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Abstract
Background
Asthma trials and guidelines often do not distinguish between adolescents and younger children. Using a large English dataset, we evaluated the impact of age on asthma characteristics, management and exacerbations. 
Methods
Primary-care medical records, 2004-2021, linked to hospital records. Children were categorised by age at diagnosis and followed until the next age bracket. Ages (based on management guidelines) were 5-8 years, 9-11 years and adolescents (12-16 years). Characteristics evaluated included body mass index, allergies and events before and after diagnosis (symptoms, medication). Exacerbation incidence was calculated. Cox proportional hazards determined associations with exacerbations.
Results
119,611 children were eligible: 61,940 (51.8%) 5-8 years, 32,316 (27.7%) 9-11 years, and 25,355 (21.2%) adolescents. Several characteristics differed by age; 5-8 years had the highest proportion with eczema, food/drug allergy and cough, but adolescents had the highest proportion with overweight/obesity, aeroallergen sensitisation, dyspnoea and short-acting-beta-agonist (SABA)-only use. Exacerbation rates were highest in the youngest children (per 100 person-years (95%CI): 5-8 years=13.7 (13.4-13.9), 9-11 years=10.0 (9.8-10.4), adolescents=6.7 (6.5-7.0)). Exacerbation risk factors also differed by age; 5-8 years: male, eczema and food/drug allergy were strongly associated, but for children ≥9 years old, obesity and aeroallergen sensitisation were strongly associated. For all children, higher deprivation was a significant risk factor. Delayed diagnosis was most common between 5-8 years and associated with increased exacerbations across all ages.
Conclusion
Diagnosis, and management immediately after diagnosis, are suboptimal. Aspects that need improving differ by age, including, timely diagnosis, weight-management and SABA reliance, as well as deprivation, which was not age-discriminate.

Introduction
School-age asthma is common, with a prevalence of around 7% in the UK(1).  Some studies have reported differences in patient characteristics and comorbidities depending on the age of asthma onset(2-5). However, these studies have focused either solely on children compared to adults, or ‘early-onset’ as compared to ‘late-onset’ asthma(3-6). The effect of age at diagnosis within the broad range included in school-age (usually 5-16 years) has not been assessed. The age of onset (childhood or adult) influences the natural history and disease progression of asthma(2, 5) and may also influence outcomes within the childhood period. Critically, there is a huge period of growth and development within this window which is likely to impact both pathophysiology and psychosocial factors determining asthma management.  Although most children have mild-moderate disease, many suffer from asthma exacerbations requiring oral corticosteroids and/or hospital admissions(1). Real-life data on the incidence rate and risk factors for asthma exacerbations among children stratified by age is limited(4, 7), although key risk factors such as atopy and obesity have been proposed to play different roles depending on the child’s age(8). We therefore hypothesised that age during childhood influences asthma characteristics at diagnosis, subsequent asthma management, and exacerbation risk and risk factors. To address this hypothesis, we used a large nationally representative cohort of children with asthma.


Methods
Data source 
[bookmark: _Hlk122872256]The cohort was selected using primary care electronic healthcare records which were obtained from the Clinical Practice Research Datalink (CPRD). CPRD is the largest longitudinal healthcare database worldwide; it is broadly representative of the U.K. population and includes over 19 million patients (9). Hospital admissions and accident and emergency (A&E) visits to English hospitals were obtained from Hospital Episode Statistics (HES) data, mortality data was obtained from Office for National Statistics (ONS) death registration data (9). 
Study population and study design
The study population included patients identified between January 2004 and January 2021. Children were eligible to enter the study if they were aged five years or older, had continuous registration in a CPRD-linked GP practice and had two validated asthma codes within two years and at least one year of data prior to study entry, and at least one year of data after diagnosis (figure 1 and table E1)(10). Follow-up was censored at the first date of reaching the end of their assigned age bracket, the end of the study (1/1/2022) or the end of their data collection. Asthma diagnosis date was defined as the first recorded asthma code within their GP practice. The cohort was categorized into age groups based on UK asthma management guidelines(11) which include children (5-12 years), which we further arbitrarily divided into: 5-8.9 years and 9-11.9 years, and adolescents, defined as 12-15.9 years old.
Characteristic variables
Body mass index (BMI) was categorised using percentiles and z score as 'normal weight,' 'overweight', and 'obese'; z scores were derived using 1990 U.K. data and converted according to WHO cut-offs(12). Index of multiple deprivation (IMD) provides a relative score of deprivation and was divided into quintiles, with level 5 considered as the most deprived area (13). Smoking status was considered for the 12-15.9 years old and categorised as 'smoker' or 'never smoker'; passive smoke exposure was considered for all children (tables E2 and E3). Three atopy variables were included: ‘aeroallergen sensitisation’, defined as receiving a code for allergic rhinitis, or allergy to pets, pollen or house dust mites (although information on how that diagnosis was obtained was not available); ‘food/drug allergy’, defined as receiving a code for allergy to food or drugs; or ‘eczema’ (table E4). Reported respiratory symptoms were measured in the year prior to diagnosis, including cough, wheeze/chest tightness or dyspnoea.
An asthma exacerbation was defined as GP-managed (short course of oral corticosteroids (OCS)) or hospital-managed (A&E visit or hospital admission for asthma, using ICD-10 codes J45 and J46; A&E data was only available from 2015 onwards)(4). Exacerbations were categorised as either ‘at the time of diagnosis’, arising 30 days before or on the day of diagnosis, or as ‘post-diagnosis exacerbation’, arising any time after asthma diagnosis. 
[bookmark: _Int_JacgvbHp]Asthma medications included short-acting beta-agonist (SABA), inhaled corticosteroids (ICS) and add-on medications: long-acting beta-agonist (LABA) or leukotriene receptor antagonist (LTRA). The dose of each ICS-containing inhaler was classified, using budesonide equivalence, as very low (≤200 μg/day), low (200-400μg /day), medium (>400-800μg /day) or high (>800μg /day). Courses of oral corticosteroids were also recorded for the year before receiving a formal asthma diagnosis by the child’s GP practice.
[bookmark: _Toc106617879]Statistical Analyses 
Baseline data were presented as percentages, or medians and interquartile range. For ease of clinical interpretation, post-diagnosis asthma medications were described as percentages within a fixed two-year follow-up, therefore only children with at least two years of follow-up were included in that analysis. Asthma exacerbations were described using incidence rates and displayed using Kaplan-Meier graphs for time to first exacerbation. The association between the first asthma exacerbation and patient characteristics and prior management was estimated using multivariable Cox proportional hazards models and complete case analysis. Proportional hazards assumption were not violated, as confirmed by plotting the Schoenfeld residuals. Two models were conducted, in Model 1, only baseline characteristics were included: gender, age at diagnosis, IMD, BMI, smoking, aeroallergen sensitisation, food/drug allergy and eczema. In Model 2, additional pre-diagnosis covariates were added: symptoms, ICS prescriptions, OCS prescriptions and exacerbations at the time of diagnosis. All analyses were conducted in Stata version 17 (StataCorp L.P., College Station, TX, USA).

Ethics
The protocol for this research was approved by the Independent Scientific Advisory Committee for MHRA Database Research (protocol number 20_053). Data management was provided by the Big Data and Analytical Unit (BDAU) at the Institute of Global Health Innovation (IGHI).


Results
Patient characteristics at the time of diagnosis
The total number of children included in the study was 119,611. Of these 61,940 (51.8%) received an asthma diagnosis between ages 5-8.9 years, 32,316 (27.7%) between ages 9-11.9 years, and 25,355 (21.2%) during adolescence (12-15.9 years). The youngest had the lowest proportion of females (41.8%) and the adolescents had the highest proportion (54.7%) (table 1). The percentage of children with aeroallergen sensitisation increased with age, 14.0% in the 5-8.9 group, to 21.4% of adolescents. Whereas the proportion of children with eczema was highest in the youngest group and decreased with age, 37.3% in the 5-8.9 group to 33.0% of adolescents. The proportion that was overweight/obese increased with age, approximately one in five adolescents as compared to one in ten of the youngest children (5-8.9 years), however, nearly 40% of the whole cohort did not have a recorded BMI. Regarding social deprivation, the largest proportion, 24.0%, fell within the most deprived quintile across all ages. Ten percent of adolescents reported smoking but a surprisingly low proportion, under 3%, had recorded passive smoking in all age categories.
4.4% of the whole cohort received their asthma diagnosis at the time of, or straight after, being treated for an exacerbation; the highest proportion were in the youngest group (approximately 6% in the 5-8.9 group, 4% in the 9-11.9 group and 3% of adolescents; table 1). 
Respiratory symptoms in the year before diagnosis
Cough was the most common symptom and was most prevalent in the youngest children (5-8.9 group: 39.9%, 9-11.9 group: 31.9%, adolescents: 26.5%; table 1). Wheeze/chest tightness was also most common in the younger children (5-8.9 group: 13.9%, 9-11.9 group: 11.0%, adolescents: 9.5%). Adolescents were more likely to attend the GP with dyspnoea than were younger children (5-8.9 group: 4.8%, 9-11.9 group: 8.5%, adolescents: 11.6%). 
OCS and unscheduled hospital visits pre-diagnosis
Children in the 5-8.9 years group were most likely to be prescribed OCS (5-8.9 group: 6.9%, 9-11.9 group: 4.2%, adolescents: 3.0%) or have an unscheduled hospital visit coded for ‘asthma’ (5-8.9 group: 1.8%, 9-11.9 group: 0.8%, adolescents: 1.2%) in the year before receiving an asthma diagnosis within their GP practice (table 1).
Asthma medication in the first two years after diagnosis
Over 95% of all children received at least one asthma medication during the first 2-years after their recorded diagnosis (figure 2 & table E5). The youngest group was most likely to receive an ICS inhaler but nearly a quarter of adolescents were not prescribed ICS ever during the first 2-years (table E6). Adolescents were also most likely to be prescribed SABA only for the duration of the first 2-years (5-8.9 group: 12.7%, 9-11.9 group: 18.1%, adolescents: 19.8%); 42% of adolescents managed with SABA alone received ≥3 SABA and 17% ≥5 SABA. Of those prescribed ICS, most received very low or low dose ICS, although up to one in six adolescents received medium dose ICS (5-8.9 group: 4.0%, 9-11.9: 7.7%, adolescents: 16.3%; figure 2 & table E5).  Of those children that had an exacerbation post-diagnosis, 21% were not prescribed an ICS before or including ≤1 month after the exacerbation.
Exacerbation incidence
The youngest age group, 5-8.9 years, were the most likely to exacerbate (figure 3). The incidence rate fell with increasing age (5-8.9 group = 13.7 per 100 person-years (95% CI 13.4-13.9, p<0.001), 9-11.9 group = 10.0 per 100 person-years (95% CI 9.78-10.4, p<0.001), adolescents = 6.7 per 100 person-years (95% CI 6.5-7, p<0.001; table E7)).
Exacerbation risk factors
In Model 1 (including characteristics and demographics), in the 5-8.9 group, factors significantly associated with exacerbations were being male, having eczema and food/drug allergy; in the 9-11.9 group, the factors were being male, obese, and having aeroallergen sensitisation and eczema; in adolescents, the factors were being overweight, obese, and having aeroallergen sensitisation (figure 4, table E8-9). In all age groups, lower socioeconomic status significantly increased the risk of an exacerbation.
In Model 2 (additionally including events in the year pre-diagnosis), across all ages there was a strong association between exacerbations and receiving asthma treatment pre-diagnosis (multiple ICS prescriptions and a single OCS prescription) and unscheduled hospital visits for asthma (figure 5 and table E10-11). Reporting of dyspnoea was associated with an increased risk of exacerbations in the youngest age group but reduced the risk in those 9 years old and above. 

Discussion
We have found that age influences children’s characteristics at the time of their diagnosis, their subsequent management, exacerbation rates and exacerbation risk factors. Younger children, 5-8 years, were at the highest risk of having an exacerbation and of receiving a delayed asthma diagnosis. Whereas one in five adolescents were only prescribed a reliever (SABA), with no preventer medication (ICS or LTRA), in the two-years following their diagnosis. Our study has shown diagnosis, and management after diagnosis, are often suboptimal. There are many areas that need improving and these differ according to the age of the children. Healthcare professionals should focus on certain areas for particular age groups, including, timely diagnosis, weight-management and over-use of SABA, as well as deprivation, which was not age-discriminate.
As expected, there was a slightly higher proportion of boys in children under 12 years old, but this relationship reversed in the adolescent. Concerningly, one third of adolescents with a recorded BMI were categorised as overweight or obese, similar to national statistics for all adolescents. Yet, almost more worrying, 40% of children did not have a single recorded BMI, although obesity is a potentially modifiable risk factor associated with both exacerbations and asthma development(14). In terms of socioeconomic deprivation, although the whole cohort was broadly equally spread across all quintiles, the largest proportion (22%) resided in the most deprived areas. Deprivation was also a significant independent risk factor for exacerbations, reflecting findings from previous studies(4, 15, 16), but was independent of age.
One in ten adolescents were documented in their primary care records as having smoked cigarettes. This proportion is similar to national statistics on childhood smoking(17) but patient records currently do not distinguish between traditional cigarette smoking and vaping, which has seen a surge in popularity amongst young people in recent years(18).  A very low percentage across all age groups were recorded as being passively exposed to cigarette smoke. We suspect these results are biased due to multiple factors, including lack of inquiry by the healthcare professional, poor documentation in records, and bias in reporting by the children’s families or carers. 
A history of eczema was prevalent in all age categories, occurring in approximately one-third of children, with a 10% higher proportion in the youngest children compared to adolescents, but was only a strong exacerbation risk factor for the youngest children (5-8 years). It was also much higher than the reported prevalence of aeroallergen sensitisation and food/drug allergy, 17% and 8% respectively across the whole cohort. Food/drug allergy was higher in the youngest age group, a reverse of the prevalence of aeroallergen sensitisation. Our prevalence of allergy and eczema align with those from the Global Asthma Network (GAN) phase I study(1, 19). The GAN phase I results are based on self-reporting of symptoms, whereas our findings are dependent on patient reporting and physician recording. Agreement of findings using such different data sources provides some confidence in the finding’s accuracy. Perhaps unexpectedly, we found aeroallergen sensitisation not to be a particularly strong exacerbation risk factor, and only for children aged over 9 years, but food/drug allergy was one of the strongest exacerbation factors for the youngest children, increasing the risk of an exacerbation by around 20%, but was not a risk factor for children over 9 years old. Food allergies are known to be more common in children with asthma and some previous studies have also suggested an association with more severe asthma(20, 21). 
Although, most children (around 80%) were prescribed an ICS at least once during the next two years, over a third were prescribed SABA, without ICS, as their first line treatment. Even more concerning, over 20% of children were not prescribed ICS even up to 1 month after their first exacerbation. Adolescents were most likely to be managed on SABA alone, with one in five never receiving an ICS during the first two years after diagnosis. While these findings do not follow current asthma management guideline recommendations(22), this may be because much of the data available was before 2016, when guidelines did recommend SABA as first line treatment. Another area of concern was the dose of ICS prescribed, 8% of the whole cohort received medium or high dose, often receiving this dose as their first ever ICS prescription. 
Interestingly, cough was reported to a healthcare professional in around 1 in 3 children pre-diagnosis. Wheeze/chest tightness (just over 10%) and dyspnoea (just under 10%) were less commonly recorded. Several children were prescribed OCS, or had an unscheduled hospital visit that was coded for asthma yet were not diagnosed with asthma by their GP practice. This delayed diagnosis was most common for the youngest children, where nearly one in ten were given OCS but no asthma diagnosis. Such delayed diagnosis may have contributed to poor management including no annual review, asthma management plan or education, resulting in missed opportunity to prevent further OCS prescriptions, particularly important in these children as pre-diagnosis OCS use was the largest risk factor for a future exacerbation, paralleling findings in adult cohorts(23, 24). 
As with all observational studies, there are limitations to our study. One limitation was possible misclassification; we tried to reduce misclassification of asthma by only including children with two asthma codes within two years. Although we did not have information on objective tests, we were able to establish that just over 70% of the cohort had either a peak flow measurement (majority) or spirometry (minority) around the time of their diagnosis. Allergy variables also relied on patient and physician reporting, and we had limited information regarding whether sensitisation tests were performed or not. There were missing values of the variables BMI and smoking, as discussed above.  We did not know if asthma prescriptions were dispensed or adhered to, however, these provided the healthcare professional’s perception on the child’s asthma control.
In conclusion, we have shown that children’s characteristics, management, and exacerbations are all influenced by the age of their asthma diagnosis, such that younger children and adolescents should not be considered as a homogeneous group. Younger children are at the highest risk of exacerbations, yet currently the anti-inflammatory reliever strategy is only recommended for adolescents, we urgently need trials to assess this effective approach in younger children too. For adolescents, weight management should be a key part of asthma management due to a strong association between overweight/obesity and exacerbations; yet BMI was not recorded even once in a one-third of adolescents – a lost opportunity for healthcare intervention. Younger children are most likely to receive a delayed diagnosis: one in ten received at least one course of oral corticosteroids before receiving an asthma diagnosis in their patient records, which likely would have led to improved care and reduced need for oral corticosteroids. Furthermore, these were the children most at risk of a future exacerbation. Pharmacological management was also often suboptimal and varied according to diagnosis age: a quarter of adolescents were managed without any ICS, using reliever inhalers only, and some inappropriately received medium instead of low dose ICS.
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Table 1: Baseline characteristics and pre-diagnosis events by age groups
	BASELINE CHARACTERISTICS

	Total
N (%)
	5-8.9 years
N (%)
	9-11.9 years
N (%)
	Adolescents*
N (%)
	p-value

	 
	N=119,611
(100.0%)
	N=61,940 (51.8%)
	N=32,316 (27.7%)
	N=25,355 (21.2%)
	 

	Age at diagnosis (years)
	9.7 (3.4)
	6.8 (1.2)
	10.4 (0.9)
	13.7 (1.7)
	<0.001

	Gender
	
	
	
	
	<0.001

	   Male
	65,886 (55.1%)
	36,514 (58.9%)
	17,868 (55.2%)
	11,504 (45.3%)
	 

	   Female
	53,725 (44.9%)
	25,426 (41.1%)
	14,448 (44.8%)
	13,851 (54.7%)
	 

	BMI
	
	
	
	
	<0.001

	   Normal
	52,668 (44.1%)
	26,341 (42.5%)
	14,229 (44.0%)
	12,098 (47.7%)
	 

	   Overweight
	11,367 (9.5%)
	4,419 (7.1%)
	3,703(11.4%)
	3,245 (12.8%)
	 

	   Obese
	7,575 (6.3%)
	3,065 (4.9%)
	2,471 (7.6%)
	2,039 (8.0%)
	 

	   Missing
	48,001 (40.1%)
	28,115 (45.5%)
	11,913 (37.0%)
	7,973 (31.5%)
	 

	IMD (socioeconomic status)
	
	
	
	
	<0.001

	   1
	22,880 (19.1%)
	11,548 (18.6%)
	6,420 (19.9%)
	4,912 (19.4%)
	 

	   2
	21,567 (18.0%)
	11,083 (17.9%)
	5,757 (17.8%)
	4,719 (18.6%)
	 

	   3
	21,433 (17.9%)
	10,962(17.7%)
	5,752 (17.8%)
	4,719 (18.6%)
	 

	   4
	25,100 (21.0%)
	13,143 (21.2%)
	6,763 (20.9%)
	5,194 (20.5%)
	 

	   5
	28,631 (24.0%)
	15,204 (24.5%)
	7,624 (23.6%)
	5,803 (22.9%)
	 

	Aeroallergen Sensitization
	
	
	
	
	<0.001

	   Yes
	20,348 (17.1%)
	8,616 (14.0%)
	6,308 (19.6%)
	5,424 (21.4%)
	 

	Eczema
	
	
	
	
	<0.001

	   Yes
	40,814 (34.1%)
	23,108 (37.3%)
	10,651 (33.0%)
	7,055 (27.8%)
	 

	Food/Drug allergy
	
	
	
	
	<0.001

	   Yes
	9,548 (8.0%)
	5,561 (9.0%)
	2,344 (7.3%)
	1,643 (6.5%)
	 

	Passive smoking
	
	
	
	
	<0.05

	   Yes
	2,503 (2.1%)
	1,292 (2.1%)
	726 (2.3%)
	486 (2.0%)
	 

	Smoking
	
	
	
	
	<0.001

	   Yes
	4,225 (3.5%)
	NA
	1,597 (5.0%)
	2,628 (10.4%)
	 

	Exacerbation at time of diagnosis
	
	
	
	
	<0.001

	   No
	114,303 (95.6%)
	58,560 (94.5%)
	31,102 (96.0%)
	24,641 (97.1%)
	 

	   GP managed exacerbation 
	3,620 (3.0%)
	2,178 (3.5%)
	889 (2.7%)
	553 (2.1%)
	 

	   Hospital managed exacerbation 
	1,688 (1.4%)
	1,202 (1.9%)
	325 (1.0%)
	161 (0.6%)
	 

	YEAR BEFORE DIAGNOSIS

	 
	 
	 
	 
	 

	Dyspnoea 
	
	
	
	
	<0.001

	   Yes
	8,650 (7.2%)
	2,954 (4.8%)
	2,755 (8.5%)
	2,941 (11.6%)
	 

	Wheeze/chest tightness 
	
	
	
	
	<0.001

	   Yes
	14,532 (13.2%)
	8,592 (13.9%)
	3,536 (11.0%)
	2,404 (9.5%)
	 

	Cough 
	
	
	
	
	<0.001

	   Yes
	41,767 (34.9%)
	24,703 (39.9%)
	10,347 (31.9%)
	6,717 (26.5%)
	 

	OCS course
	
	
	
	
	<0.001

	   ≥1 short course
	6,403 (5.3%)
	4,269 (6.9%)
	1,357 (4.2%)
	777 (3.0%)
	 

	Unscheduled hospital visit coded as ‘asthma’
   ≥ 1 visit
	1,542 (1.3%)
	1,134 (1.8%)
	273 (0.8%)
	134 (1.2%)
	<0.001



*adolescents=12-15.9 years, BMI = body mass index, OCS = oral corticosteroids


