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ABSTRACT
Background  Asthma remains a common cause of 
hospital admissions across the life course. We estimated 
the contribution of key risk factors to asthma-related 
hospital and intensive care unit (ICU) admissions in 
children, adolescents and adults.
Methods  This was a UK-based cohort study using linked 
primary care (Clinical Practice Research Datalink Aurum) 
and secondary care (Hospital Episode Statistics Admitted 
Patient Care) data. Patients were eligible if they were aged 
5 years and older and had been diagnosed with asthma. 
This included 90 989 children aged 5–11 years, 114 927 
adolescents aged 12–17 years and 1 179 410 adults aged 
18 years or older. The primary outcome was asthma-
related hospital admissions from 1 January 2017 to 31 
December 2019. The secondary outcome was asthma-
related ICU admissions. Incidence rate ratios adjusted for 
demographic and clinical risk factors were estimated using 
negative binomial models. Population attributable fraction 
(PAF) was estimated for modifiable risk factors.
Results  Younger age groups, females and those from 
ethnic minority and lower socioeconomic backgrounds 
had an increased risk of asthma-related hospital 
admissions. Increasing medication burden, including 
excessive use of short-acting bronchodilators, was also 
strongly associated with the primary outcome. Similar 
risk factors were observed for asthma-related ICU 
admissions. The key potentially modifiable or treatable 
risk factors were smoking in adolescents and adults (PAF 
6.8%, 95% CI 0.9% to 12.3% and 4.3%, 95% CI 3.0% 
to 5.7%, respectively), and obesity (PAF 23.3%, 95% CI 
20.5% to 26.1%), depression (11.1%, 95% CI 9.1% to 
13.1%), gastro-oesophageal reflux disease (2.3%, 95% 
CI 1.2% to 3.4%), anxiety (2.0%, 95% CI 0.5% to 3.6%) 
and chronic rhinosinusitis (0.8%, 95% CI 0.3% to 1.3%) 
in adults.
Conclusions  There are significant sociodemographic 
inequalities in the rates of asthma-related hospital and 
ICU admissions. Treating age-specific modifiable risk 
factors should be considered an integral part of asthma 
management, which could potentially reduce the rate of 
avoidable hospital admissions.

INTRODUCTION
Asthma is the most common chronic respira-
tory disease affecting children and adults with 
an estimated worldwide prevalence of 10% 
and affecting over 600 million people in 2019.1 
The UK has one of the highest prevalences of 
asthma and associated morbidity and mortality 
in Western Europe, accounting for over 1000 
deaths and 60 000 emergency hospital admis-
sions per year.2 3 This has resulted in a signif-
icant and preventable health and economic 
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burden that accounts for 200 000 bed days and costs the 
UK National Health Service £1.1 billion per year.3 Despite 
efforts to improve the management of asthma through 
the implementation of national clinical guidelines,4 and 
publication of the National Asthma Death Review recom-
mendations,5 there has been little reduction in asthma 
attacks across all age groups in the UK.6

Asthma attacks severe enough to require hospital 
admission often indicate poor management of modifi-
able risk factors, including comorbidities.7 8 This includes 
factors such as exposure to secondhand smoke and 
the presence of atopic diseases.9 However, risk factors 
contributing to asthma attacks have not been studied 
across paediatric and adult populations simultaneously 
in a large representative sample. Furthermore, asthma 
management guidelines advise stepping up medications 
to improve control but there is relatively little emphasis 
on addressing modifiable risk factors and comorbidities 
at each step of the treatment pathway. Identification of 
age-specific risk factors from a large dataset will support 
the development of targeted interventions to prevent 
severe asthma attacks across the life course.

The study aimed to investigate risk factors associated 
with asthma-related hospitalisations and intensive care 
unit (ICU) admissions. The specific objectives were to 
estimate the incidence rates of asthma-related hospital 
and intensive care admissions in children, adolescents 
and adults, estimate the association between demo-
graphic and clinical risk factors and these outcomes, and 
estimate the proportion of hospital admissions that could 
be prevented by addressing key modifiable risk factors.

METHODS
Setting, data source and analysis
UK primary care records were extracted from the Clin-
ical Practice Research Datalink (CPRD) Aurum database 
with linked Hospital Episode Statistics (HES) Admitted 
Patient Care (APC) data10 for the period from 1 January 
2017 to 31 December 2019. General practices contrib-
uting to CPRD Aurum cover approximately 19% of the 
UK population, all of which use the EMIS clinical informa-
tion system which uses Systematized Medical Nomencla-
ture for Medicine–Clinical Terminology (SNOMED-CT) 
terms to code clinical data, and drug codes linked to the 
British National Formulary to code drug prescriptions.11 
CPRD Aurum holds data for over 13 million currently 
registered patients.12 Over 90% of the data held within 
CPRD Aurum is linked to the HES database, which codes 
diagnoses using International Classification of Diseases 
10th Revision (ICD-10) codes.13 Data were extracted 
using the Data Extraction for Epidemiological Research14 
tool and the analyses were undertaken using Stata SE 
V.16 and RStudio.

Population
General practices that had contributed data to CPRD 
Aurum for at least 1 year prior to the index date (1 January 

2017) were included in the study. Data were extracted 
for patients aged 5 years and older with a diagnosis of 
asthma registered with an eligible general practice for at 
least 1 year prior to the index date. Asthma was defined 
as the presence of a SNOMED-CT code for asthma, as 
listed in online supplemental table 1. The SNOMED-CT 
terms were selected using a systematic process with clin-
ical input that involved checking existing code lists used 
by our research team, checking published code lists, 
searching the SNOMED-CT terminology browser and 
searching using free-text terms for asthma within an 
in-house software tool called Code Builder.

Patients with chronic obstructive pulmonary disease 
(COPD), bronchiectasis, obstructive sleep apnoea or 
interstitial lung disease were excluded to prevent misclas-
sification of the primary diagnosis for hospitalisation. All 
patients were followed up from the index date (1 January 
2017) and follow-up was terminated at the earliest of 
death, exit from the database (patient left the practice or 
the practice stopped contributing to the database) or the 
study end date (31 December 2019).

Outcomes
The primary outcome was hospital admissions for asthma, 
assessed using linked secondary care (HES APC) data. 
Asthma admissions were defined as hospital admissions 
with associated ICD-10 asthma diagnosis codes J45 and 
J46 as the primary diagnostic code for the admission. The 
secondary outcome was asthma-related ICU admissions.

Demographic and clinical risk factors
The baseline patient demographic characteristics and 
behavioural risk factors extracted prior to the index date 
included age, sex, ethnic group, socioeconomic status 
(measured using the Index of Multiple Deprivation 
quintile (IMD)),15 body mass index (BMI) and smoking 
status. The comorbidities extracted included atopic 
diseases (allergies, atopic eczema and allergic rhinitis), 
gastro-oesophageal reflux disease (GORD), chronic 
rhinosinusitis and mental health disorders (anxiety and 
depression). Asthma-related prescriptions within 1 year 
prior to the index date were also extracted including 
short-acting bronchodilators (SABA), oral corticoster-
oids (OCS), inhaled corticosteroids (ICS), long-acting 
beta-2 agonists (LABA), long-acting muscarinic antago-
nists (LAMA), leukotriene receptor antagonists (LTRA) 
and influenza vaccination.

Statistical methods
The cohort was stratified into children aged 5–11 years, 
adolescents aged 12– 17 years and adults aged 18 years 
and older. Descriptive statistics were used to describe 
the characteristics of the cohort. The incidence rates for 
asthma-related hospital and ICU admissions were calcu-
lated and stratified by age group. Partially adjusted and 
fully adjusted negative binomial regression models were 
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used to estimate the incidence rate ratios (IRR) and 
their 95% CIs for the association between the primary 
and secondary outcomes and demographic and clinical 
factors (see online supplemental appendix 1).

Three separate multivariable models were synthesised 
(model 1, model 2 and model 3) to adjust for a range of 
different covariates. The covariates included in model 1 
were age (for adults only), sex, ethnic group, socioeco-
nomic status, BMI and smoking status (for adolescents 
and adults only). Model 2 additionally included comor-
bidities (allergies, atopic eczema, allergic rhinitis, GORD, 
chronic rhinosinusitis, anxiety and depression). Model 
3 additionally included asthma-related prescriptions 
(SABA, OCS, ICS, LABA, LAMA, LTRA and influenza 
vaccination). General practice was added as a random 
effect due to the potential variability in asthma treat-
ment between general practices, such as differences in 
prescribing.

The population attributable fraction (PAF) was calcu-
lated to estimate the proportional reduction in asthma-
related hospital admissions that would occur if exposure 
to the selected risk factors were eliminated from all 
people with asthma in a hypothetical scenario.16 The PAF 
was calculated by fitting a fully adjusted negative bino-
mial regression model (model 3) to estimate the IRR for 
the association between the primary outcome and demo-
graphic and clinical factors for each age group, before 
calculating the population unattributable fraction and 
subtracting the value and its confidence limits from 1 to 
obtain the PAFs.16 The PAF was only calculated for modi-
fiable risk factors or treatable comorbidities that had 
statistically significant IRRs above 1.

Study size
All eligible patients with asthma aged 5 years and above 
in the CPRD Aurum database were included. The sample 
size was determined by the available data.

Missing data
Missing data were addressed by creating a separate 
‘missing’ category for each binary or categorical variable, 
including ethnicity, IMD quintile, BMI and smoking 
status. This method was chosen to retain patient data and 
avoid introducing any biases by omitting patients with 
missing data from the analyses. The absence of clinical 
codes for diagnoses or drug treatment codes was taken to 
indicate the absence of the condition or drug.

Patient and public involvement
Patients and members of the public were not involved in 
the design or conduct of the study.

RESULTS
Baseline characteristics
1 385 326 patients were included in the study, comprising 
90 989 children, 114 927 adolescents and 1 179 410 adults 

(figure  1). The mean follow-up was 2.7 years. Baseline 
characteristics, stratified by age group, are summarised 
in table 1.

Incidence rates of primary and secondary outcomes
2898 of 90 989 (3.2%) children, 1422 of 114 927 (1.2%) 
adolescents and 13 186 of 1 179 410 (1.1%) adults expe-
rienced at least one asthma-related hospital admission 
during the 3-year follow-up period (online supplemental 
figure 1). Asthma-related hospital admission rates were 
highest in children (20.1 per 1000 person-years, 95% CI 
19.5 to 20.6), followed by adolescents (10.1, 95% CI 9.7 
to 10.4) and adults (6.9, 95% CI 6.8 to 7.0) (table  2). 
Similarly, ICU admissions were higher in children (0.5 
per 1000 person-years, 95% CI 0.5 to 0.6) compared with 
adolescents (0.3, 95% CI 0.2 to 0.4) and adults (0.2, 95% 
CI 0.1 to 0.2) (table 2).

Risk factors for asthma-related hospital admissions
The association between demographic and clinical risk 
factors and the risk of asthma-related hospital admissions 
is shown in figures  2–4. Younger patients with asthma 
generally had a higher risk of asthma-related hospital 
admissions than older patients, except in patients aged 
80 years and older, whose risk was similar to those aged 
18–24 years (online supplemental table 2c). Females had 
a higher risk than males (IRR 1.83, 95% CI 1.61 to 2.08 
in adolescents and 1.61, 95% CI 1.54 to 1.68 in adults) 
(online supplemental table 2b,c, respectively).

Patients from ethnic minority groups were at increased 
risk of hospital admissions compared with patients from 
white ethnic groups. This was particularly prominent 
among those from black ethnic minority groups, who had 
an almost twofold increased risk compared with white 
patients among children and adolescents (IRR 1.91, 
95% CI 1.58 to 2.30 in children and 1.74, 95% CI 1.31 
to 2.32 in adolescents) (online supplemental table 2a,b, 
respectively). There was also a socioeconomic gradient in 
risk, with those from the most deprived quintile having 
between a 43% and 52% (depending on age group) rela-
tive increase in the rate of asthma-related hospital admis-
sions compared with patients from the most affluent 
quintile.

Smoking was associated with an increased risk in 
adolescents (IRR 1.26, 95% CI 1.05 to 1.53 for former 
smokers compared with non-smokers) and adults (1.19, 
95% CI 1.12 to 1.25 for current smokers). Approximately 
7% of asthma-related hospital admissions in adolescents 
(PAF 6.8%, 95% CI 0.9% to 12.3%) and 4% in adults 
(PAF 4.3%, 95% CI 3.0% to 5.7%), could potentially be 
prevented by eliminating smoking (online supplemental 
table 3).

In adults, BMI was significantly associated with the 
risk of asthma-related hospital admissions. Being under-
weight (IRR 1.21, 95% CI 1.06 to 1.38), overweight (1.12, 
95% CI 1.06 to 1.18) and obese (1.51, 95% CI 1.43 to 
1.59) were all associated with an increased risk compared 
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with those with a normal BMI. Eliminating obesity in the 
adult population could potentially prevent a fifth of all 
asthma-related hospital admissions (PAF 23.3%, 95% CI 
20.5% to 26.1%).

Allergies and atopic conditions (atopic eczema, 
allergic rhinitis) were associated with an increased 
risk in all age groups. In adults, comorbidities had a 

greater associated risk with asthma-related hospital 
admissions, particularly with depression (IRR 1.28, 
95% CI 1.22 to 1.34), chronic rhinosinusitis (1.21, 
95% CI 1.08 to 1.35), GORD (1.14, 1.07 to 1.20) and 
anxiety (1.07, 95% CI 1.02 to 1.12). Depression poten-
tially contributed to 11% of all asthma-related hospital 
admissions in adults (11.1%, 95% CI 9.1% to 13.1%).

 
Figure 1  Participant flow diagram. CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics.
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Table 1  Baseline characteristics

Characteristic
Children
(n=90 989)

Adolescents
(n=114 927)

Adults
(n=1 179 410)

Age (years), median (IQR) 9.1 (7.4–10.6) 15.5 (13.5–16.5) 41.5 (29.5–56.5)

Age categories (years), n (%)

 � 18–24 – – 175 957 (14.9)

 � 25–39 – – 375 254 (31.8)

 � 40–59 – – 392 801 (33.3)

 � 60–79 – – 192 344 (16.3)

 � ≥80 – – 43 054 (3.7)

Sex, n (%)

 � Male 54 559 (60.0) 67 825 (59.0) 555 856 (47.1)

 � Female 36 430 (40.0) 47 102 (41.0) 623 554 (52.9)

Ethnicity

 � White 55 659 (61.2) 56 275 (49.0) 780 056 (66.1)

 � Black 4252 (4.7) 4527 (3.9) 29 490 (2.5)

 � Mixed 3386 (3.7) 2905 (2.5) 17 803 (1.5)

 � Asian 9834 (10.8) 9392 (8.2) 68 409 (5.8)

 � Other 1375 (1.5) 1260 (1.1) 11 304 (1.0)

 � Missing 16 483 (18.1) 40 568 (35.3) 272 348 (23.1)

IMD score, n (%)

 � 1—least deprived 17 312 (19.0) 22 938 (20.0) 253 814 (21.5)

 � 2 15 788 (17.4) 20 923 (18.2) 239 399 (20.3)

 � 3 15 681 (17.2) 20 377 (17.7) 226 015 (19.2)

 � 4 18 686 (20.5) 23 186 (20.2) 233 339 (19.8)

 � 5—most deprived 23 470 (25.8) 27 404 (23.8) 225 673 (19.1)

 � Missing 52 (0.1) 99 (0.1) 1170 (0.1)

BMI, n (%)

 � Underweight 5454 (6.0) 15 859 (13.8) 34 438 (2.9)

 � Normal weight 31 496 (34.6) 37 788 (32.9) 379 089 (32.1)

 � Overweight 7151 (7.9) 10 889 (9.5) 334 266 (28.3)

 � Obese 3216 (3.5) 5604 (4.9) 297 323 (25.2)

 � Missing 43 672 (48.0) 44 787 (39.0) 134 294 (11.4)

Smoking status, n (%)

 � Current smoker – 11 749 (10.2) 324 947 (27.6)

 � Former smoker – 11 970 (10.4) 439 116 (37.2)

 � Never smoked – 60 832 (52.9) 397 038 (33.7)

 � Missing 30 376 (26.4) 18 309 (1.6)

Comorbidities, n (%)

 � Allergies 18 457 (20.3) 29 658 (25.8) 317 054 (26.9)

 � Atopic eczema 40 808 (44.9) 51 067 (44.4) 317 822 (27.0)

 � Allergic rhinitis 14 963 (16.4) 29 492 (25.7) 320 075 (27.1)

 � Gastro-oesophageal reflux disease 5235 (5.8) 3503 (3.1) 119 111 (10.1)

 � Chronic rhinosinusitis 66 (0.1) 243 (0.2) 27 039 (2.3)

 � Anxiety 946 (1.0) 5552 (4.8) 260 258 (22.1)

 � Depression 917 (1.0) 2949 (2.6) 357 277 (30.3)

Medication use, n (%)

Continued
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Across all age group, asthma medication prescrip-
tions issued in the previous year were strongly associ-
ated with an increased risk of asthma-related hospital 
admissions. This was seen most prominently in those 
with prior SABA prescriptions. For example, children 
who had received more than six SABA prescriptions 
in the previous year had a fivefold increased risk in 
hospital admission compared with those who had not 
received any (IRR 4.97, 95% CI 4.06 to 6.09) (online 
supplemental table 2a). Similar trends were seen in 
adolescents and adults and were also seen for other 
asthma medications such as oral and ICS.

Risk factors for ICU admissions
Younger age was associated with a higher risk of 
asthma-related ICU admissions. Among adults, the 
highest asthma-related ICU admission was in the 

18–25 years age group. Adolescent females were at 
increased risk of asthma-related ICU admissions 
compared with males (IRR 1.54, 95% CI 1.00 to 2.36) 
(online supplemental table 4b). Similar trends were 
seen in adults (1.46, 95% CI 1.17 to 1.81) (online 
supplemental table 4c) but not in children (online 
supplemental table 4a).

Among ethnic groups, black patients had the highest 
risk of asthma-related hospital admissions (IRR 4.07, 
95% CI 2.35 to 7.05 in children, 3.51, 95% CI 1.62 to 
7.59 in adolescents and 2.69, 95% CI 1.75 to 4.13 in 
adults). Socioeconomic deprivation was also associ-
ated with an increased risk in children with those in 
the most deprived quintile having a 98% increased 
risk (IRR 1.98, 95% CI 1.03 to 3.79) compared with 
those in the least deprived quintile. These trends were 
not statistically significant in adolescents or adults.

Characteristic
Children
(n=90 989)

Adolescents
(n=114 927)

Adults
(n=1 179 410)

 � SABA 59 321 (65.2) 52 212 (45.4) 464 123 (39.4)

 � SABA prescriptions within last year

 � 0 31 668 (34.8) 62 715 (54.6) 715 287 (60.7)

 � 1–3 42 416 (46.6) 37 236 (32.4) 288 395 (24.5)

 � 4–6 11 390 (12.5) 8822 (7.7) 90 047 (7.6)

 � ≥7 5515 (6.1) 6154 (5.4) 85 681 (7.3)

 � OCS 10 476 (11.5) 6333 (5.5) 114 033 (9.7)

 � ICS 48 865 (53.7) 39 549 (34.4) 445 349 (37.8)

 � LABA 938 (1.0) 1245 (1.1) 59 643 (5.1)

LAMA 0 (0) 6 (0.01) 7628 (0.7)

LTRA 9404 (10.3) 4920 (4.3) 33 247 (2.8)

Influenza vaccine 33 464 (36.8) 22 256 (19.4) 389 583 (33.0)

BMI, body mass index; ICS, inhaled corticosteroid; IMD, Index of Multiple Deprivation; LABA, Long-acting beta-2 agonists; LAMA, long-
acting muscarinic antagonists; LTRA, leukotriene receptor antagonists; OCS, oral corticosteroid; SABA, short acting beta-2 agonist.

Table 1  Continued

Table 2  Incidence rates of the primary and secondary outcomes

Outcome 5–11 years 12–17 years ≥18 years

Asthma-related hospital admissions

 � Incident asthma-related hospital 
admissions

5105 3228 21 925

 � Person years 254 526 320 086 3 184 183

 � Incidence rate (per 1000 person years) 20.06 (95% CI 19.51 to 
20.61)

10.08 (95% CI 9.74 to 
10.44)

6.89 (95% CI 6.79 to 
6.98)

Asthma-related ICU admissions

 � Incident asthma-related ICU admissions 137 92 474

 � Person years 254 526 320 086 3 184 183

 � Incidence rate (per 1000 person years) 0.54 (95% CI 0.45 to 0.64) 0.29 (95% CI 0.23 to 0.35) 0.15 (95% CI 0.14 to 
0.16)

ICU, intensive care unit.
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The only comorbidity associated with an increased 
rate of ICU admissions was depression in adults, 
which was associated with a 60% increased risk (1.60, 
95% CI 1.28 to 2.00). Similar to the trend for hospital 
admissions, previous asthma medication prescrip-
tions, including SABAs were associated with a signifi-
cantly increased risk of ICU admissions. For example, 
in children, seven or more SABA prescriptions in the 
previous year were associated with an approximately 
sevenfold increase in risk compared with those who 
had not received any (IRR 6.97, 95% CI 2.91 to 16.68). 
Similar associations were also seen for other asthma-
related medications prescribed in the previous year in 
all age groups.

DISCUSSION
Main findings
Our analysis of over one million patients with a diagnosis 
of asthma in their primary care record showed that there 
are significant demographic disparities in the risk of 
asthma-related hospital and ICU admissions in England. 
Our analysis also shows an association between behav-
ioural risk factors, comorbidities, and medication history, 
and the risk of these adverse outcomes. Furthermore, 
these associations vary across the life course.

Younger age groups were typically at higher risk of 
asthma-related hospital admissions than older adults. 
Females were at higher risk than males, except in chil-
dren. Ethnic minority groups were at greater risk than 
patients from white ethnic groups, with those from 

 
Figure 2  Forest plot showing adjusted IRR for hospital admissions among children. BMI, body mass index.
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black ethnic minority groups being at the highest risk, 
including for ICU admissions. Socioeconomic depriva-
tion was also an important risk factor.

Smoking in adults and adolescents was an important 
behavioural risk factor, the elimination of which could 
theoretically prevent 7% of hospital admissions in adoles-
cents and 4% in adults. Obesity was a significant risk 
factor in adults, potentially contributing to over a fifth of 
hospital admissions in this age group.

Atopic diseases were associated with an increased risk 
of hospital admissions across all age groups. However, our 
analysis suggests that comorbidities play a more signif-
icant role in adverse outcomes in adults, where signifi-
cant associations with hospital admissions were found for 
several conditions including depression, anxiety, GORD 
and rhinosinusitis.

Across all age groups, prior asthma medication history 
was associated with an increased risk of both hospital and 
ICU admissions. This could be seen most clearly with an 
increasing number of SABA prescriptions but was also 
seen for several other asthma medications, which is likely 
to reflect increasing disease severity and potentially poor 
medication compliance.

Relationship to other studies
Some previous studies have demonstrated an increasing 
risk of hospital admissions, readmissions and severe 
exacerbations with age.17 18 In unadjusted analyses, we 
found a similar association; however, after adjusting for 
demographic and behavioural confounders, our find-
ings showed that the highest incidence rates for hospital 

 
Figure 3  Forest plot showing adjusted IRR for hospital admissions among adolescents. BMI, body mass index.
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and ICU admissions are in children and adolescents. 
Among adults, the risk of hospitalisation decreased with 
increasing age up until 80 years and older, when the risk 
was similar to those aged 18–24 years.

Ethnic disparities in asthma-related hospital admissions 
and readmissions have been found in several previous 
studies, particularly in patients from black ethnic minority 
groups who appear to have the highest risk.19–21 Differ-
ences in socioeconomic status and access to health and 
poor living conditions may partially explain these ethnic 
disparities. Beck et al found that social hardships and 
socioeconomic status explained approximately 40%–50% 
of the racial disparity observed for paediatric asthma-
related hospital admissions in one study in the USA.21 In 
addition, higher BMI, airway inflammatory responses to 
early life exposures and genetic predisposition have been 

implicated in increasing the risk of asthma exacerbations 
in ethnic minority children.22

Several studies have previously demonstrated that 
increased socioeconomic deprivation is a risk factor for 
asthma-related hospital admissions and readmissions in 
children and adults.23–25 The risk of hospital admissions 
has previously been shown to be between one and two 
times higher in those who are most deprived compared 
with those who are least. This is consistent with the find-
ings from our study and may be explained by the many 
adverse factors that are associated with low socioeco-
nomic status such as poor housing conditions,26 which 
may be particularly marked in urban areas.24

Studies have investigated the association between expo-
sure to tobacco smoke and risk of hospitalisation, read-
mission and severe asthma exacerbations.27–29 Two studies 

 
Figure 4  Forest plot showing adjusted IRR for hospital admissions among adults. BMI, body mass index.
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found that detectable serum or salivary cotinine was 
significantly associated with a 59% and 135% increase in 
asthma-related hospital readmissions, respectively,30 and 
a 40% increase in severe asthma exacerbations (defined 
as hospitalisation, emergency department (ED) visit or 
prescription of an OCS).31

Several studies have found that obesity is associated 
with an up to fourfold increased risk of asthma-related 
hospitalisations and readmissions in children and 
adults,27–29 whereas in our study, we only found this asso-
ciation in adults. The lack of association between obesity 
and asthma-related hospitalisations in younger people in 
our study could be partly attributable to the high level of 
missing BMI data for children and adolescents. However, 
a meta-analysis of observational studies similarly found 
that overweight and obesity are not associated with 
asthma-related hospitalisations in children and adoles-
cents.32 The association between obesity and increased 
risk in hospital admissions in adults may be explained 
by the inflammatory effects of obesity and the impact 
on airway calibre and bronchial hyper-reactivity.33–35 
However, it is also possible that this association is at least 
partly mediated by obesity being a risk factor for GORD, 
which may worsen asthma outcomes.

An association between affective disorders, such as 
anxiety and depression, and the risk of asthma-related 
ED visits and hospitalisations, has been observed in some 
studies.27–29 However, there is a scarcity of literature on 
the role of depressive disorders in children and young 
people, which may be partly due to depressive symptoms 
being relatively undiagnosed or untreated in younger 
age groups.32–34 Furthermore, the relationship between 
asthma and affective disorders is likely to be bidirectional, 
adding further complexity to modelling the association 
between mental health disorders and asthma outcomes.

The presence of allergies or atopic illnesses was associ-
ated with asthma-related hospitalisations in all three age 
groups in our study. The role of allergens in triggering 
IgE-mediated inflammation, eosinophilia and release of 
inflammatory cytokines, to promote airway inflammation 
and bronchial mucous hypersecretion in asthma, is well 
established.36 However, the evaluation of allergy is usually 
only performed in patients with severe asthma. Our find-
ings suggest that more effective management of allergies 
may contribute to reducing asthma-related hospitalisa-
tion in children and adults.37–39 However, in practice, it 
can often be challenging to reduce allergic exposures.

A recent systematic review and meta-analysis of observa-
tional studies showed that GORD is a risk factor for severe 
asthma.35 The findings from the meta-analysis showed 
that the overall odds of severe asthma exacerbations were 
27% higher in those with GORD. Furthermore, children 
with GORD were more at risk of severe asthma exacer-
bations than adults.35 This is in contrast to our study, 
which found an increased risk in asthma-related hospital-
isations associated with GORD only in adults and not in 
children or adolescents. This may potentially be due to 
under recognition of GORD in children and adolescents, 

leading to exposure misclassification bias in our analysis 
and dilution of the associated effect size. However, it is 
also possible that GORD plays a more dominant role in 
asthma outcomes in adults, in which it is a more common 
comorbidity and may be less significant in children. We 
would expect GORD to be associated with worse asthma 
control since acid reflux can induce cough and induce 
airway inflammation through pulmonary aspiration, 
and vagus-mediated bronchoconstriction may occur 
in response to reflux, worsening asthma symptoms.40 
However, it remains unclear whether treating GORD has 
a significant impact on asthma exacerbations.

There are a number of studies in the literature 
which support our findings that previous use of 
SABAs and OCS are associated with an increased risk 
of hospital admissions.19 41 42 The use of three or more 
SABA inhalers per year has been associated with up to 
a fivefold increase in risk of asthma exacerbations.19 43 
Medication burden in general is a marker of poor 
asthma control, potentially poor medication compli-
ance and greater disease severity.44 A longitudinal 
study which followed over 1000 New Zealanders from 
birth to 26 years of age similarly found that asthma-
related hospital admissions were overall more likely 
in patients who had been treated with a SABA, ICS or 
any other asthma medication, which is in keeping with 
our findings.45

Strengths and limitations
Our study used linked primary and secondary care 
data from over a million patients with diagnosed 
asthma, making this one of the largest analyses of 
asthma-related hospital and ICU admissions. The 
large sample size provided adequate power to investi-
gate several important risk factors and stratify analyses 
by age subgroups. We evaluated a range of risk factors 
and estimated PAFs for key modifiable risk factors. 
This enabled us to identify the most important risk 
factors responsible for these outcomes at a population 
level.

There were also several limitations. First, asthma 
is commonly misdiagnosed in primary care.46 We 
defined asthma as a coded diagnosis using prespeci-
fied SNOMED-CT terms that had been systematically 
selected. However, studies have demonstrated that 
asthma can be accurately defined within electronic 
health record data.47 In addition, there may also be 
misclassification bias in the coding of asthma-related 
hospital admissions, as exacerbations could be due to 
other comorbidities with overlapping symptoms, such 
as heart failure. However, we attempted to limit this by 
excluding patients with common chronic respiratory 
diseases such as COPD, which might otherwise present 
similarly to asthma during acute exacerbations.

The study was also limited by the lack of data on 
some key risk factors, such as BMI and smoking status 
in children and adolescents, as well as lacking data on 
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environmental risk factors such as air quality, including 
data on secondhand smoke exposure. Furthermore, 
some conditions such as depression and anxiety may 
be underdiagnosed in children and adolescents, thus 
making them underrepresented in our dataset.34 We 
also lacked data on key physiological measures such 
as peak expiratory flow rate, spirometry, airway eosin-
ophilia, fractional exhaled nitric oxide and other 
physiological measures of disease severity or patient-
reported outcome measures.

Drug prescriptions were modelled on individual 
medicinal components, and we did not model poten-
tial interactions between drug constituents from dual 
therapy inhalers. In addition, although we had accu-
rate data on prescriptions, we did not have data on 
medication compliance.

Moreover, our statistical models did not incorporate 
interactions between the included risk factors. Incor-
poration of interaction terms increases the complexity 
of statistical models and reduces their interpretability. 
We were principally interested in assessing the associ-
ation between potentially modifiable risk factors and 
the risk of hospital admissions, and therefore, kept 
our models as parsimonious as possible. However, 
future research aiming to produce predictive models 
of asthma admissions should ideally explore interac-
tions between the risk factors presented in this study.

This study did not use directed acyclic graphs 
(DAGs) to model the causal relationship between 
the various risk factors explored. Future research 
could employ DAGs to model the causal relation-
ships between the risk factors explored in this study. 
Given causal diagrams were not used to build the 
regression models, a degree of overadjustment bias 
is possible. Although we have indicated that elimi-
nating or treating risk factors has the potential to 
reduce asthma-related hospital admissions, further 
research is needed to determine whether treating or 
preventing these risk factors leads to a reduction in 
exacerbations.

Finally, although we were able to include outcome 
data on hospital and ICU admissions, we did not have 
access to data on ED attendances, which also consti-
tutes an important measure of asthma control and 
secondary care use.

Implications for practice, policy and future research
Our study provides novel insights into age specific risk 
factors and population groups experiencing severe 
asthma exacerbations requiring hospital and ICU 
admission. These disparities require urgent atten-
tion through a whole system approach to promote 
improvements in asthma management in disadvan-
taged population groups.

We have provided estimates of the proportion 
of asthma-related hospital admissions that could 
potentially be prevented by eliminating modifiable 

risk factors. Our findings suggest that treating aller-
gies and atopic conditions should be considered an 
important component of asthma management and has 
the potential to significantly reduce asthma-related 
hospital admissions in all age groups. In adolescents 
and adults, smoking cessation also has the potential 
to significantly reduce hospital admissions, empha-
sising the need to integrate smoking cessation with 
asthma care. In adults, supporting weight manage-
ment and treating comorbid depression, anxiety and 
GORD should also be considered an integral part 
of general asthma management as they are likely to 
significantly contribute to avoidable asthma-related 
hospital admissions.

We also show the importance of medication burden 
as a key measure of poor asthma control. In addition 
to monitoring SABA prescriptions, clinicians should 
also monitor the prescription frequency of other 
asthma medications. Specifically, patients prescribed 
three or more salbutamol inhalers in the previous 
12 months should be reviewed promptly to opti-
mise asthma management. Confirming the asthma 
diagnosis, demonstrating good inhaler technique, 
and emphasising adherence to preventative thera-
pies such as ICS could improve asthma control and 
reduce over reliance on short-acting bronchodilators. 
High medication burden should be considered an 
important measure of disease severity and predictor 
of asthma-related hospital and ICU admissions. 
Measures of global asthma medication burden, incor-
porating the findings of this study, could be used by 
electronic prescribing systems to highlight high-risk 
patients requiring regular review and support.

CONCLUSIONS
There remain significant sociodemographic inequal-
ities in the rates of asthma-related hospital and ICU 
admissions, with younger patients, females and those 
from black ethnic minority and lower socioeconomic 
groups being at the highest risk. The management of 
modifiable risk factors such as smoking and obesity 
and the treatment of comorbidities, including atopic 
diseases, depression, anxiety and GORD should be 
integrated with the clinical management of asthma. 
Finally, asthma medication burden is an important 
prognostic measure of asthma severity that could be 
used for disease monitoring.
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