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Highlight box 

What is already known? (35 words max) 

Differences in comorbidities by age of asthma onset have been reported but most of these studies had 

modest sample sizes, were restricted to one single patient population, and did not differentiate between 

adult-onset asthma and late-onset asthma 

What does this study add? (35 words max) 

Patient characteristics and comorbidities vary by age of asthma onset. Furthermore, the age of onset 

and the level of asthma control are inversely related.  

How will it affect current guidelines? (35 words max) 

As age at asthma onset helps to phenotype asthma, the age of asthma onset should be considered 

when assessing asthma control and asthma management.  

Keywords  

asthma – age at onset – adults – general population – comorbidity – epidemiology –exacerbations  

Abbreviations 

OR = odds ratio  

IPCI =the Integrated Primary Care Information Project 

HSD = the Health Search Database 

CPRD = Clinical Practice Research Datalink  

SIDIAP = Sistema d'Informació per al Desenvolupament de la Investigació en Atenció Primària 

ENCePP = European Network of Centres for Pharmacoepidemiology and Pharmacovigilance  

ICS  = inhaled corticosteroids  

SABA  = short-acting β2 agonists  

LABA  = long-acting β2 agonists  

LTRA  = leukotriene modifiers  

SAMA  = short-acting muscarinic antagonists  

ATC  = Anatomical Chemical Classification  

ACO  = asthma and COPD overlap  

DM  = diabetes mellitus  

GERD  = gastro-oesophageal reflux disease  
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GINA = Global Initiative for Asthma 

COPD = chronic obstructive pulmonary disease  
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Abstract  

Background: Asthma can occur at any age but the differences in patient characteristics between 

childhood-, adult- and late-onset asthma are not well understood.  

Objective: To investigate differences in patients characteristics by age at asthma onset.  

Methods: From five European electronic databases we created a cohort encompassing adult patients 

with doctor-diagnosed asthma in 2008-2013. Patients were categorized based on their age at asthma 

onset: childhood-onset (age at onset < 18 years), adult-onset (age at onset 18-40 years) and late-onset 

asthma (age at onset >=40 years). Comorbidities were assessed at study entry. For each characteristic 

and comorbidity, odds ratios (OR) and age- and sex-adjusted OR(ORadj) comparing asthma onset 

categories were estimated per database and combined in a meta-analysis using a random effect model. 

Results: In total, 586,436 adult asthma patients were included, 81,691 had childhood-onset, 218,184 

adult-onset and 286,561 late-onset asthma. Overall, 7.3% had severe asthma. Subjects with adult-

onset compared to childhood-asthma had higher risks for overweight/obesity (ORadj 1.4, 95%CI 1.1-

1.8) and lower risks for atopic disorders (ORadj 0.8, 95% CI 0.7-0.95). Patients with late-onset compared 

to adult-onset asthma had higher risks for nasal polyposis (ORadj 1.8, 95%CI 1.2-2.6), 

overweight/obesity (ORadj 1.3, 95%CI 1.2-1.4), gastro-oesophageal reflux disease (ORadj 1.4, 95%CI 

1.2-1.7) and diabetes (ORadj 2.3, 95%CI 1.8-2.9). A significant association between late-onset asthma 

and uncontrolled asthma was observed (ORadj 2.8, 95%CI 1.7-4.5)). 

Conclusion This international study demonstrates clear differences in comorbidities between 

childhood-, adult-, and late-onset asthma phenotypes in adults. Furthermore patients with late-onset 

asthma had more often uncontrolled asthma. 

Funding: Unconditional research grant by GSK(PRJ2284). 
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Introduction 

Asthma is an inflammatory chronic respiratory disease, and affects approximately 5% of the adult 

population, with a lifetime risk of 34%. (1-3) Patients with asthma suffer from variable reversible airflow 

obstruction resulting in dyspnea, limitation of activity and/or productivity and impaired quality of life (4-6).  

In the diagnosis and treatment of asthma it is important to acknowledge its heterogeneous nature; 

asthma is regarded as an umbrella term for multiple phenotypes (i.e. observable properties) (3, 7, 8). In 

current literature the age of onset, namely the age of first manifestation of the disease, has been 

regarded as an important and clearly distinguishable marker for asthma phenotyping (9-13). The definition 

of the age of asthma onset categories varies between literature, but is usually viewed as “childhood-

onset” or “adult-onset” (with various cut-off points such as 12, 16 or 18 years) and the more recent 

identified “late-onset” phenotype (from the age of 40 onwards) (11). The clinical relevance of the age of 

onset is reflected in asthma prognosis (e.g. lung function decline is steeper in persistent childhood onset 

asthma (10) and differences in treatment response (e.g. in a RCT of reslizumab vs. placebo, the reduction 

of asthma exacerbations in patients treated with reslizumab was higher in patients with late versus 

early-onset asthma (14).  

Although other research groups already investigated differences in patient characteristics in relation to 

age at asthma onset, most of these studies had modest sample sizes, were restricted to one single 

patient population, and did not differentiate between adult-onset asthma and late-onset asthma. Few 

studies corrected for differences in age at time of observation (11, 12, 15-17). This age adjustment is 

important when exploring the interaction between age at asthma onset and prevalence of comorbidities 

of interest. Insight in the relation between asthma onset and comorbidities is needed as comorbidities 

can affect asthma control, the severity of asthma, the optimal choice of asthma treatment and treatment 

response (18).  

We therefore investigated differences in patient characteristics in terms of demography and asthma 

related comorbidities in three distinct asthma-onset categories - namely childhood-, adult- and late-

onset asthma - both in an overall adult asthma cohort and in a cohort of adult patients with severe 

asthma.  
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Methods 

Design and setting 

For this observational study, we selected asthma cohorts from five different European databases: IPCI 

(the Integrated Primary Care Information Project) from the Netherlands, HSD (the Health Search 

Database) from Italy, CPRD (Clinical Practice Research Datalink) from the UK, SIDIAP (Sistema 

d'Informació per al Desenvolupament de la Investigació en Atenció Primària) from Spain and Aarhus 

(Aarhus University Prescription Database) from Denmark. Details on these databases have been 

described before and are available in the Online Repository (19-24). These databases contain detailed 

information on patient characteristics, drug prescriptions or dispensing, diagnoses, comorbidities and 

measurements (such as laboratory results). All participating databases comply with EU guidelines on 

the use of medical data for research and are registered in the European Network of Centres for 

Pharmacoepidemiology and Pharmacovigilance (ENCePP) database (25). The institutional review 

boards of the respective databases approved the study protocol prior to study initiation.  

Study Population 

A cohort of patients with asthma was established in each database in the study period from 1st of 

January 2008 - 31st December 2013. To enter the cohort, patients needed to be at least 18 years old, 

with a minimum of 1-year database history and at least one asthma specific disease code (Table E4) 

in combination with prescriptions/dispensing of asthma drugs within 3 months before or after the entry 

of the asthma disease code. (26, 27) Asthma drugs consisted of the following: inhaled corticosteroids 

(ICS), short-acting β2 agonists (SABA), long-acting β2 agonists (LABA), fixed combination of ICS+LABA, 

leukotriene modifiers (LTRA), short-acting muscarinic antagonists (SAMA), fixed combination of 

SABA+SAMA, xanthines, systemic corticosteroids for the treatment of asthma and anti-IgE treatment 

(omalizumab). Within the datasources, drugs are coded according to the Anatomical Chemical 

Classification (ATC) code of the WHO and drugs were extracted by an ATC specific search on the drug 

exposure records.(28) Patients diagnosed with asthma and COPD overlap (ACO) were excluded.(29)  

Within the asthma cohort, a sub-cohort of patients with severe asthma was nested. According to 

international guidelines, severe asthma was defined as asthma requiring treatment with high dose ICS 

plus a second asthma controller medication (and/or systemic corticosteroids).(30, 31) To define high dose 

ICS, we used cut-off values as suggested by GINA guidelines. (31) Only those patients who used these 

drugs for a consecutive period of at least 120 days were included in the severe asthma sub-cohort. To 
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account for immortal time bias, the start date of severe asthma was set on day 120 of high dose ICS 

use. 

Onset of asthma 

Based on the age of first asthma diagnosis as documented by the treating physician in the database, 

patients were classified as having either childhood-onset asthma, adult-onset asthma or late-onset 

asthma. Childhood-onset asthma was defined as asthma diagnosis before the age of 18 years, adult-

onset asthma as asthma diagnosis between 18-40 years, and late-onset asthma as asthma diagnosis 

from the age of 40 years onwards. 

Covariates 

On the index date (first date of fulfilling all (sub)cohort criteria), various characteristics and comorbidities 

in the patients’ history were assessed: atopic disorder (allergic rhinitis, allergic conjunctivitis, atopic 

eczema/dermatitis),(32) chronic rhinosinusitis, nasal polyposis, gastro-oesophageal reflux disease 

(GERD), overweight/obesity, diabetes mellitus (DM), smoking status and history of asthma 

exacerbations. Information on these comorbidities was extracted via an automated search on the 

presence of database specific disease codes. (Tables E5-E11). A patient could have a history of more 

than one condition in the past for instance a patient could be labelled as having a history of allergic 

rhinitis as well as chronic rhinosinusitis. Overweight/Obesity was based on either the presence of a 

disease code for overweight/obesity or BMI values of > 25. 

Uncontrolled asthma was defined as ≥ 2 severe asthma exacerbations (i.e. need of a burst of systemic 

corticosteroids, emergency department visit and/or hospitalization for asthma) in the one year prior to 

index date. Information on ER visits and/or hospitalization for asthma exacerbations was assessed 

based on the presence of disease codes or based on information from referral and/or discharge letters 

(HSD, IPCI and SIDIAP) for severe asthma exacerbations. If patients had less than 12 months prior to 

asthma diagnosis or start of severe asthma, 1 exacerbation or more in the 6 months prior fulfilled the 

criterion. We also investigated age and sex as covariates. 

Analysis  
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For each patient characteristic, the difference in prevalence between asthma onset groups was tested, 

using binomial logistic regression models for dichotomous outcomes and multinomial logistic regression 

for the outcome smoking categories. 

As age is an important determinant of several characteristics to be analysed, adjustment for age was 

performed. This was indeed needed as the age at study entry could be different from the age of asthma 

onset, because both incident and prevalent asthma patients were included. For instance a patient with 

childhood onset asthma would only enter the study from the age of 18 onwards as our study population 

only considered adult patients.  

In our dataset, when comparing the groups with childhood- and with late-onset asthma, there was only 

a small overlap of the distributions of age at index date. Therefore, the collinearity between age at index 

date and asthma onset category was too strong to directly compare these two onset groups while also 

adjusting for age. Thus we opted for two separate comparisons: childhood-onset versus adult-onset 

asthma, and adult-onset versus late-onset asthma.  

In all analyses, each of the patient characteristics was used as the outcome and onset group (late-onset 

versus adult-onset asthma and adult-onset versus childhood-onset asthma) was the determinant. 

Models were adjusted for age and sex.  

Estimated ORs from the five databases were meta-analysed using a DerSimonian-Laird random-effects 

model.(33) Statistical analyses were conducted using R software, version 1.1.442, using the R “metafor” 

package for the meta-analyses.(34) 
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Results 

Cohort characteristics 

In total, 586,436 asthma patients were included in the study. 81,691 (14%) of the subjects had 

childhood-onset asthma, 218,184 (37%) had adult-onset asthma and 286,561 (49%) had late-onset 

asthma. The median age at study entry was higher in subjects with late-onset asthma (57-61 years 

depending on the database) than in patients with adult-onset asthma (28-45 years, p-value <0.0001). 

Similarly, median age at study entry was higher in adult-onset asthma vs. childhood-onset asthma 

(median age 20-23 years, p<0.0001) The proportion of females was highest in the late-onset asthmatics 

(61-71%), lower in the adult-onset asthmatics (55-60%) and lowest in the childhood-onset asthmatics 

(41-48%) (p<0.001). (table 1) As the childhood-onset asthma subcohort in the SIDIAP database was 

very small (n=623, 1% of the SIDIAP cohort) this SIDIAP childhood-onset subcohort was excluded from 

all analyses.  

Severe Asthma and Uncontrolled Asthma 

In total, 42,611 patients (7.2%) with severe asthma were included (Table E1). The proportion of severe 

asthma was highest in the late-onset asthma subjects (10%, n=28,309), lower in the adult-onset 

subjects (5%, n=11,884), and lowest in the childhood-onset asthma subjects (3%, n=2,418). (figure 1A) 

The percentage of uncontrolled asthma was 0.4% in childhood-onset asthma, 6% in adult-onset asthma 

and 8% in late-onset asthma. (figure 1B) In patients with severe asthma, depending on the age of onset, 

the proportion of uncontrolled asthma was 4-7%. 

Prevalence of comorbidities 

The most common comorbidities were atopic disorder (31%) and overweight/obesity (50%). The 

prevalence of atopic disorder was highest in subjects with childhood-onset asthma (45%), and 

decreased to 35% in adult-onset and 25% in late-onset asthma, whereas the prevalence of 

overweight/obesity increased from childhood-onset asthma (30%) towards adult-onset asthma (43%) 

and late-onset asthma (61%). Chronic rhinosinusitis, diabetes mellitus, GERD and nasal polyposis were 

less common with prevalence ranging between 2-8%. (figure 2)  

Database specific proportions of severe and uncontrolled asthma and comorbidities are described in 

Table 1. 
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Comparison of asthma onset groups 

Comparing childhood-onset asthma and adult-onset asthma  

Subjects with adult-onset asthma had significantly more uncontrolled asthma compared to subjects with 

childhood-onset asthma (meta-analysis results: OR: 15.8 [95% CI 9.5-26.3], ORadj: 43.1 [95% CI 20.6-

89.8]). Adult-onset asthmatics had significantly less often atopic disorders (ORadj 0.8 [95% CI 0.7-0.9]). 

Patients with adult-onset asthma also more often had nasal polyposis, diabetes mellitus, GERD, and 

overweight/obesity; however, upon age and sex adjustment the only comorbidity which remained 

significantly different was overweight/obesity (ORadj 1.4 [95% CI 1.1-1.8]). In both the crude and the 

adjusted analyses, adult-onset asthmatics were significantly more often current smokers (ORadj 1.5 

[95% CI 1.2-1.9]) or past smokers (ORadj 1.7 [95% CI 1.3-2.2]) than childhood-onset asthmatics. (Table 

2, figure 3 and Figure E1) 

Comparing childhood-onset asthma and adult-onset asthma in the subcohort with 

severe asthma 

In patients with severe asthma, those with adult-onset asthma had significantly more uncontrolled 

asthma compared with childhood-onset asthma (OR: 2.1 [95% CI 1.2-3.5], ORadj: 3.2 [95% CI 1.8-5.8]). 

Severe asthma patients with adult-onset asthma also had significantly more often nasal polyposis, 

diabetes mellitus, GERD and overweight/obesity than severe asthmatics with childhood-onset asthma. 

However, after adjustment only overweight/obesity occurred significantly more often in adult-onset 

asthma (Table E2 and Figure E2).  

Comparing adult-onset asthma and late-onset asthma  

When adjusting for age and sex, subjects with late-onset asthma had significantly more uncontrolled 

asthma than those with adult-onset asthma (ORadj 2.8 [95% CI 1.7-4.5]). Subjects with late-onset 

asthma had less often atopic disorders and were more likely to have chronic rhinosinusitis, although 

these differences did not remain significant after adjustment for age and sex. Compared to adult-onset 

asthma patients, late-onset asthmatics were significantly more likely to have nasal polyposis, diabetes 

mellitus, and GERD, and they were more often obese and past smokers. (Table 2, Figure 3 and Figure 

E3) 

Comparing adult-onset asthma and late-onset asthma within severe asthma 

Jo
urn

al 
Pre-

pro
of



12 
 

In subjects with severe asthma, again the odds of having atopic disorders were lower in those with late-

onset asthma compared to adult-onset asthma, while the odds of nasal polyposis, overweight/obesity, 

diabetes mellitus and GERD were higher for late-onset asthma. The associations remained similar after 

adjustment for age and sex, except that the odds of having atopic disorders in late-onset asthmatics 

was less strong resulting in ORadj of 0.8 (95% CI 0.6-0.9) and also the association with GERD could no 

longer be observed. (Table E2 and Figure E1).   
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Discussion  

In this large international cohort study encompassing more than 580,000 asthma patients from five 

European countries, there are several key findings which have direct implications for clinical practice. 

First, patient characteristics and comorbidities in subjects with asthma vary significantly by age of 

asthma onset. Indeed in adults with late-onset asthma, nasal polyposis, overweight/obesity, GERD and 

diabetes were more frequent than in adults with an earlier asthma onset, even when corrected for age. 

Second, we confirm a distinct sex pattern according to age at onset of asthma, with male predominance 

in patients with childhood-onset asthma and a female predominance in patients with adult-onset asthma 

and especially in those with late-onset asthma. Third, not only comorbidity and sex but also asthma 

control varied considerably by age of asthma onset, since lack of asthma control (defined by the 

occurrence of 2 or more exacerbations in the previous year) was significantly more frequent in patients 

with late-onset asthma and adult-onset asthma than in subjects with childhood-onset asthma. Lastly, 

severe asthma (defined by the use of high-dose ICS in combination with use of a second controller) 

was most prevalent in patients with late-onset asthma. 

Studying age-specific asthma phenotypes is important as differences in prevalence of asthma has been 

related to age-associated hormonal changes especially in women (9, 16, 35). Indeed, boys more often 

have asthma than girls and after puberty these incidences reverse (36). We observed that this female 

predominance was even stronger in late-onset asthma which of course cannot be attributed to puberty. 

Data on differences in asthma incidence during menopause are conflicting, since a decrease in asthma 

prevalence after menopause has been reported in The Nurses' Health Study (37), whereas in the French 

E3N cohort an increased asthma risk was demonstrated after surgical menopause (38). Recently, the 

group of Shah et al performed a cohort study of more than 300,000 women, with a follow-up time of up 

to 17 years, using data from the Optimum Patient Care Research Database (OPCRD); they reported 

that use of hormone replacement therapy (HRT) reduced the risk of late onset asthma in menopausal 

women with more than 15%.(39) This risk decreased by dose and duration of use. In the accompanying 

editorial, the mechanisms behind this association were further elaborated, including a possible role for 

endogenous and exogenous reproductive hormones in the sex-specific asthma expression across the 

lifespan.(40) Nwaru et al, using a subcohort of the study by Shah et al, further investigated the role of 

HRT in women with asthma and observed that past use (but not current use) was associated with an 

increased risk of severe asthma exacerbations.(41) The role of sex hormones in the pathogenesis of 
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asthma is thus complex and requires further research.  We are not the first indicating that the prevalence 

of atopic disorders decreases with increasing age of asthma onset. Indeed, Pakkasela et al. recently 

reported that the non-allergic component (absence of allergic rhinitis) became much more dominant 

from the age of 40 years. (42) Similarly Agondi et al. reported as well that atopy was inversely correlated 

with age of asthma onset. (43) Whereas the prevalence of atopic disorders decreased, the prevalence 

of overweight/obesity, GERD and diabetes were more frequent in late onset asthma than in adults with 

an earlier asthma onset, even when corrected for age. Similar results were recently reported from the 

Tasmanian Longitudinal Health Study where individuals with asthma were individuals 7-53 years were 

invited in the last follow-up (at age of 53 years) and were questioned whether they had ever been 

diagnosed with specific comorbidities of  interest. The late-onset asthma trajectory was predominantly 

associated with multiple disorders including diabetes, GERD and obesity.(44)  

In subjects with late-onset asthma, 8% suffered frequent exacerbations. This confirms recent findings 

reporting that this late-onset asthma potentially poses a higher risk for asthma exacerbations and 

hospitalizations compared to childhood-onset asthma (36, 45, 46). Exacerbations are detrimental for lung 

function and quality of life, and acute treatment consists of oral corticosteroid courses which cause 

multiple side-effects. Prevention of exacerbations is therefore key in asthma management, and the high 

percentages of frequent exacerbators in late-onset asthma subjects as reported in this manuscript and 

others underline the importance of targeting this specific population (31). 

In severe asthma cohorts, asthma and nasal pathologies are strongly associated, e.g. rhinosinusitis is 

associated with the onset of asthma in adults (47). Though the underlying mechanism has yet to be 

further elucidated, our findings further strengthen these associations between nasal polyposis and late-

onset asthma on a population level. Similar to our data, Staniorski et al. showed increased prevalence 

of nasal polyposis in those with adult- or late-onset asthma compared to childhood-onset asthmatics 

(48). Lastly, in line with previous findings in smaller studies, our data show that with increasing age of 

asthma onset, the prevalence of allergic conditions decreases (49, 50). 

As for all observational studies, our study has strengths and limitations. A major strength is the fact that 

we included a large number of patients from five different European databases that collect detailed 

information on important covariates such as life style factors, drug exposure and underlying 

comorbidities. In addition, our results represent real life data hence increasing the external validity of 

the findings. Our report is unique in the sense that three groups are studied, whereas previous studies 
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only compared two age-at-onset groups, had a smaller sample size and did not adjust for age (11, 12, 15-

17). 

In our study, it is statistically correct to compare the groups, because the age distribution of the 

childhood onset group in our dataset has enough overlap in age with the adult onset group. This makes 

it possible to adjust for age between the childhood onset and adult onset group, and similarly for 

comparison between the adult onset and late onset group. We believe that age adjustment comparison 

between these groups, albeit in a two-step approach, is a very relevant addition to the current literature. 

This study also has limitations.  

Firstly; misclassification of the age of asthma onset, especially in subjects with childhood asthma, is 

possible if patients do not recall the correct age of asthma onset or in case General Practice software 

systems do not allow to enter historical dates. This concern was also raised in the review article by 

Dharmage et al. stating that for adults, prospectively collected data on childhood asthma status will  

minimize the risk of recall bias, otherwise retrospective recall typically misclassifies relapsed childhood 

asthma as late-onset asthma and will preferentially favors those who have more severe childhood 

disease. (51) This potential misclassification might explain why less than 14% of the adult asthmatics 

have a record of an asthma diagnosis before the age of 18 years.  Based on literature, we would assume 

that the proportion of patients with childhood onset asthma would be larger. In a recent review article 

by Trivedi et al. on the differences in asthma in children vs. adults, approximately half of middle aged 

patients with asthma had childhood onset asthma rather than adult onset asthma; however, this 

proportion decreased in older study populations. (52) The proportion of childhood asthma as reported in 

the cross-sectional study by To et al. who investigated differences in clinical characteristics among 

patients with adult onset, childhood persistent or childhood relapsing asthma was 28%. Although this 

proportion of childhood onset asthma was higher than the proportion that we reported, it is lower than 

the 50% as reported by Trivedi et al (53)” but the median age of the population by To et al ranged between 

42-62 years, again highlighting the effect of age at study entry.  

Further, comorbidities were assessed through an automatic search on disease codes, which might give 

rise to misclassification. For example, due to the granularity of disease coding we were not always able 

to distinguish chronic rhinosinusitis from allergic rhinitis. However, it is unlikely that this misclassification 

would differentiate between the onset groups. Also, we probably underestimated the prevalence of 
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atopy as information on IgE levels and results of allergy skin prick tests was not available on all patients. 

Ideally the diagnosis of atopy would be confirmed by allergen-specific IgE levels and/or allergy skin 

prick tests, but this information was not available in all patients within the different databases; moreover, 

if available, this information was often only available as free text and not as coded data. As a proxy for 

atopy we searched for disease codes related to atopic eczema/dermatitis and allergic 

rhinitis/conjunctivitis and labeled this as “atopic disorders” similar to what other research groups have 

done.(32) (54) 

This study was investigated in a group of patients with asthma only where patients with ACO were 

excluded. This was a well-considered choice in view of potential misclassification between asthma and 

COPD which is presumably higher in older patients (and thus those patients with late onset asthma).  

Lastly, in the cross-sectional design of the current study we could not infer direction of the effects; e.g. 

overweight/obesity can be both a risk factor for asthma development, as well as an asthma associated 

comorbidity (47, 55). This however does not mitigate the relevance of associations between age at onset 

of asthma and comorbidities we report, as awareness is relevant both on policy making and patient 

care level. 

There is not a strict definition of age cut-offs to define childhood-onset, adult-onset and late-onset 

asthma. Indeed, age cut-offs for ‘early’ onset asthma vary between 10 and 21 years of age and for ‘late’ 

onset mostly between 40-45 years, with some reports using 65 years (11, 15-17) which makes comparison 

with other studies challenging. We opted for 18 years to discern childhood-onset asthma from adult-

onset asthma, and to apply the commonly used age of 40 as the second cut-off to discriminate adult-

onset asthma from late-onset asthma. Further research is needed to explore different age cut-offs and 

ideally come to an unanimous definition. This should be combined with research into the biological 

explanations behind the reported age differences. 

Our results have clinical implications as from our data, asthma can be described in many phenotypes 

of which age of asthma onset might be an important one with regard to underlying comorbidity, asthma 

control and asthma severity which might be due to treatment response.(56) Especially the increasing 

proportion of frequent exacerbators with increasing age of onset must be an incentive to strive for 

optimal asthma control in these patients. 
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As we conducted a cross-sectional analysis, we cannot conclude whether asthma(exacerbations) could 

be prevented by targeting on comorbidities such as nasal polyposis, GERD and diabetes mellitus. 

However, it would be very relevant to investigate the possible synergistic treatment effect of one 

comorbid condition on asthma control and vice versa. In general, smoking and weight management 

(through physical activity, exercise and healthy diet) can be regarded as modifiable targets not only for 

the prevention of asthma in adulthood but also for many other non-communicable chronic diseases. 

Overall, our findings of common comorbidities in subjects with asthma call for management of these 

conditions, not only to reduce directly their burden of disease but also to hopefully improve asthma 

control. 

In conclusion, this international multi-database cohort study demonstrates consistent differences in 

asthma related comorbidities, asthma control (i.e. exacerbation rates) and severity of asthma between 

childhood-onset, adult-onset, and late-onset phenotypes of adult asthmatics. Further research on the 

pathophysiological basis of these differences might give better insights into the clinical utility of these 

phenotypes towards personalized asthma management. 
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Figure 1  
A: percentage of severe asthma across all databases by age of onset    
B: Level of control across all databases by age of onset in patients with ≥1 year of asthma 
history (uncontrolled asthma: ≥ 2 severe asthma exacerbations (i.e. systemic corticosteroid 
course, emergency department visit and/or hospitalization for asthma) in the one year prior 
to index date) 
 
Figure 2  
Prevalence of patient characteristics across all databases by age of onset  
GERD: gastro-esophageal reflux disease 
 
Figure 3  
Odds ratio of having various characteristics, meta-analysis result 
Adjusted: for age and sex 
GERD: gastro-esophageal reflux disease, 
Uncontrolled asthma: ≥ 2 severe asthma exacerbations (i.e. systemic corticosteroid course, 
emergency department visit or hospitalization for asthma) in the one year prior to index date 
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Table 1: Demographics, severe asthma, (un)controlled asthma and comorbidities in asthma onset groups. DK=Denmark, UK = United Kingdom, IT= Italy, NL= The 

Netherlands, SP= Spain  

 

 

 

AUH (DK) 
N = 14,041 

CPRD (UK) 
N = 393,660 

HSD (IT) 
N = 37,003 

IPCI (NL) 
N = 73,506 

SIDIAP (SP) 
N = 68,226 

Childhood-
onset 

Adult-
onset 

Late-
onset 

Childhood-
onset 

Adult-
onset 

Late-
onset 

Childhood-
onset 

Adult-
onset 

Late-
onset 

Childhood
-onset 

Adult-
onset 

Late-
onset 

Childhood-
onset 

Adult-
onset 

Late-
onset 

N 
(% of total cohort) 

1,592 
(11) 

5,004 
(36) 

7,445 
(53) 

71,838 
(18) 

141,379 
(36) 

180,443 
(46) 

1,467 
(4) 

14,179 
(38) 

21,357 
(58) 

6,171 
(8) 

29,297 
(40) 

38,038 
(52) 

623 
(1) 

28,325 
(42) 

39,278 
(58) 

Age, median 
(min, max) 

21 
(18, 30) 

35 
(18, 52) 

59 
(40,102) 

23 
(18, 55) 

36 
(18, 63) 

60 
(40,109) 

20 
(18, 26) 

33 
(18, 48) 

59 
(40,107) 

21 
(18, 44) 

34 
(18, 58) 

57 
(40,105) 

19 
(18, 25) 

31 
(18, 46) 

61 
(40,104) 

Females, % 45 59 61 44 59 62 41 54 64 48 60 62 47 55 71 

Severe asthma, % 8.1 8.2 14.7 2.7 6.2 11.4 3.3 3.6 6.2 4.7 7.0 10.8 1.0 0.4 3.3 

Controlled Yes, % 99.6 70.8 57.9 99.6 75.6 67.5 45.2 59.1 45.2 99.2 72.2 66.4 97.6 35.2 29.5 

 No, % 0.3 10.3 11.3 0.3 5.0 5.2 11.4 7.9 11.4 0.3 2.4 4.2 0.2 2.2 4.4 

 Undefined, % 0.1 18.9 30.9 0.1 19.4 27.3 43.4 33.0 43.4 0.5 25.4 29.4 2.2 62.6 66.1 

Atopic disorder, % 20.3 22.2 9.2 20.3 39.5 28.7 12.9 21.5 12.9 42.9 36.3 24.7 19.9 21.7 13.9 

Chronic sinusitis, % 0.1 0.2 0.4 0.1 8.0 11.2 1.8 1.5 1.8 2.1 2.7 3.4 0.0 0.5 0.7 

Diabetes, % 0.5 1.9 6.0 0.5 1.9 9.5 9.9 0.9 9.9 0.5 1.7 11.7 0.2 0.7 11.9 

GERD, % 0.6 2.2 5.1 0.6 6.4 13.2 14.3 7.5 14.3 1.9 4.0 9.1 0.2 0.9 2.8 

Nasal polyposis, % 0.3 1.0 2.1 0.3 1.7 4.6 1.3 0.8 1.3 0.2 0.3 0.6 0.3 0.8 1.8 

Obesity, % 2.2 9.3 10.5 2.2 54.7 72.2 24.3 15.0 24.3 9.6 17.2 36.1 17.8 31.4 64.3 

Smoking Current, % 0.0 0.8 1.0 0.0 27.5 14.8 12.9 16.5 12.9 11.2 16.8 13.9 21.8 27.1 13.2 

 Never, % 0.0 1.0 2.4 0.0 45.4 42.4 34.7 25.1 34.7 20.5 24.0 33.1 35.8 33.5 56.1 

 Past, % 0.0 0.3 1.7 0.0 26.5 42.5 12.6 4.4 12.6 3.5 9.1 17.7 1.9 8.5 12.3 
 

Unknown, % 100.0 98.0 95.0 100.0 0.7 0.2 39.7 54.0 39.7 64.9 50.2 35.3 40.4 30.9 18.4 
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Table 2: Odds ratio of having various characteristics, meta-analysis result of crude and adjusted models 

 ADULT VS CHILDHOOD ONSET 

 Crude model  Adjusted model 

 OR 95% CI P-value  OR 95% CI P-value 

Uncontrolled asthma 15.80 9.48 26.31 < 0.0001  43.05 20.64 89.81 < 0.0001 

Atopic disorder 0.82 0.74 0.91 0.0001  0.81 0.69 0.95 0.0084 

Chronic rhinosinusitis 1.08 0.68 1.74 0.7347  0.56 0.33 0.95 0.0299 

Nasal polyposis 2.41 2.15 2.70 < 0.0001  1.04 0.79 1.37 0.7863 

Overweight/Obesity 2.37 1.96 2.86 < 0.0001  1.38 1.08 1.76 0.0090 

Diabetes Mellitus 3.32 3.01 3.66 < 0.0001  0.90 0.80 1.02 0.0944 

GERD 2.73 2.24 3.33 < 0.0001  1.30 0.97 1.74 0.0771 

Smoking: current 1.45 1.15 1.82 0.0016  1.51 1.21 1.89 0.0003 

Smoking: past 2.54 1.84 3.49 < 0.0001  1.73 1.34 2.23 < 0.0001 

          

 LATE VS ADULT ONSET 

 Crude model  Adjusted model 

 OR 95% CI P-value  OR 95% CI P-value 

Uncontrolled asthma 1.68 1.24 2.27 0,0007  2.77 1.69 4.53 0.0001 

Atopic disorder 0.53 0.49 0.59 < 0.0001  0.92 0.72 1.17 0.4832 

Chronic rhinosinusitis 1.37 1.22 1.53 < 0.0001  1.13 0.87 1.47 0.3486 

Nasal polyposis 2.13 1.72 2.64 < 0.0001  1.76 1.19 2.61 0.0047 

Overweight/Obesity 2.17 1.62 2.91 < 0.0001  1.29 1.20 1.38 < 0.0001 

Diabetes Mellitus 7.84 4.98 12.36 < 0.0001  2.28 1.82 2.87 < 0.0001 

GERD 2.34 2.14 2.57 < 0.0001  1.42 1.20 1.69 0.0001 

Smoking: current 0.49 0.36 0.67 < 0.0001  1.51 1.16 1.97 0.0024 

Smoking: past 1.55 1.13 2.11 0.0061  1.59 1.12 2.26 0.0094 

 

GERD= Gastro-esophageal reflux disease 
Adjusted model includes adjustment for age and sex 

Jo
urn

al 
Pre-

pro
of



25 
 

 

Jo
urn

al 
Pre-

pro
of



Table E1: Demographics of asthma onset groups - severe asthma cohort 

  
childhood-onset asthma 
N=2418 

adult-onset asthma 
N=11884 

late-onset asthma 
N=28309 

Aarhus  n (% of onset 
group) 

129 (8.1) 409 (8.2) 1,095 (14.7) 
 

Age, median 
(range) 

21 (18, 30) 40 (19, 52) 61 (40, 95) 

 Females, % 40  67 62 

CPRD  n (% of onset 
group) 

1,947 (2.7) 8,781 (6.2) 20,486 (11.4) 

 Age, median 
(range) 

24 (18, 55) 40 (18, 64) 65 (40, 101) 

 Females, % 50  62 64 

HSD n (% of onset 
group) 

49 (3.3) 515 (3.6) 1,331 (6.2) 
 

Age, median 
(range) 

22 (18, 27) 36 (20, 51) 63 (40, 102) 
 

Females, % 45  50 63 

IPCI n (% of onset 
group) 

289 (4.7) 2,060 (7.0) 4,097 (10.8) 

 Age, median 
(range) 

21 (18, 45) 37 (19, 57) 58 (40, 97) 

 Females, % 53  61 64 

SIDIAP n (% of onset 
group) 

4 (0.6) 119 (0.4) 1,300 (3.3) 
 

Age, median 
(range) 

22 (19, 24) 37 (20, 45) 71 (40, 97) 
 

Females, % 50  56 71 
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Table E2: Odds ratio of having various characteristics, meta-analysis result adjusted for age and sex (severe asthma)  

 ADULT VS CHILDHOOD ONSET (severe asthma) 

 Crude model  Adjusted model 

 OR 95% CI P-value  OR 95% CI P-value 

Uncontrolled asthma 2.06 1.20 3.53 0.0085  3.24 1.80 5.82 0.0001 

Atopic disorder 0.79 0.54 1.15 0.2138  0.75 0.49 1.14 0.1730 

Chronic rhinosinusitis 0.99 0.62 1.57 0.9644  0.32 0.27 0.39 < 0.0001 

Nasal polyposis 1.87 1.35 2.57 0.0001  0.76 0.51 1.12 0.1653 

Overweight/Obesity 2.33 2.12 2.56 <0.0001  1.19 1.05 1.34 0.0051 

Diabetes Mellitus 3.90 1.21 12.57 0.0229  1.30 0.46 3.69 0.6254 

GERD 2.59 1.73 3.87 < 0.0001  1.05 0.83 1.34 0.6809 

Smoking: current 1.59 1.26 2.01 0.0001  2.09 1.76 2.49 < 0.0001 

Smoking: past 1.87 1.65 2.11 < 0.0001  1.70 1.45 1.99 < 0.0001 

 LATE VS ADULT ONSET (severe asthma) 

 Crude model  Adjusted model 

 OR 95% CI P-value  OR 95% CI P-value 

Uncontrolled asthma 1.19 0.81 1.73 0.3696  1.69 1.40 2.05 < 0.0001 

Atopic disorder 0.48 0.42 0.55 < 0.0001  0.77 0.62 0.95 0.0154 

Chronic rhinosinusitis 1.10 1.03 1.18 0.0060  0.81 0.63 1.04 0.0923 

Nasal polyposis 1.59 1.18 2.14 0.0026  1.36 1.17 1.58 0.0001 

Overweight/Obesity 1.79 1.36 2.35 < 0.0001  1.37 1.25 1.51 < 0.0001 

Diabetes Mellitus 4.37 2.37 8.05 < 0.0001  1.91 1.20 3.05 0.0066 

GERD 1.51 1.41 1.61 < 0.0001  1.02 0.81 1.28 0.8825 

Smoking: current 0.44 0.31 0.63 < 0.0001  1.63 1.40 1.91 < 0.0001 

Smoking: past 1.35 1.06 1.72 0.0154  1.37 1.13 1.66 0.0011 
 

GERD: gastro-esophageal reflux disease; Uncontrolled asthma: ≥ 2 severe asthma exacerbations (i.e. systemic corticosteroid course, emergency department 

visit or hospitalization for asthma) in the one year prior to index date 
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