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Background: Significant morbidity and mortality are associated with poor asthma control. The aim of this study was to determine
factors associated with poor control and referral to specialist secondary care services.

Methods: We used primary care data from the Clinical Practice Research Datalink Aurum (CPRD) linked with Hospital Episode
Statistics (HES) records from 1st January 2007 to 31st December 2019. We selected patients aged 6—17 years old. Poor control was
defined as six or more prescriptions of short-acting beta-agonist (SABA) inhalers, two or more courses of oral corticosteroids (OCS),
an Asthma Control test (ACT) or childhood ACT <20, one hospital admission for asthma, or one visit to Accident & Emergency
(A&E) department for asthma-related episodes in the 12 months following asthma diagnosis. Asthma severity was defined following
GINA guidelines 2021.

Results: About 17.6% of children aged between 6 and 17 years with active asthma had poor control. Severe asthma, eczema, food
allergies, increased BMI and living in deprived areas were identified as risk factors for poor control. Among those with poor control,
referral rates to specialist care were extremely low, only 2% overall. Those with severe asthma were three-times more likely to be
referred than those with mild-to-moderate asthma [HR 4. = 4.04 (95% CI, 3.35-4.87); HR,q; = 2.72 (95% CI: 2.13-3.49)]. Other
factors associated with referral were food allergy and living in a more deprived area.

Conclusion: Around 1 in 6 children and adolescents with active asthma are not achieving adequate control of their symptoms. Among
the subset of 6—17-year olds with poorly controlled asthma, timely referral for specialist advice in secondary care is rare, especially in
those with so-called mild asthma who nevertheless are at significant risk for poor asthma outcomes.
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Introduction
Asthma is the most common chronic disease in children worldwide. According to global rankings, asthma is in the top 10
causes of disability-adjusted life years (DALYs) lost in children aged 514 years.! In the UK, a child with asthma is admitted
to a hospital every 20 minutes, and children with asthma lose up to 2.8 million school days per year.>> Asthma management
aims to achieve and maintain overall asthma control by reducing the severity of symptoms and minimising the future risk of
adverse outcomes (including exacerbations), thus maintaining normal activity levels and good quality of life.*

Despite the availability of effective treatments, the prevalence of suboptimal or poor control among children
with asthma remains high. Reported estimates vary, but severe asthma and/or poorly controlled asthma is believed
to affect between 5% and 10% of the asthmatic paediatric population.” Patients with inadequately controlled

severe persistent asthma are at a particularly high risk of exacerbations, hospitalization and death, and often have
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severely impaired quality of life.>*® Uncontrolled asthma in early childhood has also been shown to be associated
with impaired lung function in adolescence and early adulthood, especially in females.” The 2014 National Review
of Asthma Deaths (NRAD) recommended referral for specialist review in people with asthma who have received
three or more courses of oral steroids (OCS), had two or more visits to accident and emergency (A&E), or have
been admitted to hospital due to asthma-related episodes.® However, there is concern that healthcare professionals
still have far higher thresholds for referral than those recommended in national guidelines or by the NRAD.’

The aims of this study were therefore two-fold. Firstly, we sought to identify risk factors for poor control in the UK
paediatric asthma population (6—17 years). Secondly, we aimed to better understand specialist referral rates among those
with asthma poor control and the factors that may be contributing to delayed referral.

Methods

Data Sources

This observational cohort study used routinely collected primary care data from GP practices using EMISWeb
software, data which are curated by the UK’s Clinical Practice Research Datalink (CPRD) service and made
available in pseudo-anonymized form to researchers as the CPRD Aurum database. As of October 2020, CPRD
Aurum comprised longitudinal health data, including information on symptoms, clinical diagnoses and prescrip-
tions, for nearly 12 million living patients or around 18% of the UK population. Aurum data have been shown to
be nationally representative with respect to age and sex.'® For patients registered at a subset of Aurum practices,
CPRD also provides socioeconomic data (Index of Multiple Deprivation (IMD)) and secondary care data covering
hospital admissions and A&E attendances (NHS Digital Hospital Episode Statistics (HES)). Linked patient-level
was available for approximately 75% of GP practices in England that contribute data to CPRD Aurum.

Study Design and Population
This study used a rolling entry cohort study design. The study population comprised children and adolescents, aged 6—17
years with current asthma who were registered with a HES-Aurum-linked GP practice for at least 6 months during our study
period (1st January 2007 to 31st December 2019). Children with a diagnosis of bronchiectasis, cystic fibrosis, primary ciliary
dyskinesia, chronic upper airway cough syndrome or bronchopulmonary dysplasia were excluded. Case finding was based on
a set of clinical diagnostic codes that have previously been validated for adults using the CPRD GOLD database against
a reference standard of physician review of patient notes and was found to have a high positive predictive value (PPV
>86%)."" The codelists used in this analysis are available via GitHub (https://github.com/NHLI-Respiratory-Epi/code lists).
Initially, two patient cohorts were defined (6—11 years and 12—17 years), mirroring the age-based GINA asthma

management recommendations. Children became eligible to enter the study on the date of their 6th (or 12th
birthday), 1 January 2007 or the start of registration with a participating GP practice, whichever came later. The
date of the first asthma record after study entry was defined as the “asthma date” (the assumption being that at this
point in time the patient had active asthma). The index date was defined as the asthma date plus 6 months,
generating a 6-month assessment period for the determination of baseline characteristics, including asthma
severity. Patient follow-up ended at the earliest on 11th (or 17th) birthday, death, end of GP registration, last
date of CPRD data collection, last date of HES data collection or 31st December 2019.

Subsequently, we combined the two age-based cohorts into a single cohort, retaining duplicated individuals, provided
that they met the inclusion criteria for a second time (ie, they still had active asthma after they had reached the age of 12
years). This study design maximised the use of the available data and disease severity to be determined using the age-
appropriate GINA treatment steps (defined separately for children aged 611 and 12-17 years).

Exposures, Outcomes and Covariates

Individuals were classified as having poorly controlled asthma if they fulfilled at least one of the following criteria: six or
more prescriptions of short acting beta agonist (SABA) inhalers, two or more short courses of OCS, an asthma control
test score (ACT) or childhood ACT (cACT) <20 one or more hospital admissions for asthma, or one or more visits to the
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A&E department for asthma-related episodes in the 12 months following their index date. These criteria were based on
a combination of current management guidelines and clinical consensus.

Information on ACT and cACT scores and medication history (SABAs, OCS and other medications used to treat
asthma in children) were extracted from primary care records. We restricted OCS prescriptions to those for prednisolone
or dexamethasone at doses recommended for the treatment of a mild asthma exacerbation in children and excluded
prescriptions given on the same day as an annual review. This was done to exclude prescription of rescue OCS to keep at
home. We used the HES admitted patient care (APC) and A&E datasets to determine hospital admissions/attendances due
to asthma; events which occurred within 14 days of each other were considered to be the same event.

A specialist referral was defined as a referral request for an outpatient hospital appointment at either a thoracic/
respiratory medicine clinic (code = 340) or a paediatric respiratory medicine clinic (code = 258) as recorded in the HES
Outpatient Activity dataset. We did not include outpatient referrals specific to allergies (317 = Allergy (from
1 April 2004)) or general paediatric referrals, and we restricted the analysis to referrals which occurred in the 12-
month period following the ascertainment of patients’ asthma control status. The latter decision was informed by clinical
expertise and management guidelines.

Baseline characteristics (and potential risk factors for poor control and specialist referral) included age, sex, socio-
economic status, body mass index (BMI) and selected atopic comorbidities — allergic rhinitis/hay fever, eczema and food
allergy. We also categorised subjects according to their asthma severity (mild versus severe) based on their medication
history. Socioeconomic status was defined using the Index of Multiple Deprivation (IMD) 2019 classification, which is
expressed in terms of quintiles and takes values 1-5, where a value of 1 corresponds to least deprived and 5 to most
deprived. All other variables were defined using information in primary care records. We used GP-recorded values of
BMI, but where these were not available within our predefined recording window (one year either side of the asthma
date), we calculated BMI from recorded values of weight and height. Individuals were assigned to BMI categories
(underweight, normal, overweight and obese) using WHO standard thresholds for children which are based on age and
gender. Study cohort members were considered to have an atopic comorbidity if they had at least one code indicative of
a diagnosis of allergic rhinitis/hay fever, eczema or food allergy at any time prior to their asthma diagnosis.

We used the GINA asthma report for 2020 to stratify patients by disease severity.'> Children and adolescents whose
prescription history during the 6-month baseline period suggested they were on GINA treatment steps 1-3 were
categorised as having mild-to-moderate asthma (baseline group), while those who were on GINA treatment steps 4 or
5 were considered to have severe asthma. Those patients who were only prescribed a SABA during the baseline period
were assigned to an additional category, “step 0” and included in the “mild-to-moderate” asthma group. Those who
were not prescribed any asthma medications during the 6-month baseline period were excluded from the analysis at
this point.

Statistical Analysis

Descriptive statistics were used to tabulate cohort demographics and clinical characteristics, comparing those whose
asthma was poorly controlled and those whose asthma was adequately controlled. We used univariable and multivariable
logistic regression models to investigate associations between demographic and clinical characteristics at baseline and
poor control. We added a cluster option (patid) to take account of the fact that some patients were included twice. We also
used an offset term to allow for a less than full 12 months of follow-up post-index date; this was defined as the natural
logarithm of the available number of days of follow-up time.

We used univariable and multivariable Cox proportional hazard models to explore the relationship between the same
set of demographic and clinical characteristics and time to specialist referral among children and adolescents with poor
asthma control. While the primary aim of this second piece of analyses was to determine whether time to referral was
associated with disease severity, our secondary objective was to better understand what other factors might be influencing
referral rates. As noted above, follow-up time was censored at 12 months. We tested to ensure models met the PH
assumptions. All analyses were carried out using STATA version 17 (Stata Corp., College Station, Texas, USA).
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Ethical Approval

The protocol for this research was approved by an external review committee for the Research Data Governance Group
(RDG) for the Medicines and Healthcare products Regulatory Agency (MHRA) Database Research (protocol number
21 000521) and the approved protocol was made available to the journal and reviewers during peer review. Generic
ethical approval for observational research using CPRD with approval from RDG was granted by a Health Research
Authority (HRA) Research Ethics Committee (East Midlands—Derby, REC reference number 05/MRE04/87). Linked
pseudonymized data were provided for this study by CPRD. Datasets were linked by National Health Service (NHS)
Digital, the statutory trusted third party for linking data, using identifiable data held only by NHS Digital. Select practices
consent to this process at a practice level, with individual patients having the right to opt-out.

Results

A total of 155,270 children and adolescents aged between 6 and 17 years with asthma were included in the study, of
whom 93,961 (60.6%) had received a diagnosis before the age of 12. Among this younger age group (6—11 years),
around a third (n = 29,720) continued to be coded as having ongoing asthma after the age of 12 years and were therefore
included twice, resulting in a total of 184,990 observations for analysis purposes. Around 40% of the study cohort (n =
63,309) had no evidence of an asthma diagnosis prior to their 12th birthday and were only included in the older age
group cohort. Demographic and clinical characteristics of the study cohort, separated into the two age cohorts, 6—11 and
12—17 years, are summarised in Table 1. As anticipated, boys and children in the most deprived quintile were over-
represented in the study population, and approximately a third of children for whom BMI data were available were

Table | Baseline Characteristics of the Study Population, by Age Cohort

Characteristic 6-11 Years 12-17 Years
All Subjects With Poor Without Poor All Subjects With Poor Without Poor
N (% of Total) Control Control N (% of Total) Control N Control

N (% of Total)

N (% of Total)

(% of Total)

N (% of Total)

Total

93,961 (100%)

14,817 (15.8%)

79,144 (84.2%)

91,029 (100%)

15,176 (16.7%)

75,853 (83.3%)

Age, years (median, IQR)

7 (6-9)

7 (7-9)

8 (7-9)

13 (12-14)

13 (13-14)

14 (13-15)

Male 57,362 (61.0%) 9418 (63.6%) 47,944 (60.6) 52,549 (57.7%) 8975 (59.1%) 43,574 (57.5%)
BMI (kg/m?)
Underweight 5692 (6.1%) 1029 (6.9%) 4663 (6.0%) 4933 (5.4%) 873 (5.7%) 4060 (5.3%)

Healthy weight

35,242 (37.5%)

5894 (39.8%)

29,348 (37.1%)

33,412 (36.7%)

5731 (37.8%)

27,681 (36.5%)

Overweight 9281 (9.9%) 1660 (11.2%) 7621 (9.6%) 12,532 (13.8%) 2444 (16.1%) 1088 (13.3%)
Obese 5026 (5.4%) 982 (6.6%) 4044 (5.1%) 5684 (6.2%) 1192 (7.9%) 4492 (5.9%)
Missing 38,720 (41.2%) 5252 (35.5%) 3468 (42.3%) | 34,468 (37.9%) 4936 (32.5%) 29,532 (38.9%)

Socioeconomic status (IMD quintile)

| (least deprived)

19,208 (20.4%)

2361 (15.9%)

16,847 (21.3%)

19,010 (20.9%)

2527 (16.7%)

16,483 (21.7%)

2 17,118 (18.2%) 2356 (16.0%) 14,762 (18.7%) 16,827 (18.5%) 2639 (17.4%) 14,188 (18.7%)
3 16,715 (17.8%) 2533 (17.1%) 14,182 (17.9%) 16,554 (18.2%) 2712 (17.9%) 13,842 (18.4%)
4 18,675 (19.9%) 3251 (21.9%) 15,424 (19.5%) 18,056 (19.8%) 3207 (21.1%) 14,849 (19.6%)

5 (most deprived)

22,183 (23.6%)

4299 (29.0%)

17,884 (22.6%)

20,503 (22.5%)

4085 (26.9%)

16,418 (21.6%)

Missing 62 (0.07%) 17 0.11%) 45 (0.06%) 79 (0.09%) 6 (0.04%) 73 (0.10%)
(Continued)
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Table | (Continued).

Characteristic

6-11 Years 12-17 Years
All Subjects With Poor Without Poor All Subjects With Poor Without Poor
N (% of Total) Control Control N (% of Total) Control N Control

N (% of Total)

N (% of Total)

(% of Total)

N (% of Total)

Asthma treatment (GINA step)

GINA step 0-3

91,891 (97.8%)

13,954 (94.2%)

77,937 (98.5%)

85,632 (94.1%)

13,034 (85.9%)

72,598 (95.7%)

GINA step 4+5

2070 (2.2%)

863 (5.8%)

1207 (1.5%)

5397 (5.9%)

2142 (14.1%)

3255 (4.3%)

Comorbidities

Allergic rhinitis/hay fever

16,587 (17.7%)

2896 (19.6%)

13,691 (17.3%)

27,001 (29.7%)

4970 (32.8%)

22,031 (29.0%)

Eczema

49,463 (52.6%)

8724 (58.9%)

40,739 (51.5%)

45,725 (50.2%)

8549 (56.3%)

37,176 (49.0%)

Food allergy

6161 (6.6%)

1355 (9.1%)

4806 (6.1%)

5279 (5.8%)

1248 (8.2%)

4031 (5.3%)

Notes: Percentage of the total number of children with and without poor control (ie, row percentages). The remaining percentages are column percentages.
Abbreviations: IQR, interquartile range; GINA, Global Initiative for Asthma.

overweight or obese. We also observed an increase in the proportion of children with severe asthma with age; 6% of 12—
17-year-olds were allocated to GINA steps 4 or 5 compared with only 2% of 6—11-year-olds.

Poor Control

Overall, 17.6% (n = 27,396) of the study cohort had evidence of suboptimal asthma control. The prevalence of poor
control was higher in boys than in girls (18.3% vs 16.7%); poor control was also more common in those allocated to
GINA steps 4-5 (40.9%) than in those who were allocated to GINA steps 0-3 (16.6%).

We also observed a higher prevalence of poorly controlled asthma among children and adolescents who were either
overweight or obese and among those in the highest IMD quintile (most deprived); this pattern was apparent in both age
cohorts (Table 1). Analysis of descriptive statistics suggested that the presence of atopic comorbidities (eczema and
allergic rhinitis) were also linked to a higher prevalence of poor control in our study population.

The results of our univariable regression analysis (Table 2) confirmed that male gender, living in a more deprived
area, underweight or overweight/obese, greater disease severity (on GINA treatment step 4 or 5) and atopic comorbidities
were all potential risk factors for poor control. Among the factors considered, severe asthma exhibited the strongest
association with poor control; children and adolescents who were on GINA treatment step 4 or 5 were almost four times
more likely to have poor controlled asthma compared with those who had mild-to-moderate asthma (OR,g.= 3.94; 95%
CI, 3.75-4.14) (Table 2). Adjustment for other risk factors resulted in only a small attenuation of the association between
asthma disease severity and risk of poor control (OR,4= 3.79; 95% CI, 3.57-4.03). This apparent association is highly
likely to be a result of reverse causality. It is more clinically plausible that patients with poorly controlled asthma are on
GINA steps 4 and 5 and not the other way round. Other risk factors, including male gender, high or low BMI, low SES
and atopy (in particular food allergy) all remained significant after adjustment (Table 2).

Referral to Specialist Care

Among the subset of 24,834 unique individuals who were identified as having suboptimal asthma control, only 523 or
2.1% were offered a referral to a pulmonary specialist within a 12-month window. Specialist 12-month referral rates were
higher in children and adolescents with severe asthma; 6.2% (n = 158 out of 2534) of 6—17-year-olds with poor control
and on GINA treatment steps 4 or 5 were referred to a respiratory specialist compared with only 1.6% (n = 365 out of
22,675) of those with poor control but considered to have mild-to-moderate asthma (GINA steps 0-3). However, in

absolute terms, more children with mild-to-moderate asthma were referred than children with severe asthma.
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Table 2 Odds Ratios for Selected Risk Factors for Poor Control in a Paediatric Asthma Population (Aged 6—

17 Years)

Risk Factor Unadjusted OR | 95% Cl | p-value | Adjusted OR | 95% ClI | p-value
Gender

Male (baseline) 0.00 - - 0.00 - -

Female 0.92 0.90-0.95 | <0.001 0.94 0.91-0.97 | < 0.00I
Age (years) 0.98 0.98-0.99 | <0.001 0.97 0.97-0.98 | < 0.00I
BMI

Healthy weight 0.00 - - 0.00 - -

Underweight 1.07 1.01-1.13 0.016 1.06 1.0I-1.13 0.026

Overweight 1.15 I.11-1.20 | <0.001 1.13 1.08—1.18 | <0.001

Obese 1.27 1.20-1.33 | <0.001 1.19 I.13-1.26 | <0.001
IMD quintile

| (baseline) 0.00 - 0.00 -

2 1.18 1.13-1.23 1.19 I.12-1.25

3 1.29 1.23-1.34 1.31 1.24-1.38

4 1.48 1.42-1.54 1.49 |.42-1.57

5 (most deprived) 1.70 1.63—-1.77 | <0.001 1.73 1.65-1.82 | <0.001
GINA steps

1-3 (baseline) 0.00 - 0.00 -

4+5 3.94 3.754.14 | <0.00l 3.79 3.574.03 | <0.00l
Food allergy

No (baseline) 0.00 - 0.00 -

Yes 1.59 1.51-1.67 | <0.00l 1.41 1.33-1.50 | <0.001
Eczema

No (baseline) 0.00 - 0.00 -

Yes 1.33 1.30-1.37 | <0.001 1.26 1.22-1.30 | <0.001
Allergic rhinitis

No (baseline) 0.00 - 0.00 -

Yes 1.18 1.15-1.22 | <0.001 1.13 1.09-1.17 | <0.001

Notes: Adjusted for age, gender, BMI and deprivation quintile, GINA step and atopic comorbidities (eczema, food allergy, allergic rhinitis).
Adjusted ORs are based on a complete case analysis (n= | 11,725 observations and 98,497 unique individuals). Age (at index date) was
modelled as a continuous variable. BMI: body mass index. IMD: index of multiple deprivation. GINA: Global Initiative for Asthma. GINA
baseline category includes children and adolescents on SABAs only.

Abbreviations: OR, odds ratio; Cl, confidence interval.

Key characteristics of children and adolescents with poorly controlled asthma, disaggregated by age cohort and
referral status, are summarised in Table 3. While boys were overrepresented in the subset of children and adolescents
with poor control, among those who are referred the gender balance is more equal suggesting that girls are more likely to
be referred for specialist care than boys, especially in the older age cohort. In both age cohorts, greater severity and
asthma and atopy were more prevalent among those with a referral than those who were not. In terms of our poor control
criteria, around 60% of 6—11-year-olds had been prescribed six or more SABA prescriptions; this proportion rises to
around 70% in the older age group. Nearly half of 6—11-year-olds (46%) were hospitalised for asthma exacerbation on at
least one occasion in the 12-month period prior to their referral, while 15% had attended A&E prior to being offered
a referral. These proportions were similar in the older cohort (Table 3).

Among individuals with poor control, 12-month referral was strongly associated with disease severity even after
adjustment for potential confounders [HR¢;yqe = 4.04 (95% CIL, 3.35-4.87); HR,q = 2.72 (95% CI: 2.13-3.49)] (Table 4).
Univariable Cox models identified younger age, female gender, living in a more deprived area and concomitant presence
of food allergy as possible factors which increased the likelihood of being offered specialist referral. However, after
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Table 3 Characteristics of Children and Adolescents with Poorly Controlled Asthma, by 12-Month Referral Status, by Age Cohort

(6—11 and 12-17 Years)

Characteristic

6-11 Years

12-17 Years

All
N (% of Total)

Referral
N (% of Total)

Non-Referral
N (% of Total)

All
N (% of Total)

Referral
N (% of Total)

Non-Referral
N (% of Total)

Total 13,222 (100%) 292 (2.2%) 12,930 | 13,789 (100%) 238 (1.7%) 13,551
Age, years (median, IQR) 7 (7-8) 7 (7-8) 7 (7-8) 13 (13-14) 13 (13-14) 13 (13-14)
Male 8415 (63.6%) 181 (62.0%) 8234 (63.7%) 8218 (59.6%) 119 (50.0%) 8099 (57.5%)
BMI (kg/m?)
Underweight 913 (6.9%) 17 (5.8%) 896 (6.9%) 773 (5.6%) 16 (6.7%) 757 (5.6%)
Healthy weight 5260 (39.8%) 120 (41.1%) 5140 (39.8%) 5207 (37.8%) 102 (42.9%) 5105 (37.7%)
Overweight 1460 (11.0%) 36 (12.3%) 1424 (11.0%) 2219 (16.1%) 36 (15.1%) 2219 (16.4%)
Obese 874 (6.6%) 17 (5.8%) 857 (6.5%) 1084 (7.9%) 17 (7.1%) 1067 (7.9%)
Missing 4715 (35.7%) 102 (34.9%) 4613 (35.7%) 4406 (32.7%) 102 (28.2%) 4439 (32.8%)

Socioeconomic status (IMD qui

ntile)

| (least deprived) 2132 (16.1%) 34 (11.6%) 2098 (16.2%) 2303 (16.7%) 31 (13.0%) 2272 (16.8%)
2 2106 (15.9%) 39 (13.4%) 2067 (16.0%) 2397 (17.4%) 47 (19.8%) 2350 (17.4%)
3 2244 (17.0%) 50 (17.1%) 2194 (17.0%) 2466 (17.9%) 31 (13.0%) 2435 (18.0%)
4 2895 (21.9%) 80 (27.4%) 2815 (21.8%) 2925 (21.2%) 53 (22.3%) 2872 (21.2%)
5 3832 (29.0%) 89 (30.5%) 3743 (29.0%) 3692 (26.8%) 76 (31.9%) 3616 (26.7%)
Missing 13 (<0.01%) 0 (0) 13 (<0.01%) 6 (<0.01%) 0 (0) 6 (<0.01%)

Disease severity

GINA step 0-3 12,472 (94.3%) 238 (81.5%) 12,234 (94.6%) 11,858 (86.0%) 129 (54.2%) 11,729 (86.6%)

GINA step 4+5 750 (5.7%) 54 (18.5%) 696 (5.4%) 1822 (13.5%) 109 (45.8%) 1931 (14.0%)
Comorbidities

Allergic rhinitis/hay fever 2487 (19.2%) 64 (21.9%) 2551 (19.3%) 4523 (32.8%) 88 (37.0%) 4435 (32.7%)

Eczema 2551 (19.3%) 107 (36.6%) 2487 (19.2%) 7820 (56.7%) 146 (61.3%) 7674 (56.6%)

Food allergy 1208 (9.1%) 41 (14.4%) 1167 (9.0%) 1113 (8.1%) 33 (13.9%) 1080 (8.0%)
Components of poor control

= 6 SABA inhalers 7824 (59.2%) 179 (61.3%) 7645 (59.1%) 9875 (71.6%) 179 (75.2%) 9696 (71.6%)

> 2 OCS courses 2562 (19.1%) 89 (30.5%) 2473 (19.4%) 1533 (11.1%) 75 (31.5%) 1458 (10.8%)
¢ACT or ACT<20 590 (4.6%) 7 (2.4%) 597 (4.5%) 632 (4.6%) 10 (4.2%) 622 (4.6%)
> | hospital admission 3932 (30.4%) 135 (46.2%) 4067 (30.8%) 3453 (25.1%) 105 (44.1%) 3351 (24.7%)
> | A&E visit 1187 (9.2%) 46 (15.8%) 1233 (9.3%) 697 (5.1%) 36 (15.1%) 661 (4.9%)

Notes: Percentage of the total number of children who were referred (ie row percentages). The remaining percentages are column percentages. GINA baseline category
(0-3) includes children and adolescents on SABAs only.
Abbreviations: SABA, short-acting beta agonists; OCS, oral corticosteroid; cACT, children’s asthma control test; IQR, interquartile range; BMI, body mass index; IMD,
Index of Multiple Deprivation; GINA, Global Initiative for Asthma.
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adjustment, only younger age, high level of deprivation and food allergy were found to be significantly associated with an
increased hazard for 12-month referral (Table 4). Among the defining criteria for poor control, hospitalisation for asthma
was the strongest predictor of a referral, after adjustment [HR g = 2.51 (95% CI, 1.97-3.19)].

Table 4 Factors Associated with Referral to a Respiratory Specialist Among Children and Adolescents
with Poorly Controlled Asthma (6—17 Years)

Risk Factor Unadjusted HR 95% ClI p-value | Adjusted HR 95% CI p value
Disease severity
GINA steps

1-3 (baseline) 0.00 - 0.00 -

4+5 4.04 3.35-4.87 | <0.00l 2.72 2.13-3.49 | <0.00I
Gender

Male (baseline) 0.00 - - 0.00 - -

Female 1.25 1.05-1.48 0.012 1.17 0.95-1.44 0.141
Age (years) 0.95 0.92-0.98 | <0.00I 0.95 0.91-0.98 0.006
BMI

Healthy weight 0.00 - - 0.00 - -

Underweight 0.91 0.63-1.31 0.618 0.93 0.65-1.35 0.718

Overweight 0.93 0.71-1.21 0.570 0.92 0.70-1.20 0.527

Obese 0.82 0.57-1.17 0.278 0.79 0.55-1.13 0.188
IMD quintile

| (baseline) 0.00 - 0.00 -

2 1.30 0.94-1.79 0.114 1.24 0.82-1.85

3 1.18 0.85-1.64 0314 1.25 0.84-1.87

4 1.56 1.16-2.11 0.003 1.45 1.00-2.11

5 (most deprived) 1.52 1.14-2.02 0.005 1.57 1.10-2.24 0.031
Food allergy

No (baseline) 0.00 - 0.00 -

Yes 1.72 1.34-2.20 | < 0.001 1.42 1.01-1.94 0.026
Eczema

No (baseline) 0.00 - 0.00 -

Yes 1.18 0.99-1.41 0.063 1.05 0.84-1.33 0.656
Allergic rhinitis

No (baseline) 0.00 - 0.00 -

Yes 1.13 0.94-1.37 0.195 1.25 1.00-1.57 0.051
2 6 SABA inhalers 1.08 0.90-1.30 0.397 1.84 1.42-2.37 | < 0.001
2 2 OCS courses 248 2.06-2.98 | <0.001 2.18 1.70-2.79 | < 0.001
cACT or ACT<20 0.72 0.44-1.17 0.183 1.52 0.90-2.56 0.118
2 | hospital admission 2.16 1.82-2.56 | < 0.00I 251 1.97-3.19 | <0.001
2 | A&E visit 2.45 1.93-3.11 | <0.00I 1.77 1.30-1.41 | <0.00l

Notes: Adjusted for age, gender, BMI and deprivation quintile, GINA treatment step, atopic comorbidities (eczema, food allergy, allergic
rhinitis) and the individual poor control criteria, using a complete case analysis (humber of observations = 17,779). This category includes
children and adolescents on SABAs only. Age (at index date) was modelled as a continuous variable.

Abbreviations: GINA, Global Initiative for Asthma; BMI, body mass index; IMD, Index of Multiple Deprivation; SABA, short-acting beta
agonists; OCS, oral corticosteroid; cACT, children’s asthma control test.
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Discussion

This analysis found that around 1 in 6 children and adolescents with active asthma are not achieving adequate control of
their symptoms. Poor control was strongly associated with disease severity; those with more severe disease (ie, on GINA
treatment steps 4 or 5), were nearly four times more likely to have poorly controlled asthma than those with mild-to-
moderate asthma. Several studies have demonstrated that inadequate asthma control in the paediatric asthma patient
population is associated with a substantially increased risk of poor outcomes. For example, the TENOR study demon-
strated that children who have sustained poor control and severe asthma have a six times greater risk of being admitted to
hospital for asthma-related episodes, or visiting A&E departments, than children with improved symptom control.'?
Multiple studies have found an association between high numbers of SABA prescriptions and increased risk of
exacerbations and asthma-related deaths.'*'> Another study identified that 50% of high school children in London
have suboptimal asthma control as measured by the ACT score.'® Modifiable factors were found in more than 60% of
children and young people (from 196 young people studied) that died due to asthma-related adverse episodes.'’'®

Our study also revealed that among children and adolescents meeting our criteria for poor control, referral rates to
specialist care were extremely low. Overall, only 2% were offered prompt referral for specialist treatment. While this
proportion rose to 6.2% in children and adolescents with severe asthma — a four-fold increase relative to those with mild-
to-moderate asthma (1.6%) — this suggests that there is considerable room for improvement in the management of asthma
in this high-risk population.

In terms of potential risk factors for poor control, we found that, in addition to more severe disease, male gender,
higher BMI, having an atopic condition (allergic rhinitis’hay fever, eczema or food allergies) and living in a more
deprived area were associated with inadequate asthma control. In this respect, our findings are in keeping with other
published research on this topic.'” Several studies conducted in children and adolescents have identified obesity as risk
factor for not just poor symptom control but also an increased risk of developing asthma, worse outcomes and diminished
quality of life. It is conceivable that some children who are more deprived also have increased BMI and are likely to
engage less in outdoor leisure activities, partly due to associated costs. Findings from a systematic review suggest that
weight loss of as little as 10% can improve asthma-related poor outcomes.*’

Our finding of low referral rates to specialist care is also not unexpected and speaks to a continued unmet need for
timely referral for those patients who are not achieving adequate control of their asthma. The UNTWIST study, which
used data from 2007 to 2015, found that among patients eligible for referral to a respiratory specialist, only 4% received
a specialist referral; moreover, referrals were often subject to long delays (median referral time, 880 days).?! This study
found evidence that several established risk factors for poor control were also associated with referral times, most
notably, the presence of atopic comorbidities. Having a food allergy in particular increased the odds of having poorly
controlled asthma and increased the likelihood of a referral to a specialist. We also found some evidence to suggest that
hospitalisation for asthma was strongly associated with a referral. Conversely, in this study, the absence of an atopic
condition, older age and living in a more affluent area were associated with non-referral.

Our study has several strengths; the use of routinely collected data that are generalisable and validated case finding
definitions. However, asthma diagnosis misclassification may have occurred. We also have not evaluated adherence to
treatment in our study. High SABA use was evident in a high proportion of the cohort, and this could reflect poor
adherence to therapy in part of the population. One of the criteria for defining poor control used in our cohort was cACT
or ACT scores with values lower than 20. Asthma control questionnaires usually focus on the most accurate recall period
(gathers symptom information from the previous four weeks). Therefore, we do not overestimate the possible effect that
more available information on cACT data records would have had on the results of our study. However, these data were
not available in everyone with asthma. Our defining criteria for referral to a respiratory specialist could be another
limitation of our study as we did not include codes for general paediatric referral. We did not use other eligibility criteria
suggested by GINA guidelines, such as diagnostic uncertainty or the presence of other complications.'* Thus, we might

have underestimated the paediatric asthma frequency within primary care records.

Journal of Asthma and Allergy 2023:16 hetps: 1073

Dove:


https://www.dovepress.com
https://www.dovepress.com

Kallis et al Dove

Conclusion

We have shown that among the UK paediatric asthma population, a high proportion of children and young people
continue to have poor symptom control, especially in the more severe asthma group and that among patients who are at
risk for poor asthma outcomes, the referral rates to specialist care are still meagre. We have also shown that among
patients with poor control, 12-month referral was associated with disease severity, being female, younger age, high level
of deprivation and food allergy. This group of patients with these risk factors represents the at-risk paediatric population
for whom specialist assessment can help to identify potentially modifiable factors leading to improved control and
characterise those who might be eligible for novel biological therapies.

Data Sharing Statement

This study used existing data from the UK CPRD electronic health record database, this data resource is accessible only
to researchers with protocols approved by the CPRD’s independent scientific advisory committee; therefore, no addi-
tional unpublished data are available. All data management and analysis computer code are available on request from the
corresponding author.

Linked pseudonymised mortality data from the Office for National Statistics (ONS), socioeconomic data from the
Index of Multiple Deprivation (IMD), and secondary care data from Hospital Episode Statistics (HES) were provided for
this study by CPRD for patients in England. Data is linked by NHS Digital, the statutory trusted third party for linking
data, using identifiable data held only by NHS Digital. Select general practices consent to this process at a practice level,
with individual patients having the right to opt-out. Use of HES and ONS data is Copyright © (2018), re-used with the
permission of The Health & Social Care Information Centre, all rights reserved.

Data are available on request from the CPRD. Their provision requires the purchase of a license, and this license does
not permit the authors to make them publicly available to all. This work used data from the version collected in
October 2020 and have clearly specified the data selected in the Methods section. To allow identical data to be obtained
by others, via the purchase of a license, the code lists have been provided on GitHub. Licenses are available from the
CPRD (http://www.cprd.com): The Clinical Practice Research Datalink Group, The Medicines and Healthcare products
Regulatory Agency, 10 South Colonnade, Canary Wharf, London E14 4PU.
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