Journal of Asthma and Allergy Dove

ORIGINAL RESEARCH

Epidemiology of Childhood Asthma in the UK

Iméne Gouia', Florence Joulain', Yi Zhang?, Christopher LI Morgan®, Asif H Khan®*

'Health Economics and Value Assessment, Sanofi, Gentilly, France; 2Medical Affairs, Regeneron Pharmaceuticals Inc, Tarrytown, NY, USA;
3Epidemiology, Pharmatelligence Ltd, Cardiff, UK; *Global Medical, Sanofi, Bridgewater, NJ, USA

Correspondence: Iméne Gouia, Sanofi, 82 Avenue Raspail, Gentilly, Cedex, 94255, France, Tel +33786980603, Email Imene.Gouia@sanofi.com

Purpose: Global prevalence of pediatric asthma and associated morbidity and mortality has continuously increased. Asthma is the
most common chronic illness in children in the UK; however, recent epidemiology data are lacking. This analysis describes the overall
prevalence and burden of illness of asthma in children.

Methods: This was a retrospective, longitudinal, database analysis using the Clinical Practice Research Datalink database. Primary
care records of 19,330 patients (6—11 years) between January 1 and December 31, 2017, were analyzed. Asthma prevalence was
assessed by severity (as described by Global Initiative for Asthma 2017 guidelines), and symptoms, comorbidities, and treatments
were compared between asthma patients and matched non-asthmatic controls. Results are presented descriptively; logistic regression
analyses were performed for asthma symptoms.

Results: The estimated prevalence of pediatric asthma was 6.5% (95% CI: 6.4—6.5) in the UK (mild: 74.2%; moderate: 15.0%; severe:
10.8%). All patients with moderate or severe asthma and 72.5% of patients with mild asthma were prescribed drug therapy. Most
patients with moderate or severe asthma were prescribed a short-acting B2-agonist (94.9% and 96.0%, respectively), compared with
69.2% of mild asthma patients. Daytime symptoms were reported by 78.1% in those with severe asthma; 34.9% reported night-time
symptoms and 30.8% reported an impact on usual activities. Asthma patients had a higher baseline prevalence of comorbidities
compared with non-asthmatic controls, notably atopic dermatitis (47.8% in severe asthma versus 20.8% in controls) and allergic
rhinitis (13.3% in severe asthma versus 2.0% in controls).

Conclusion: This analysis confirmed that asthma remains a common morbidity among children in the UK. Increasing asthma severity
was associated with worsening symptoms, and asthma patients had significantly more comorbidities compared with non-asthmatic
controls.
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Introduction

The global prevalence of pediatric asthma and associated morbidity and mortality has continuously increased over the
past 40 years.! However, the prevalence of childhood asthma varies considerably by geographic region;'* the highest
rates are reported in Southeast Asia, North America, and Latin America.! In the UK, asthma is the most common chronic
illness in children, but more recent epidemiology data are needed to characterize asthma in children.® Pediatric asthma
has a significant economic impact on the National Healthcare System: there were over 6000 inpatient admissions in
England in 2020/2021 for asthma in children aged <9 years,* and over 1 million children received treatment for asthma
across the UK.’

Asthma symptoms differ between children, because risk factors and clinical burden depend on specific asthmatic
phenotypes; atopic asthma and episodic viral wheeze are most commonly observed in children.® Disease management is
specific to each phenotype and consists of drug therapy (which also includes rescue therapy, such as short-acting
B2-agonists [SABAs]), additional maintenance medication, and avoiding asthma triggers.”® Additionally, diagnosing
and managing asthma in children is more difficult than in adults.”'® However, reviews in low income populations have
shown indications of under-diagnosis or misdiagnosis of asthma across age groups, while studies in high income
populations suggest over-diagnosis of asthma.''™'* A potential reason for this is the lack of a gold standard for the
diagnosis of asthma.'
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This study aimed to address the lack of recent data on epidemiology and characteristics of asthma in children in order
to better understand the clinical burden of this heterogenous disease.'® The primary objective of this study was to
estimate the overall prevalence of asthma in children aged 6 to 11 years in the UK and to characterize the burden of
illness (symptoms, comorbidities, and treatment patterns) in children with asthma using data from a real-world UK
database, the Clinical Practice Research Datalink (CPRD). Prevalence and treatment patterns were further stratified by
level of disease severity based on the Global Initiative for Asthma (GINA) 2017 guidelines.®

Methods

Study Design

This was a retrospective, case-matched analysis of data from the CPRD GOLD primary care dataset. CPRD (formerly the
General Practice Research Datalink) is a longitudinal, anonymized research database that contains patient records for
more than 13 million patients from nearly 700 primary care practices across the UK.'” Studies using the CPRD dataset
are covered by the ethics approval granted by Trent Multicentre Research Ethics Committee (reference 05/MRE04/87).
CPRD Independent Scientific Advisory Committee approval was also granted for this study (ISAC 19 268). The study
population consisted of patients aged 6 to 11 years with a recorded diagnosis of asthma, as indicated by Read or ICD-10
classification codes, either in the index year (2017) or in the previous year (2016; Tables S1 and S2). The index date was
either the date of first diagnosis of asthma in 2017 or, for patients diagnosed before the index year, January 01, 2017
patients were followed until 31** December 2017. A control group of individuals with no history of asthma during or
prior to the study period were matched on age, sex, primary care practice, and concurrent practice registration.
Prevalence of asthma symptoms and treatment patterns were assessed in patients with mild, moderate, and severe
asthma. Comorbidities were compared between patients with asthma and matched non-asthmatic controls.®

Data Analysis

Prevalence

The period prevalence of asthma was calculated for the year 2017. All included asthma patients formed the
numerator, with the midpoint (30" June 2017) CPRD age-specific population forming the denominator. The pre-
valence rates and confidence intervals (CI) based on the mid-p exact test were also calculated. Mid-p values are
defined as half of the conditional probability of the observed statistic combined with the conditional probability of
more extreme values.

Asthma Therapies

Asthma specific therapies prescribed during the index year were extracted from the CPRD therapy table and classified as
SABA, inhaled corticosteroids (ICS; presented overall and by low, medium and high dose, as defined by GINA 2017%),
long-acting bronchial beta-agonists (LABA), ICS/[LABA combination, long-acting muscarinic antagonist (LAMA), and
leukotriene receptor antagonists (LTRA). Systemic corticosteroid (SCS) were reported for <3 days (short-term use), 3 to
29 days (medium-term use), and >30 days (chronic use) total annual exposure. Patients receiving any of these asthma-
related prescriptions during 2017 were included in the analysis.

GINA Severity Classification

Asthma severity was categorized as mild, moderate or severe based on medication received, in line with GINA 2017
guidelines, which were the latest GINA guidelines available at the time of data collection (Table S3). ® This approach is
in line with previous studies focused on asthma severity.'® 2° For patients classified within different severity categories
during 2017, the highest level of severity reported was considered in this analysis. A stepwise approach was taken to
categorize the patients: asthma that was treated with step 1 or step 2 therapies was considered to be mild, and treatment
with step 3 therapies was considered to indicate moderate asthma. Severe asthma was defined as receipt of step 4 or 5
treatment.® In this analysis, once patients with asthma had been categorized by severity, the patient population in each
severity category was matched to control individuals.
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Asthma Symptoms

Asthma symptoms were classified according to the following Royal College of Physicians 3 Questions (RCP-3Q) for Asthma, as
recorded in CPRD: “Have you had difficulty sleeping because of your asthma symptoms (including cough)?” “Have you had
your usual asthma symptoms during the day (cough, wheeze, chest tightness, or breathlessness)?” and, “Has your asthma
interfered with your usual activities (eg, housework, work/school)?”” Descriptive analyses were provided for each symptom
reported by patients during 2017 for the overall patient sample and by severity. For each question, a logistic regression model, in
which presence of each symptom was classified as the binary outcome variable, was performed. Odds ratios with 95% Cls were
presented for each GINA severity classification, and mild cases were used as the reference category.® The regression model was
adjusted for age, sex, and presence of selected comorbidities (allergic rhinitis, allergic conjunctivitis, atopic dermatitis, and
chronic rhinosinusitis). The CPRD clinical symptoms of respiratory infection, cough, and wheeze during baseline were reported
by GINA severity classification and were compared with rates in non-asthmatic control individuals using chi-squared tests.®

Comorbidities

Baseline comorbidities from the CPRD clinical table were defined as occurring prior to the index date. The following
baseline comorbidities were recorded: allergic rhinitis, allergic conjunctivitis, atopic dermatitis, chronic rhinosinusitis
without nasal polyps, and food allergy. Rates of comorbidities were reported by GINA classification and compared with
non-asthmatic control individuals using chi-squared test.®

Results

Baseline Characteristics

Overall, 19,330 pediatric patients with asthma aged 6 to 11 years were registered in the CPRD dataset during 2017;
baseline characteristics of the prevalent asthma population are presented in Table 1. The mean age of patients was 8.7
years, and approximately 60% were male. Most patients (43%) were from England. The estimated point prevalence of
pediatric asthma in 2017 was 6.5% (95% CI 6.4-6.5%); 15.0% of these prevalent cases were classified as moderate
asthma cases and 10.8% as severe (Table 1).

Table | Baseline Characteristics of the
Prevalent Asthma Population and Proportion
of the Population Classified as Having Mild,
Moderate, or Severe Asthma (Based on the
2017 GINA Guidelines)®

Characteristic® N = 19,330
Age, mean (SD), years 8.7 (1.7)
Follow-up, days

Mean (SD) 323.6 (91.8)

Median (IQR) 365.0 (206-365)
Sex

Male 11,568 (59.8)
Nation/region

England 8329 (43.1)

Scotland 5115 (26.5)

Wales 4271 (22.1)

Northern Ireland 1615 (8.4)
GINA severity classification

Mild 14,346 (74.2)

Moderate 2903 (15.0)

Severe 2081 (10.8)

Note: *n (%) unless otherwise stated.
Abbreviations: GINA, Global Initiative for Asthma; IQR,
interquartile range; SD, standard deviation.
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Treatment Patterns

Overall, 79.6% of patients with an asthma diagnosis had a prescription for an asthma-related medication in 2017
(Table 2). All patients classified with moderate or severe asthma were prescribed an asthma-related therapy during
2017, as per GINA 2017 guidelines.® Among patients classified as having mild asthma, 72.5% were prescribed asthma
medication. The majority of patients classified as having moderate or severe asthma were prescribed a SABA (94.9% and
96.0%, respectively), compared with 69.2% of patients with mild asthma. A short-term SCS (<3 days) was prescribed to
14 patients (0.7%) with severe asthma, five patients (0.2%) with moderate asthma, and 20 patients (0.1%) with mild
asthma. Treatment with SCS for 3 to 29 days was recorded for 744 patients (5.2%), 330 patients (11.4%), and 411
patients (19.8%) classified as having mild, moderate, and severe asthma, respectively. SCS use was considered chronic
(=30 days) in <5 patients with severe asthma (no patients with mild or moderate asthma recorded chronic SCS use).

Asthma Symptoms

Of those with available responses to the RCP-3Qs for Asthma, 78.1% of patients with severe asthma reported daytime
symptoms, 34.9% reported night-time symptoms, and 30.8% reported an impact on usual activities (Table S4). However, for
each symptom category across severities, responses were missing for approximately 50% of patients, with over 60% of

Table 2 Proportion of Pediatric Patients with Asthma Prescribed Asthma
Therapies During 2017, by Level of Severity of Asthma (Based on GINA
2017 Guidelines)®

Mild Moderate Severe

(n=14,346) (n=2903) (n=2081)

n % n % n %

SABA 9922 69.2 | 2755 | 949 1998 | 96.0
Low dose ICS 6913 482 | 1445 | 498 471 22,6
Medium dose ICS 0 0 1480 | 51.0 1556 | 74.8
High dose ICS 0 0 0 0 428 20.6
All'ICS 6934 483 | 2623 | 904 | 2001 96.2
LTRA 299 2.1 1175 | 405 1333 64.1
LABA 0 0 340 1.7 1617 | 77.7

LAMA 0 0 0 0 0 0
SCS <3 days 20 0.1 5 0.2 14 0.7
SCS 3-29 days 744 5.2 330 1.4 411 19.8
Chronic (>30 days) SCS 0 0 0 0 <5 <5
ICS/LABA 0 0 308 10.6 1609 | 77.3
Low 0 0 308 10.6 497 23.9
Medium 0 0 0 0 1134 | 545
High 0 0 0 0 348 16.7
Any treatment 10,398 | 72.5 | 2903 | 100.0 | 208I 100.0

Note: Biologic therapies are routinely administered in secondary care, but granular data were
not available.

Abbreviations: GINA, Global Initiative for Asthma; ICS, inhaled corticosteroids; LABA, long-
acting beta2-agonist; LAMA, long acting muscarinic antagonist; SABA, short-acting f2-agonist;
SCS, systemic corticosteroid.
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Figure | Logistic regression model® predicting responses to the Royal College of Physicians 3 Questions for Asthma symptoms for pediatric patients with asthma, by Level
of Severity of Asthma (Based on GINA 2017 Guidelines).®

Notes: Mild n = 14,346; moderate n = 2903; severe n = 2081. *Adjusted for age, sex, baseline allergic rhinitis, conjunctivitis, atopic dermatitis, and Index of Multiple
Deprivation.

responses missing from patients with mild asthma. In a logistic regression model (Figure 1), presence of symptoms was
significantly associated with asthma severity. Compared with patients with mild asthma, patients with moderate asthma were
1.41 (95% CI 1.2—-1.6) times more likely to experience daytime symptoms and 1.76 (95% CI 1.5-2.0) times more likely to
experience night-time symptoms. Patients with severe asthma were 1.99 (95% CI 1.7-2.3) times more likely to experience
daytime symptoms and 2.46 (95% CI 2.1-2.8) times more likely to experience night-time symptoms than patients with mild
asthma. Across asthma severities, significantly more patients with asthma reported respiratory infection, cough, and wheeze
compared with non-asthmatic control individuals (Table 3). Cough was the most frequently occurring symptom, reported by
20.5%, 34.0%, and 37.5% of patients with mild, moderate, and severe asthma, respectively.

Table 3 Symptoms Recorded by Pediatric Patients with Asthma, by Level of Severity
of Asthma (Based on GINA 2017 Guidelines)®

Patients With Asthma | Control Individuals | P-value
n (%)
Mild (n = 14,279)
Respiratory infection 214 (1.5) 48 (0.3) <0.001
Cough 2928 (20.5) 672 (4.7) <0.001
Wheeze 159 (I.1) 18 (0.1) <0.001
Moderate (n = 2895)
Respiratory infection 53 (1.8) 11 (0.4) <0.001
Cough 984 (34.0) 144 (5.0) <0.001
Wheeze 51 (1.8) 5(0.2) <0.001
Severe (n = 2071)
Respiratory infection 33 (1.6) 9 (0.4) <0.001
Cough 777 (37.5) 103 (5.0) <0.001
Wheeze 49 (2.4) <5 <0.001

Note: Patients without recorded symptom information at baseline are removed.
Abbreviation: GINA, Global Initiative for Asthma.
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Table 4 Number of Patients with Recorded Comorbidity at Baseline Compared
with Control Individuals, by Level of Severity of Asthma (Based on GINA 2017

Guidelines)®
Patients With Asthma | Control Individuals | P-value
n (%)
Mild (n = 14,279)
Atopic dermatitis 6441 (45.1) 3045 (21.3) <0.001
Allergic rhinitis 1007 (7.1) 290 (2.0) <0.001
Food allergy 963 (6.7) 189 (1.3) <0.001
Allergic conjunctivitis 331 (2.3) 113 (0.8) <0.001
Moderate (n = 2895)
Atopic dermatitis 1405 (48.5) 604 (20.9) <0.001
Allergic rhinitis 274 (9.5) 46 (1.6) <0.001
Food allergy 230 (7.9) 33 (1.1 <0.001
Allergic conjunctivitis 79 (2.7) 19 (0.7) <0.001
Severe (n = 2071)
Atopic dermatitis 990 (47.8) 431 (20.8) <0.001
Allergic rhinitis 275 (13.3) 41 (2.0 <0.001
Food allergy 211 (10.2) 25 (1.2) <0.001
Allergic conjunctivitis 71 (34 13 (0.6) <0.001

Note: Patients without recorded comorbidity information at baseline are removed.
Abbreviation: GINA, Global Initiative for Asthma.

Comorbidities

Patients with asthma had a significantly higher prevalence of all comorbidities assessed compared with the non-asthmatic
group (Table 4). The most common comorbidity was atopic dermatitis, reported by 45.1%, 48.5%, and 47.8% of patients
with mild, moderate, and severe asthma, respectively. Allergic rhinitis was reported by 7.1%, 9.5%, and 13.3% of
patients with mild, moderate, and severe asthma, respectively. There were fewer than five deaths in each severity group;
therefore, there was insufficient statistical power to conduct a mortality analysis.

Discussion

In this UK retrospective primary care dataset, the prevalence of asthma was 6.5% in patients aged 6 to 11 years in the
UK. This is similar to the findings of the 2018 Health Survey for England, in which the self-reported prevalence of
current asthma was, respectively, 7% and 5% for those aged 4 to 6 years and 7 to 9 years.”’ Most prevalent patients
(60%) were male, consistent with data indicating that prepubescent boys have a higher asthma incidence than pre-
pubescent girls. >

A considerable proportion (10.8%) of patients from the dataset were classified as having severe disease. This appears
relatively high compared with previous reports from other regions (2% in a Swedish study and 5% in a Norwegian
study).>*** The majority of patients classified as having moderate or severe asthma were prescribed rescue medication
(94.9% and 96.0%, respectively), compared with SABA prescriptions for 69.2% of patients with mild asthma. The
severity of asthma was associated with a considerable increase in the proportion of patients reporting symptoms across all
categories (daytime, night-time, and impacting on usual activities). The odds of experiencing daytime and night-time
symptoms were 2.0 and 2.5 times higher in those with severe asthma compared with mild.

In the comparison of a priori selected comorbidities, there was a significant difference in rates of all comorbidities among
patients with asthma versus non-asthmatic control individuals, and this was observed for all severity categories. There was
little difference in the prevalence between severity classifications (eg, approximately 45-49% of all patients reported atopic
dermatitis), but the prevalence of allergic rhinitis appeared to be slightly higher in the severe group than in the mild and
moderate groups (13.3% versus 7.1% and 9.5%, respectively). However, severity of comorbidities was not assessed in this
study; therefore, we cannot determine any association between asthma severity and the severity of comorbidities. In general,
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there are currently limited data on the reporting of the prevalence of specific comorbidities of asthma in children in other
studies.”® A US study, in which information was provided by an adult proxy respondent, has reported allergies as the most
common category of comorbidity in children with current asthma, including hay fever/respiratory allergy (45%), eczema/skin
allergy (25%), and food/digestive allergy (15%).2® The most notable differences in comorbidities between children with
asthma versus those without asthma were also found within these categories in our analysis. A potential reason for this
difference in comorbidities may be the increased clinician contact due to the asthma diagnosis.*® It should further be noted that
atopic dermatitis was the most prevalent comorbidity, which stands in contrast to previous findings in which the most common
comorbidities for asthma were allergic rhinitis and rhinosinusitis.>’ 2’ A potential reason for this variability is the current lack
of standardisation of rhinitis diagnoses.*

A strength of this study is that the quality of CPRD data is monitored at a practice- and patient-level, depending on whether
the data are recorded within a prespecified expected range based on practice size and demographics. Patient data are classified
as eligible for inclusion in research only if the patient has a valid recorded code for sex and birth year. Patients are also required
to be permanently registered at the practice in order to be deemed research eligible.'” These criteria ensure that the data are
adequate for research purposes. It should be noted that this analysis used a substantially larger sample (n=19,330) compared
with previous studies (n=329 in the Swedish study and n=616 in the Norwegian study); this study also employed a different
methodology compared to these birth cohort studies and the 2018 Health Survey for England, which presents patient-reported
data.?'?*% Therefore, any comparisons to these previous studies should be made in the context of these differences and our
analysis addresses a high unmet need for large-scale epidemiological studies of asthma in children.

Limitations

The CPRD database collects data predominantly for the administration and financial reimbursement of the healthcare system;
therefore, data collection cannot be controlled as rigorously as in a prospective observational or interventional study. Within
the CPRD, only primary care prescriptions were available in the datasets. However, certain therapies (such as biologics) are
administered solely within the hospital setting. CPRD derives data from the National Healthcare System, which treats the vast
majority of the UK population. While the database was representative of the UK in terms of age and sex in 2017, just under
60% of the contributing practices in the database were based in Northern Ireland, Scotland, and Wales, whereas these nations
make up around 15% of the UK population. It should furthermore be noted that low response rates (~50%) for each item of the
RCP-3Qs for Asthma were observed, which potentially represents a selection bias. These findings may not be generalizable to
other countries and geographical regions, as disease severity may vary widely between countries, and this variation may be
obscured further by different definitions used to describe disease severity.”

Conclusion

This study, using 2017 CPRD data, confirmed that pediatric asthma is a relatively common morbidity in the UK. A high
proportion of patients with moderate (15.0%) and severe (10.8%) asthma was observed. Patients across all asthma
severity categories had significantly increased baseline prevalence of comorbidities compared with non-asthmatic control
individuals, suggesting a high clinical burden. The majority of patients with moderate or severe asthma were prescribed
rescue medication, indicating an unmet need in this population. To the best of the authors’ knowledge, this analysis
represents the largest assessment of childhood asthma in UK clinical practice and demonstrates that pediatric asthma
prevalence and clinical burden are slightly higher than previously estimated. These findings indicate a requirement for
improved clinical management of childhood asthma in the UK.

Abbreviations
CI, confidence intervals; CPRD, Clinical Practice Research Datalink; GINA, Global Initiative for Asthma; SABA, short-
acting f2-agonist; SCS, systemic corticosteroid.

Data Sharing Statement
This study is based in part on data from the CPRD obtained under license from the UK Medicines and Healthcare
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