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ABSTRACT:
Background: Allergic rhinoconjunctivitis (ARC), asthma and eczema carry a substantial morbidity. These conditions often co-exist within the same individual and prevalence can differ based on age, ethnicity and gender. 
Objectives: Using a UK primary care database, we estimated the trends in prevalence over the last decade for ARC, asthma and eczema and associated risk factors.
Methods: Longitudinal cohort analysis of the health improvement (THIN) database between 1st Jan 2010 and 1st Jan 2019. Logistic regression analysis was used to explore risk factors for diagnosis of these conditions.
Results: An average of 4.17 million records per year were analysed, 19.4% were children and 49.75% were male.  There was an increase in prevalence of ARC, asthma and eczema amongst adults during the study period, whereas ARC and asthma prevalence amongst children has fallen. By 2018, 1:8 adults and 1:14 children had ARC; asthma was diagnosed in 1:7 adults and 1:10 children whereas eczema was diagnosed in 1:6 adults and 1:4 children respectively. 
Ethnicity and gender modify the risk of being diagnosed with these conditions. Having other allergies substantially increases the odds of having asthma, eczema and ARC.
Conclusion: The population burden of ARC, asthma and eczema in the UK is substantial. These conditions are often associated with other allergies and can, therefore, be complex to manage. These data support calls for improvement of pathways of care for allergy patients in the UK. 









Background: 
Allergic rhinoconjunctivitis (ARC), asthma and eczema are common allergic conditions that carry significant morbidity. ARC has been associated with depression1, shown to affect academic performance2, reduce work place productivity3 and exert a considerable financial burden on the society4. Eczema is associated with significant reduction in quality of life of affected individuals and carers5, depression and anxiety6 and also exerts a considerable financial pressure on individuals and society7. Asthma continues to be a condition associated with high morbidity and mortality world-wide8. It too has a substantial impact on the global health economy 8-10.
There is an epidemiological association between ARC, asthma and eczema. The so called 'allergic march' describes the strong risk of developing asthma and ARC in children with eczema11.  Studies have hinted at a genetic link between eczema and sensitisation to aeroallergens12.Asthmatics with ARC are known to have more exacerbations requiring higher doses of reliever medication when ARC symptoms worsen (e.g. during summer in hay fever sufferers). Not only do individuals with severe eczema carry a higher risk of having concomitant asthma and ARC, but they also are at higher risk of severe presentations of these conditions13.
We set out to understand the prevalence of General Practitioner (GP) diagnosed allergic rhinitis, asthma and eczema in the UK. We also wanted to estimate risk factors for these conditions. GPs serve as gatekeepers within the UK NHS and almost all of the UK population are registered with a GP. Therefore, examination of routinely collected UK primary care data can provide fairly accurate population estimates of allergy prevalence.  We used data obtained from the Health Improvement Network (THIN) database for this analysis. THIN has previously been shown to be representative of the population of the country as a whole14. The data obtained from this analysis can be used to assess the scale of the problem and identify areas where investments can be targeted to support maximal improvement in patient care. 
Methods:
Data source
THIN currently includes electronic patient records from 808 primary care practices across the UK, covering a total of over 16 million patients (about 3.6 million active patients), who represent about 5.7% of the whole UK population 15. These patients are generalisable to the UK population by age, gender, medical conditions and death rates 16. 
Participating practices use Vision® software to maintain patient records and issue prescriptions. Entries into THIN reflect patient demand for primary health care services; clinical entries into the database may be made by GPs or other authorised practice staff. Medical conditions are identified in the THIN database using Read codes17. The Read codes which were used in this study are shown in Supplement (S1).


Study population
General practices were considered eligible one year after reporting acceptable mortality rates18 and one year after initiating use of the Vision® system for documenting patient medical records. Participants were considered eligible one year after registration with an eligible general practice. 
We obtained patient records of all eligible individuals registered with an eligible general practice providing data to THIN between 1st January 2010 and 1st January 2019. 
Prevalence estimation:
To estimate point prevalence every year from 2010 to 2019, all eligible individuals within the database at the start of the index year were included in the denominator cohort.
Annual point prevalence of each of the three allergic conditions (ARC, asthma and eczema) at the start of each year was calculated by dividing the number of eligible individuals with a Read code diagnosis for that condition prior to a specific year (see Supplement data) by the number of eligible individuals at the start of that year. Prevalence estimates were also obtained separately for adults (≥18 years old) and children (<18 years old); males and females. 
Regression analysis:
In a cross-sectional snapshot of patients eligible on 1st of January 2018, logistic regression analysis was carried out among adults and children separately to obtain adjusted odds ratios and their corresponding 95% confidence intervals (CI) for the outcome ARC, asthma and eczema. Age categories, sex, ethnicity, region and presence of other allergic conditions were considered as independent variables in the model. The odds were separately estimated for children and adults. Age was stratified into subgroups of 10-year age bands [among adults: (1) 18-29 years, (4) 30-39 years, (5) 40-49 years, (6)≥ 50 years; among children: (1) <10 years, (2)10-17 years]. Ethnicity of patients were categorised into one of the following: (1) Caucasian, (2) Black Afro-Caribbean, (3) South Asian, (4) Mixed race, (5) Other ethnic minorities (which included Chinese, Middle-Eastern and ‘other’), and a separate ‘not-specificed’ category was considered for patients without a record of their ethnicity. Region of the practice’s patients are registered with were stratified as: (1) East of England, (2) London, (3) North-West of England, (4) Northern Ireland, (5) Scotland, (6) South Central England, (7) South-East coast of England, (8) South-West of England, (9) Wales, (10) West Midlands, (11) Yorkshire & Humber. In addition to the three main allergic conditions of interest (ARC, asthma and eczema), other allergies including food allergy, drug allergy, urticaria and anaphylaxis were considered as independent variables.
Results:
Demographic data:
An average of 4.17 million individuals (49.75% male) were registered within the THIN database at the start of each year. At the start of participants’ eligibility, 19.4% of them were children aged 0-17 years. The median age of the study participants at the start of each year was 42 (Interquartile range:23-59) years. 
Across the 10 years, on average a majority of the individuals (46.8%) self-identified as white. On average over the years, black, mixed race and 'other' minority groups constituted about 3% (1.5%, 1% and 0.50% respectively) and South Asians contributed to 2.38% of the data. Although ethnicity data were not available on nearly half (47.8%) of the registered individuals, an improvement in the recording of ethnicity was observed over the period of study: 53.9% of data on ethnicity was missing in 2010 compared to 46.1% missing in 2019).
Characteristics of the cross-sectional snapshot of patients at the start of each year between 2010 and 2019 are presented in Supplement (S2).
Prevalence of ARC, asthma and eczema:
Prevalence amongst adults:
Between the years 2010 and 2019, there was an increase in the prevalence of all three allergic conditions amongst the adult UK population (Figure 1). The highest increase in prevalence was registered for eczema (18.32%) followed by asthma (14.02%) and ARC (11.48%).
By 2018 one in every 8 UK adults (12.99%) had ARC. The prevalence of asthma and eczema were higher, with 1 in every 7 (15.22%) and 1 in every 6 (16.77%) being diagnosed with these conditions respectively (Figure 1, Table 1, Supplement S3). 
Prevalence amongst children:
During the last decade, there has been a decrease in the prevalence of GP-diagnosed ARC and asthma amongst UK children (Figure 2). The prevalence of eczema has increased slightly with one in 4 children (27.51%) diagnosed as having eczema in 2014. The prevalence of ARC and asthma was lower, with one in every 14 (7.23%) and 10 (9.82%) children being diagnosed with these conditions respectively. (Figure 2, Table 2, Supplement S4).
Risk factors associated with diagnosis of allergy among adults:
In a cross-sectional snapshot of eligible adult patients at the start of 2018, the odds of being diagnosed with ARC were highest in adult patients between the ages of 30-50. In comparison to patients aged <30 years, the adjusted odds ratios (OR) of patients aged 30-40, 40-50 and ≥50 years were 1.07 (95% CI 1.06-1.09), 1.06 (95% CI 1.05-1.07) and 0.75 (95% CI 0.75-0.76) respectively. Asthma and eczema, on the other hand, were more commonly diagnosed among young adults (aged <30 years). Compared to men, women were at a 9%, 3% and 25% higher odds of being diagnosed with ARC, asthma and eczema [aOR: 1.09 (95% CI 1.08-1.10), 1.03 (1.02-1.04) and 1.25 (1.24-1.26)] respectively (Table 3).  
In comparison to Caucasians, adults belonging to ethnic minorities were at a higher risk of being diagnosed with ARC [aOR for Black Afro-Caribbean: 1.57 (95% CI 1.53-1.62), South Asian: 1.49 (95% CI 1.45-1.52), mixed race: 1.21 (95% CI 1.17-1.26), other ethnic minority: 1.31 (95% CI 1.24-1.37)], while at a lower risk of being diagnosed with asthma [aOR for Black Afro-Caribbean: 0.57 (95% CI 0.55-0.59), South Asian: 0.67 (95% CI 0.65-0.69), mixed race: 0.42 (95% CI 0.40-0.44), other ethnic minority: 0.82 (95% CI 0.78-0.87)] and eczema [aOR for Black Afro-Caribbean: 0.71 (95% CI 0.69-0.74), mixed ethnicity: 0.80 (95% CI 0.77-0.83), other ethnic minority: 0.93 (95% CI 0.88-0.98)](Table 3).
Adult patients from other regions such as Yorkshire and Humber were less likely to be diagnosed with ARC and eczema compared to patients from London [aOR: 0.55 (0.49-0.62) and 0.63 (0.58-0.70) respectively], while those from London were less likely to be diagnosed with asthma. Diagnosis of any of the allergic conditions discussed (i.e., ARC, eczema and asthma) significantly increased the odds amongst adults, as well as children, of being diagnosed with either one of these allergies (ARC, eczema or asthma) or another allergy / related condition, such as food allergy, anaphylaxis, drug allergies or urticaria (Table 3). 
Risk factors associated with diagnosis of allergy among children:
Odds of being diagnosed with ARC, asthma and eczema were higher among children aged 10-18 years old compared to <10 year olds [aOR: 3.23 (95% CI 3.16-3.31), 2.56 (95% CI 2.51-2.61) and 1.08 (95% CI 1.07-1.09) respectively], and lower in girls compared to boys [aOR: 0.73 (95% CI 0.71-0.74), 0.75 (95 CI 0.73-0.76) and 0.95 (95% CI 0.94-0.96) respectively] (Table 4). 
Similar to adults, children from ethnic minority groups were at higher odds of being diagnosed with ARC, and at lower odds of being diagnosed with asthma. However, unlike adults, children from ethnic minority groups were at higher odds of being diagnosed with eczema in comparison with their respective Caucasian counterparts [aOR for Black Afro-Caribbean: 1.30 (95% CI 1.25-1.35), South Asian: 1.22 (95% CI 1.18-1.27), mixed ethnicity: 1.21 (95 CI 1.14-1.28) and other ethnicity: 1.07 (95 CI 1.02-1.13)] (Table 4). 
Odds of developing any of the three allergic conditions across the various regions of the UK were similar between adults and children. Children with previous diagnosis of any other allergy were at higher odds of being diagnosed with ARC, asthma and eczema. 
Discussion:
Our analysis shows that a substantial proportion of the UK population is now affected by one of either ARC, eczema or asthma, and that the allergy burden on the NHS in the UK is increasing. 
The prevalence of eczema amongst children remains quite high with a quarter of all UK children having been diagnosed with this condition. The burden of childhood asthma and ARC is also substantial. However, there is a variation in allergy prevalence between different age groups. The regression analysis performed for the year 2018 showed that ARC is more commonly diagnosed in older children (aged 10-18yrs) compared to younger (<10yrs old) children. Ethnicity also appears to be a significant variable, with Caucasians less likely to be diagnosed with ARC and more likely to have asthma compared with other ethnic groups. Caucasian adults also appear to have a lower prevalence of eczema. There were regional variations in allergies with asthma and eczema being more common in most other UK regions than in London. The prevalence of ARC was highest in the West Midlands and South-Central England. 
Previous work has shown that individuals who suffer from one of these allergic conditions are more likely to suffer from an additional allergy 19.  An Irish study used the standardized ISAAC questionnaire to conclude that the co-existence of atopic conditions amongst children aged 6-7 years had increased between 2002-2007 20. The increased risk of developing food allergy in individuals diagnosed with other allergies has previously been described 21, 22.  Our study showed that allergies tend to cluster in individuals and that there was a higher chance of being diagnosed with other allergies/ atopic conditions (including food allergy, drug allergy, urticaria) in individuals with either ARC, eczema or asthma,across all age groups. 
There is a substantial economic impact of these conditions on health care systems and a considerable personal burden and impact on the quality of life of affected individuals.23-27A survey of adult  patients with allergic rhinitis in 5 European countries (including the UK) showed that a majority of them reported tiredness, irritability, anxiety and depression 28. Many also reported sleep disruption and a detrimental impact on school/ work performance 28.  Other studies have confirmed a reduction in quality of life due to  ARC 29, 30, asthma31, 32 and eczema.
The increase in co-morbidity of multiple allergies has implications for clinical services also.  Individuals with multiple and complicated allergies have higher morbidity and are more likely to benefit from allergy specialist services33, 34. However, as has been discussed in previous publications 35, 36 , there are significant issues with specialist availability for paediatric and adult allergy services in the UK. 
The International Study of Asthma and Allergies in Childhood (ISAAC), a large multi-centre study estimating the prevalence of self-reported allergic conditions, found that whilst eczema and asthma prevalence had levelled off or decreased in areas with previous high prevalence (such as in the UK) 37, the prevalence of allergic rhinitis – especially in younger children- has increased in most countries 38. A previous analysis of primary care databases 39 has shown  a decrease in the prevalence of allergic rhinitis and eczema in the UK. Estimates, therefore, appear to vary significantly based on the method used (e.g. self-reporting versus clinical diagnosis), definition of allergy itself (blood test positivity versus self-reporting of symptoms by patient versus challenge test in a clinic), age groups studied, or, in the case of retrospective cohort studies (similar to those presented in this study), source and setting of data 40. 
A previous publication using UK primary care databases (GPRD) 41 has shown high incidence density of ARC, asthma and eczema in a cohort of children. Although this work did not explore risk factors or explore prevalence trends in the diagnosis of these conditions, it did demonstrate a growing problem of multiple allergies amongst children. 
A major strength of our study is the use of a large, representative national primary care database (THIN) which includes data from across the UK. The dataset provided longitudinal data on over 4.17 million individuals per year, allowing estimations with high statistical power. THIN provides diagnoses documented by a qualified clinician and could be considered to provide a more credible estimate than that provided by self-reported allergies. However, many mild allergies are self-managed by patients (and parents) at home using over the counter medication without ever consulting general practitioners. Thus, the estimates in this study may not accurately reflect the burden of disease in the community. Also, these data reflect diagnoses made in primary care and may reflect an over or underreporting of allergies.  Moreover, as with any health database, there could be issues with accuracy of coding and missing data42. 
THIN is a dynamic database and various GP practices may have joined or left the dataset during the study period. Over the last decade, there has been a gradual decrease in the total number of GP practices (particularly those in some regions of England) subscribing to THIN and this is reflected in a reduction in the overall numbers of individuals within the dataset (see supplement S2). This may have affected the estimates provided, particularly regional estimates. Also, ethnicity data was not available for about 50% of those included in the dataset. It should be noted, however, that data from THIN has been shown consistently to be of high quality and completeness as well as generalisable to the UK population 16, 43-45. 
[bookmark: _Toc509560717]Conclusions
Our study shows that the burden of ARC, asthma and eczema in the UK is substantial. There are age, gender, ethnicity and region-based differences in the prevalence of allergies in the UK.  Individuals diagnosed with these conditions are at higher risk of developing other allergies. There is growing number of individuals with multiple and complex allergies who would benefit from specialist input.  These data support the call for urgent improvement to allergy services and pathways in the UK. 
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