Impact of sex, socioeconomic deprivation, ethnicity, and region on exacerbation rates and mortality of chronic respiratory diseases in England: population-based cohorts 
Hannah Whittaker1, Thomas Bolton2, Ian Sinha3, Liam G Heaney4, John Busby4, Gwyneth A Davies5, Aziz Sheikh6, Jennifer K Quint1 on behalf of the CVD-COVID-UK/COVID-IMPACT Consortium 

1Department of Primary Care and Public Health, School of Public Health, Imperial College London
2British Heart Foundation Data Science Centre, Health Data Research UK, London, UK
3Division of Child Health, University of Liverpool
4Centre for Public Health, Queen's University Belfast School of Medicine Dentistry and Biomedical Sciences, Belfast, UK
5Population Data Science, Faculty of Medicine, Health and Life Science, Swansea University, Swansea, United Kingdom
6Nuffield Department of Primary Care Health Sciences, University of Oxford, Oxford, United Kingdom


Corresponding author: Hannah Whittaker (h.whittaker@imperial.ac.uk) 
School of Public Health, Imperial College London, 90 Wood Lane, London

Word count: 4,808




Abstract
Background
Inequalities in chronic respiratory diseases persist, yet up-to-date evidence on outcomes remains limited. We described national mortality and exacerbation rates in people with asthma and chronic obstructive pulmonary disease (COPD) since the beginning of the COVID-19 pandemic and assessed variation by inequalities.
Methods
England primary care records from the General Practice Extraction Service data for Pandemic Planning and Research were linked to Hospital Episode Statistics and ONS mortality data. Cohorts of primary care diagnosed asthma andCOPD were defined prior to 01/11/2019. Monthly age-sex-standardised exacerbation rates (SNOMED-CT and ICD-10 codes) and mortality rates (ICD-10 codes) were calculated from 01/11/2019-31/03/2025, stratified by sex, Index of Multiple Deprivation (IMD), ethnicity, and region.
Results 
The study included 7,530,680 people with asthma and 1,200,780 with COPD.. Mean monthly exacerbation rates were higher in females than males ( 33% and30%higher for asthma and COPD, respectively), while mean monthly all-cause mortality rates were 13%, and 15% higher in males than females. Mean monthly exacerbation and all-cause mortality rates were higher in IMD-1 compared with IMD-10 across all conditions (asthma: 123% and 100% higher, COPD: 68% and 41% higher, respectively). Mean monthly all-cause mortality and exacerbation rates were higher in the northeast than the southwest (asthma: 22% and 69% COPD: 15% and 42% higher, respectively). Outcome rates varied by ethnicity across conditions.
Conclusions
Inequalities in chronic respiratory disease outcomes persist across England despite sustained policy focus on reducing health inequalities.


















What is already known on this topic 
Inequalities in chronic respiratory disease exist in the UK however, there is a lack of up-to-date evidence on how these have changed over time, particularly since the COVID-19 pandemic.
What this study adds
To our knowledge, this is the first national-level English primary care study to describe longitudinal outcomes across asthma, and COPD, stratified by inequalities. This study demonstrates persistent and marked inequalities in respiratory outcomes across population groups. 
How this study might affect research, practice or policy
This study supports the need to increase funding in respiratory research and to make respiratory health a national priority in order to improve outcomes in England.











Introduction 
Over 12.5 million people in the UK report a history of long-standing respiratory illness including asthma, chronic obstructive pulmonary disease (COPD), bronchiectasis, and interstitial lung disease (ILD), the four leading chronic respiratory diseases in the UK. In 2019, 9.7% of people in England were diagnosed with asthma and 4.5% with COPD[1, 2]. The UK has some of the worst outcomes for respiratory disease in western Europe including one of the highest all-cause mortality rates in people with chronic respiratory disease [3, 4]. Whilst timely diagnoses are crucial, understanding factors associated with disease outcomes, such as exacerbations and mortality, are important in order to change disease trajectories and improve quality of life in people living with these conditions.  
Previous studies have shown that respiratory disease outcomes vary between different groups of people in the UK. Female sex and lower socioeconomic status have been associated with an increased risk of hospitalisations compared with males and high socioeconomic status in people with asthma and COPD [5-8]. Other inequalities including ethnicity and region have been less extensively researched or are not up-to-date, notably in England, and there is a lack of research understanding the impact of the COVID-19 pandemic at a national-level scale [9-12].
[bookmark: _Hlk182403975]Not only is it important to understand the burden of respiratory disease by demographic inequalities, but also how trends have changed over time and whether inequalities in the burden of chronic respiratory disease have widened or narrowed in more recent years. Our previous study found that during the Covid-19 pandemic the incidence of chronic respiratory diseases declined but has slowly rebounded to pre-pandemic rates [2]. However, the differences in incidence rates between different groups of patients did not vary drastically over the Covid-19 period. In terms of respiratory disease outcomes, studies have reported a decline in exacerbations of asthma and COPD during the Covid-19 lockdown but no change in chronic respiratory-related mortality [13]. Understanding whether inequalities in the burden of chronic respiratory disease has widened or narrowed over time, in the context of the Covid-19 pandemic is essential to inform national and local public health planning and policy. We aimed to extend our previous work and describe trends in exacerbations and mortality in people with asthma and COPD, stratified by sex, socioeconomic deprivation, ethnicity, and region in England and second, to investigate the impact of COVID-19 on these outcomes. 
Methods 
Data Sources
Primary care and linked secondary care data from NHS England were used. Primary care data from the General Practice Extraction Service data for Pandemic Planning and Research (GDPPR) database was linked to Hospital Episode Statistics (HES), mortality data from the Office for National Statistics (ONS), and the Index of Multiple Deprivation (IMD version 19) (supplement 1). 
Study design and study populations 
Two cohorts consisting of individuals with i) asthma and ii) COPD were created. Individuals with more than one diagnosis of asthma or COPD were included in more than one cohort. Each cohort included patients who were alive and registered with a GP on study index date (November 1, 2019) and had a record of that specific condition in their primary care record at any time prior to the index date. Diagnoses made in primary care were identified as it would be unlikely to have a secondary care event with no other primary care event given the nature of the chronic conditions. Diagnoses recorded any time prior to November 2019 were included.  In the COPD cohort, we excluded individuals aged less than 40 years on the index date based on previous validated definitions of COPD in primary care electronic healthcare records and the asthma cohort excluded individuals aged less than 18 years [14]. No exclusions were made based on smoking status. Follow-up started on the study index date and ended at the earliest of patient death or end of study (March 31, 2025) (Supplement 1, Figure S1). 
Outcomes 
Primary outcomes included all-cause mortality and exacerbations over follow-up. Date of death was determined through linkage to ONS death certificates considering mortality from any cause. Asthma and COPD exacerbations were defined as either a primary consultation for the condition of interest or a hospital admission with the condition recorded as the primary discharge diagnosis. To avoid possible double counting of a same event recorded on multiple occasions, exacerbations recorded within two weeks of a previous event were excluded.
Secondary outcomes included cause-specific mortality. Causes of death were determined through the first cause of death listed on ONS death certificates. For each condition investigated, we categorised the cause of death into disease-specific (asthma or COPD respectively) or cardiovascular-specific (https://github.com/BHFDSC/CCU052_02). Cardiovascular-specific cause of death was included as it is the most common comorbidity in people with respiratory disease. 
Inequalities and demographics 
Subgroups of individuals included: 1) sex defined as male or female; 2) socioeconomic deprivation defined as deciles of the 2019 Index of Multiple Deprivation (IMD) with 1 as the most deprived decile and 10 as the least deprived; 3) ethnicity recorded as White, Black, Asian, Mixed, and Other recorded in primary or secondary care data; and 4) region defined as South West, South East, London, East England, West Midlands, East Midlands, North West, Yorkshire and Humber, and North East England.  
The mixed ethnicity included mixed or multiple ethnic groups such as White and Asian, White and Black African, White and Black Caribbean, and other mixed or multiple ethnic groups following ONS categories of ethnicity [15]. Other ethnicity included Arab and any other ethnic groups following ONS categories of ethnicity.  The closest recorded variables to index date were included. 
Statistical analyses 
Baseline characteristics of people with asthma and COPD were described for each cohort at index date using means and standard deviations (SD) and proportions for categorical variables. 
Monthly rates of all-cause mortality, cause-specific mortality, and exacerbations were calculated for each of the three cohorts from November 1, 2019, to March 31, 2025. For mortality outcomes, the numerator was the number of people who died (from all-causes, disease-specific cause, or cardiovascular cause depending on the outcome) in each month. For exacerbations, the numerator was the number of exacerbations in each month. The denominator for each outcome was person-time at risk for each patient in that month presented as per 1,000 person-years. Rates were adjusted by age and sex by direct standardisation to the European 2013 standard population [16]. The sum of the sex and age stratified crude rates multiplied by the European standard population for each stratum was calculated to produce an expected numerator which was divided by the European standard population dominator. Where data were sparse, rates were calculated for 3-months or 6-months rather than monthly. In addition, numerators that were less than 10 were supressed and to ensure anonymity and compliance with the CVD-COVID-UK Consortium, all reported numbers were rounded to the nearest 5. To determine the average difference between two groups, we calculated mortality and exacerbation ratios by dividing the mean rate for one group across all months by the mean rate for another group across all months. 
Reporting
A Statistical Analysis Plan (SAP) was approved by the BHF CVD-COVID-UK Consortium prior to data access and code lists and algorithms were made publicly available through Github.  The strengthening the reporting of observational studies in epidemiology (STROBE) and reporting of studies conducted using observational routinely collected data (RECORD) reporting guidelines were used throughout this study.
Patient and Public Involvement
Patients and the public were not involved with the design of this study however, results have been disseminated with patients and the public through group discussions with Asthma and Lung UK. 
Role of the funding source
HW received a grant from NIHR BRC for this work and was supported by the HDR UK Inflammation and Immunity Driver Programme. 
Results 
In November 2019, of 62,425,745 people registered with a general practice in England, 7,644,510 (12.2%) had a previous record of asthma and 1,211,975 (1.9%) had COPD. Age on index date varied widely by individual condition, with a mean age of 42.5 (20.8) and 70.5 (11.5) years for asthma and COPD, respectively. Similarly, we observed important variations in the cohorts’ distributions across subgroups of sex, socioeconomic status and ethnicity. Most notably, there was a substantial socioeconomic gradient in COPD prevalence with much higher numbers of individuals from most deprived socioeconomic groups. A similar, but more modest gradient was observed for asthma (Table 1) 
Trends in mortality and exacerbations by sex 
In people with asthma, all-cause mortality was consistently higher in males compared with females between November 2019 and March 2025 with higher all-cause mortality rates in the first and second wave of the COVID-19 pandemic before returning back to pre-pandemic rates in (Figure 1 & supplement 2). Overall, the mean all-cause monthly mortality rate in males was 13% higher than in females. Asthma-related mortality was similar between males and females over follow-up; however, cardiovascular-related mortality was consistently higher in males over time (supplement 1, figure S2 & supplement 3). On the other hand, rates of exacerbations were higher in females compared with males on average (Figure 1 & supplement 4). Overall, the mean monthly exacerbation rate in females was 33% higher than in males. 
In people with COPD, all-cause mortality was consistently higher in males compared with females between November 2019 and March 2025 (Figure 1 & supplement 5). Overall, the mean monthly all-cause mortality rate in males was 15% higher than in females. COPD-related mortality rates were similar between males and females across the study period; however, cardiovascular-related mortality was consistently higher in males compared with females (supplement 1, Figure S2 & supplement 6).   On the other hand, monthly exacerbation rates declined from the January 2020 and remained relatively low until December 2022 where an increase in exacerbation rates was seen. This trend was seen in both males and females; however, exacerbation rates remained higher in females compared with males across the study period (Figure 1 & supplement 4). Overall, the mean monthly exacerbation rate in females was 30% higher than in males.
Trends in mortality and exacerbations by IMD
In people with asthma, all-cause mortality rates were consistently higher in people in the most deprived IMD decile and the lowest in the least deprived decile (Figure 2 & supplement 1, Figure S3 & supplement 2). Overall, the mean monthly all-cause mortality rate in IMD 1 was two times higher than in IMD 10 however, the increase in all-cause mortality from November 2019 to the first wave of the COVID-19 pandemic was larger for IMD 1. A similar trend was seen for asthma-related mortality by deprivation. Cardiovascular-related mortality was consistently higher in more deprived groups (supplement 1, Figure S4 & supplement 3). Higher asthma exacerbation rates were also seen for people in the most deprived decile compared with the least deprived decile (Figure 2 & supplement 4). Overall, the mean monthly exacerbation rate in IMD 1 was 2.23 times higher than in IMD 10.
In people with COPD, all-cause mortality rates were higher in people in the most deprived IMD decile compared with all other deciles with the lowest all-cause mortality rates seen in the least deprived however, the difference in rates was less pronounced than for asthma (Figure 2 & supplement 1, Figure S3 & supplement 5). Overall, the mean monthly all-cause mortality rate in IMD 1 was 41% higher than in IMD 10 however, the increase in all-cause mortality from November 2019 to the first wave of the COVID-19 pandemic was larger for IMD 10. In addition, both COPD and cardiovascular-related mortality rates were higher in the most deprived group and lowest in the most deprived group (supplement 1, Figure S4 & supplement 6). A similar, yet more pronounced, trend was seen for exacerbation rates whereby rates remained higher in the most deprived deciles compared with the least deprived deciles (Figure 2 & supplement 4). Overall, the mean monthly exacerbation rate in IMD 1 was 68% higher than in IMD 10.
Trends in mortality and exacerbations by ethnicity 
In people with asthma, rates of all-cause mortality peaked across all ethnicities in March 2020 during the first wave of the pandemic, but the increase was higher for people with Black, Asian, and Other ethnicities (Figure 3 & supplement 2). This was consistent with the second peak of pandemic whereby people with Asian ethnicity had the largest increase in all-cause mortality. White ethnicity had the highest rate of all-cause mortality in stable periods (i.e., not during any of the pandemic waves). A similar pattern was seen for cardiovascular mortality whereby white ethnicity had higher rates of mortality, but it was less clear for asthma-related mortality due to relatively low numbers of people dying from asthma (supplement 1, Figure S5 & supplement 3). In terms of asthma exacerbations, people with Asian and White ethnicity had the highest rates of exacerbations compared with those with Other and a peak in January 2024 was seen for people with Black ethnicity (Figure 3 & supplement 4).
In people with COPD, no dramatic increase in all-cause mortality was seen for the first wave of the pandemic. A larger peak was observed in January 2021, notably for people with Mixed and Asian ethnicity. Across the study period monthly rates varied for people with non-white ethnicity however, rates were relatively stable for people with white ethnicity (Figure 3 & supplement 5). COPD-related mortality was higher in people with White and Mixed ethnicity and lowest in people with Asian ethnicity however, differences in cardiovascular-related mortality were less apparent (supplement 1, Figure S5 & supplement 6).  In terms of COPD exacerbations, people with White ethnicity had the highest rates of exacerbations across the study period, with a large decrease in exacerbations during the first wave of the pandemic up until September 2021, and people with Black ethnicity had some of the lowest rates of exacerbations (Figure 3 & supplement 4).
Trends in mortality and exacerbations by region
In people with asthma, all-cause mortality rates varied by region whereby northern regions had higher rates of all-cause mortality compared with more southern regions (Figure 4 & supplement 1, Figure S6 & supplement 2). Overall, the mean monthly all-cause mortality rate in the Northeast was 22% higher than in the Southwest of England. A similar pattern was seen for cardiovascular-related mortality, however, no differences in asthma-related mortality were seen by region (supplement 1, Figure S7 & supplement 3).  In terms of asthma exacerbations, people in the northeast had higher rates of exacerbations compared with other regions (Figure 4 & supplement 4).  Overall, the mean monthly exacerbation rate in the Northeast was 69% higher than in the Southwest of England.
In people with COPD, a similar trend was seen for all-cause mortality rates whereby northern regions had higher rates of all-cause mortality compared with more southern regions however confidence intervals did overlap (Figure 4 & supplement 5). Overall, the mean monthly all-cause mortality rate in the Northeast was 15% higher than in the Southwest of England. A similar pattern was also seen for COPD and cardiovascular-related mortality and asthma exacerbations (Figure 4 & supplement 1, Figure S7 & supplement 6). Overall, the mean monthly exacerbation rate in the Northeast was 42% higher than in the Southwest of England.
Discussion 
Main Findings 
The burden of asthma and COPD varies between different populations, highlighting areas in which better management and more funding is needed to reduce inequalities in chronic respiratory disease in England. Female sex, lower socioeconomic status, and living in more northern regions was linked with higher exacerbation rates and greater mortality and did not improve over the study period. Exacerbation and mortality rates differed by ethnicity, but the magnitude of this was condition specific. Lastly, the impact of the COVID-19 pandemic differed by condition and by groups of people. In people with asthma, individuals with lower socioeconomic status, individuals with non-white ethnicity, and individuals living in northern England had a larger increase in all-cause mortality in the first wave of the COVID-19 pandemic. In people with COPD, there was less of an increase in all-cause mortality during the first wave of the pandemic compared with people with asthma. The impact of COVID-19 on exacerbations across all three conditions was similar by sex, socioeconomic status, ethnicity, and region. 
Respiratory outcomes by sex 
Across both respiratory diseases, females had higher rates of exacerbations. This is consistent with previous studies that have shown that adult females with asthma or COPD are more likely to have exacerbations or be hospitalised for an exacerbation compared with males [17, 18]. The higher exacerbations seen in females with asthma and COPD could be explained by various factors. First, females with asthma or COPD are more likely to have a higher symptom burden than males, suggesting that females may have poorer disease control which can lead to worse disease outcomes such as exacerbations [5, 19]. Second, females have a higher prevalence of anxiety and depression compared with males which is associated with worse quality of life, disease control and health-seeking behaviour [17, 20]. Third, females may be less responsive to their respiratory-related medications, resulting in increased rates in exacerbations [21]. Fourth, hormones play a role in the presentation and outcomes of asthma, resulting in increased hospitalisations and symptom burden in females, however this has not been directly reported for COPD [5]. Whilst females had higher rates of exacerbations, males had higher rates of all-cause mortality and cardiovascular-related mortality, which reflects trends among males in the general population [22]. 
Asthma and Lung UK are campaigning for funders to enable funding for sex and gender-specific differences in asthma and, given the results of this study, this could be broadened to any chronic respiratory disease [23]. In addition, there is a movement to improve transparency in sex and gender differences in the reporting of results whereby analyses are stratified by sex or gender [24]. Future studies to better understand sex-differences in respiratory diseases are needed and falls in line with the government’s Women’s Health Strategy which aims to reduce sex and gender inequalities in health and improve women’s health [25]. 
Respiratory outcomes by socioeconomic deprivation 
Across both respiratory diseases, people with lower socioeconomic deprivation had higher rates of exacerbations and all-cause mortality. It is well documented that lower socioeconomic status is associated with an increased risk of exacerbations, respiratory-specific hospital admissions, and mortality in people with asthma and COPD [6, 26, 27]. Studies have shown that low socioeconomic status also have lower rates of asthma-related general practice visits and controller-to-total asthma medication ratio, which suggests that these patients had poorer disease control, notably in asthma [28]. Factors such as lower household income, living in cold or damp conditions, and occupational exposure to dust and fumes could explain these findings [29]. 
The cost-of-living crisis in recent years has made it harder for people to be able to properly heat their homes which is a trigger for respiratory exacerbations. Initiatives are and have been in place to help those in low-income households. For example, the warm home discount scheme, the energy price guarantee, and the household support fund which aim to help low-income households with energy bills as well as other essential needs such as help with food expenses [30]. Whilst some of these initiatives were in place between 2019 and 2023, these could take decades to come into place and these disparities still persist. 
Respiratory outcomes by ethnicity 
Respiratory outcomes in people with asthma and COPD varied to different degrees by ethnicity. Across both conditions, people with white ethnicity had highest rates of mortality and exacerbations however all-cause mortality during the first two waves of the COVID-19 pandemic varied by ethnicity and condition. In people with asthma, during the first two waves of the COVID-19 pandemic, people with non-white ethnicity had the largest increase and highest rates of all-cause mortality, notably in people with Asian and Black ethnicity. In people with COPD, rates were varied over time and did not change to the same extent as they did for people with asthma during the pandemic. Reasons for higher exacerbation rates in people with white ethnicity could be due to access to healthcare [31]. One study found that people with White ethnicity were more likely to have breathlessness, which might explain the higher rates of exacerbations seen in our study, however, these patients were also more likely to received inhaled therapy [32]. For asthma, other studies have shown that people with non-White ethnicity had higher rates of hospital admission and emergency visits compared with White ethnicity, which might be driving the increased exacerbation rates in non-White ethnicity in this study [33]. It is important to note that rates were age and sex adjusted and residual confounding may explain the rates seen in this study. 
Respiratory outcomes by region 
Across asthma and COPD, rates of exacerbations, all-cause mortality, and cardiovascular mortality varied by region in England with higher rates reported in the north and lower rates in the south. This is consistent with previous studies that show that prevalence of asthma and COPD is higher in the north of England as are asthma symptoms and mortality in people with COPD [34-36]. This is likely explained by socioeconomic status whereby areas in the north of England have some of the highest levels of socioeconomic deprivation and people may be more likely to live in housing that is cold and damp, a potential trigger of exacerbations [37]. In addition, smoking rates are higher in the north which could lead to poor disease control [38].  
Whilst initiatives to decrease smoking exist in the northeast of England, such as Fresh, more widespread programmes are needed [39]. In 2023, the government introduced the smokefree 2030 ambition for England which aims to reduce smoking rates to less than 5% by 2030 by raising the age that people born from 2009 onwards can buy tobacco products, reducing vaping, and enhancing smoking cessation programmes [40]. This may help to reduce the prevalence of smoking in people with asthma across all of England and may help to reduce regional inequalities in respiratory outcomes. 
Impact of COVID-19
Across both conditions, all-cause mortality increased between February and May 2020 and between September 2020 and January 2021. This is in line with the literature whereby the first and second waves of the COVID-19 pandemic was associated with increased mortality in the general population [41, 42]. Our findings suggest that this is consistent for people with asthma but less apparent for people with COPD. One explanation could be that people with COPD were more likely to shield during the waves of the COVID-19 pandemic leading to relatively fewer deaths in these individuals. Whilst people with both severe asthma and COPD were recommended to shield, there was poor understanding of the definition of severe asthma which could have led to fewer people with asthma shielding [43].  On the other hand, the fewer number of exacerbations during peak pandemic waves could suggest that people with chronic respiratory disease were shielding. Alternatively, this could also be explained by the avoidance of healthcare contacts and consequently, lack of recording of these events over the pandemic. We found a third peak between November 2022 and February 2023 for both all-cause mortality and exacerbations. This differs from the peaks observed for the first and second wave of the pandemic whereby only all-cause mortality increased. This is likely due to winter viruses which can increase the chance of exacerbations in people with chronic respiratory diseases and consequently mortality [44, 45]. This also explains why rates of exacerbations and mortality were high in November 2019 before the start of the pandemic and highlights the fact that differences in disease outcomes by sex, socioeconomic deprivation, ethnicity, and region have not improved since 2019.
Strengths and limitations 
Our study reports up to date monthly estimates for exacerbations and mortality across two chronic respiratory diseases at a population level for England. Whilst this allows us to understand trends in outcomes at a high level, further work is needed to tease out how and why these differences exist to implement policies to tackle these inequalities. In terms of limitations, first, the GDPPR primary care data includes all individuals in England who are alive with active registration on the 1st of November 2019 and there is no information on whether a patient moved out of their current general practice, which would usually be used to censor follow-up. However, the proportion of people with a chronic disease who moved general practices would be small and we do not believe this would have impacted our results. In terms of representativeness of people included in our study, it is possible that not all patients with COPD were included due to the underdiagnosis of COPD [46]. We included those who had a primary care diagnosis of COPD given the data source and results should be interpreted in those with an existing diagnosis of a chronic respiratory disease. 
Similarly, our asthma and COPD cohorts were not mutually exclusive, meaning that individuals with more than one recorded respiratory diagnosis could contribute to more than one cohort. This limits the interpretation of the results as condition-specific estimates and means that direct comparisons between cohorts should be interpreted with caution. This may be particularly relevant when comparing asthma and COPD, as people with both diagnoses are likely to have different risks of mortality and exacerbations compared with people with asthma or COPD alone. Based on our previous study in England, a small proportion of people with asthma also had COPD recorded between 2004-2019 (7.7%) while a higher proportion of people with COPD also had a record of asthma (17.5%) [2]. This may partly reflect diagnostic history, where people are initially diagnosed with asthma before later receiving a COPD diagnosis[47]. Therefore, overlap may have a greater relative effect on estimates in the COPD cohort than the asthma cohort. In addition, exacerbation outcomes were defined using asthma-specific and COPD-specific SNOMED CT and ICD-10 codes, meaning that outcome definitions were diagnosis-specific even though the cohorts were not mutually exclusive. This study was descriptive and aimed to estimate mortality and exacerbation rates among people with recorded diagnoses of chronic respiratory disease in routine healthcare data. These overlapping diagnoses reflect real-world clinical populations and remain important for understanding disease burden and public health planning.
An additional limitation is that only one SNOMED CT code for an asthma-specific exacerbation was available in the GDPPR data. Therefore, the exacerbation rates for asthma were mostly secondary care events and results should be interpreted as such. Similarly, due to high missingness of duration of oral corticosteroids and antibiotics in the prescribing data, we did not include this in our definition of exacerbations and rates may be attenuated.  However, we believe that if primary care data were available, trends and differences seen in exacerbations of asthma would remain. For this reason, we did not tease out differences between mild and severe events given the small number of SNOMED CT codes available in the GDPPR data. 
Whilst we did not include smoking status in this study, a previous study described smoking status among people with asthma and COPD using Clinical Practice Research Datalink, an additional primary care data source that is generalisable to the wider English population. In that study, 33.3% of people with asthma were never smokers, 49.4% were ex-smokers and 17.3% were current smokers, compared with 6.2%, 62.0% and 31.8% of people with COPD, respectively [14]. We would assume a similar proportion in this current study. 
In this study we suppressed low absolute numbers and counts were rounded to the nearest 5 to comply with the CVD-COVID-UK Consortium. Whilst this has the potential to affect the accuracy of results, we believe that given the large population size this did not affect our results.  In addition, immortal time bias may have affected the mortality outcomes as specific groups of individuals who died early on would have left the cohort and this could have affect mortality rates seen later on in follow-up.  Lastly, the aim of this study was to provide a higher-level overview of the rates of mortality and exacerbations across the leading three chronic respiratory diseases in the UK since the start of the pandemic and no formal statistical comparisons were conducted between subgroups. Therefore, the certainty of the difference between groups cannot be inferred.    
Conclusions 
Chronic respiratory disease outcomes vary by sex, socioeconomic deprivation, ethnicity, and region in England. Differences in exacerbations and mortality by these demographics and inequalities have remained stable since 2019, except for during the first Covid-19 pandemic wave. Overall, differences by these demographics and inequalities have not improved over time. Estimates from this study can provide researchers, healthcare providers, and policymakers with an overview of the burden of the three most common chronic respiratory diseases in England.  Further funding into respiratory research and prioritisation of respiratory health at a national level is crucial to understanding why these inequalities in chronic respiratory diseases exist to provide future interventions and better management of people with chronic respiratory disease to improve outcomes and reduce health inequalities in England. 
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[bookmark: _Toc214531751]Table 1: Baseline characteristics of people included in the asthma and COPDcohorts. 
	Baseline characteristics
	People with asthma
N=7,644,510
	People with COPD
N=1,211,975 

	Mean age (SD)
	42.5 (20.8)
	70.5 (11.5)

	Females (%)
	3,926,995 (51.4)
	586,610 (48.4)

	Ethnicity 
      White       
      Asian 
      Black 
      Mixed 
      Other 
      Unknown/missing
	
6,521,350 (85.3)
549,085 (7.2)
227,825 (3.0)
155,040 (2.0)
116,920 (1.5)
74,295 (1.0)
	
1,161,015 (95.8)
25,210 (2.1)
10,130 (0.8)
5,340 (0.4)
7,690 (0.6)
2,585 (0.2)

	Index of Multiple Deprivation 
     1 (most deprived)
     2
     3
     4
     5
     6
     7
     8
     9
    10 (least deprived)
	

845,285 (11.1)
793,835 (10.5)
780,410 (10.3)
766,665 (10.1)
754,900 (9.9)
756,605 (10.0)
733,970 (9.7)
732,865 (9.7)
716,230 (9.4)
707,970 (9.3)
	

197,910 (16.4)
157,805 (13.1)
140, 055 (11.6)
129,410 (10.7)
120,195 (10.0)
110,460 (9.1)
101,285 (8.5)
95,385 (7.9)
84,880 (7.1)
68,690 (5.7)

	Region
    East Midlands 
    East of England
    London
    Northeast England
    Northwest England
    Southeast England
    Southwest England
    West Midland
    Yorkshire & the Humber
	
662,050 (8.7)
871,510 (11.5)
1,004,420 (13.1)
385,215 (5.1)
1,070,460 (14.0)
1,224,305 (16.1)
812,120 (10.7)
811,135 (10.7)
777,515 (10.2)
	
108,140 (8.9)
126,495 (10.5)
119,430 (9.9)
86,910 (7.2)
202,210 (16.7)
173,710 (14.3)
124,135 (10.3)
127,315 (10.5)
142,580 (11.8)


Legend: COPD (chronic obstructive pulmonary disease),  SD (standard deviation).







Figure 1: Age-adjusted monthly mortality and exacerbation rates in people with asthma and COPD, by sex. 
Legend: Estimates illustrate rates of mortality and exacerbations in people with asthma and COPD per 1000 person-years and 95% confidence intervals. 
Figure 2: Age and sex adjusted monthly all-cause mortality and exacerbation rates in people with asthma and COPD in IMD1 and IMD10. 
Legend: Estimates illustrate rates of mortality and exacerbations in people with asthma and COPD per 1000 person-years and 95% confidence intervals.
Figure 3: Monthly all-cause mortality and exacerbation rates in people with asthma and COPD by ethnicity. 
Legend: Estimates illustrate rates of mortality and exacerbations in people with asthma and COPD per 1000 person-years and 95% confidence intervals.
Figure 4: Monthly all-cause mortality and exacerbation rates in people with asthma and COPD in the Northeast vs Southwest.    
Legend: Estimates illustrate rates of mortality and exacerbations in people with asthma and COPD per 1000 person-years and 95% confidence intervals. 
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