise-induced asthma null 31387002
4723761000006110 | Cmerdency hospital admission for | 183478001
7627241000006110 Acute exacerbation of asthma null 708038006
7628191000006110 | ACute severe exacerbation of null 708090002
asthma
8465381000006110 | ife threatening acute null 1086701000000100
exacerbation of extrinsic asthma
5492441000006110 Non-allergic asthma null 266361008
Acute exacerbation of
7628281000006110 immunoglobulin E-mediated null 708093000
allergic asthma
7030341000006110 IgE mediated allergic asthma null 424643009
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Immunoglobulin E-mediated

7030351000006110 . null 424643009

allergic asthma
3005811000006110 Exercise induced asthma null 31387002
4781531000006110 Asthmatic null 195967001
6512381000006110 Atopic asthma null 389145006
2009981000006110 Difficult asthma null 2009981000006100
1821521000006110 Occasional asthma exacerbations | null 1821521000006100
1208970013 Moderate asthma 663V200 370219009
1208971012 Occasional asthma 663V000 370220003
350153016 Hay fever with asthma H330011 233683003
301509017 Mixed asthma H332.00 195977004
301499010 Extrinsic asthma NOS H330z00 424643009
350152014 Allergic asthma NEC H33zz12 389145006
11903851000006100 | Severe asthma attack null 708038006
7030311000006110 IgE-mediated allergic asthma null 424643009
7030321000006110 IgE mediated asthma null 424643009
2240591000000110 | Chronic asthma with fixed airflow | 1355 55 | 866881000000101

obstruction
1208972017 Severe asthma 663V300 370221004
1488422012 Asthma follow-up 66YK.00 394701000
301450011 Chronic asthmatic bronchitis H312000 195949008
301480018 Bronchial asthma H33..11 195967001
264541019 Asthma causing night waking 663N000 170632009
264544010 Asthma not disturbing sleep 6630.00 170635006
5054341000006110 Late-onset asthma null 233679003
264550017 Asthma management plan given 663U.00 406162001
301511014 Asthma unspecified H33z.00 195967001
2117771000000110 :;:gg‘ 1 self-managementplan | g4\ 1100 | 811921000000103
2010031000006110 | ASHte Infective exacerbation of 2010031000006100
1780388018 Asthma confirmed 102..00 401193004
396119015 Asthma attack H33z100 708038006
350148014 Late onset asthma H331.11 233679003
264568019 Asthma severely restricts exercise | 6.63E100 170657004
350156012 iniinsic asthma with asthma H331111 | 708094006
396120014 Asthma NOS H33zz00 195967001

Intrinsic asthma with status
98546013 asthmaticus H331100 1086711000000100
817361000006114 Hay fever with asthma H330.13 233683003
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