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Abstract

Background: Development of asthma is complicated by the minfigshsional nature of the
disease.

Objective: To identify and characterize trajectories of astffrom infancy to young
adulthood, and their associations with lung funtand inflammatory and respiratory
markers in adolescence and young adulthood.

Methods: A latent class analysis was performed in a poprabased cohort (N = 4,089).
Parental and self-reported symptoms of asthma ussé to investigated asthma
development. We characterized background facttdesga co-morbidity, and
immunoglobulin E sensitization, and investigatesbagtions with asthma markers.
Results: A 4-class solution of asthma trajectories wastified: never/infrequent (n = 3,291,
80.4%), early-onset transient (n = 307, 7.5%), eskté#nt-onset (n = 261, 6.4%), and
persistent asthma (n = 230, 5.6%).

Uncontrolled asthma was equally prevalent in th@estent-onset and persistent
asthma trajectory groups, at both 16 (41.7% v€l%2p = 0.90) and 24 years of age (53.7%
vs. 52.4%, p = 0.81). The persistent asthma trajecgjroup had a higher proportion of
eosinophil counts 0.3 (10 cells/L) at 24 years of age compared with the estmnt-onset
trajectory group (31.0% vs. 18.5%, p < 0.01).

Conclusions: The adolescent-onset and persistent asthma tajegrtoups had equal burdens
of asthma control in adolescence and young aduithidowever, the persistent asthma
trajectory group showed more signs of type 2 infteation than the adolescent-onset
trajectory group. This unbiased approach highlighésneed of identifying patients with
adolescent asthma to optimize care, as they sihiéesame lack of asthma control as those

with persistent asthma.
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Highlights box

1. What isalready known about thistopic?
Asthma has many underlying biological pathways bad to different disease

trajectories.

2. What doesthisarticle add to our knowledge?
Subjects in the adolescent-onset and persistedmnhadirajectory groups have equal

burdens of asthma control and severity in adoleseand young adulthood.

3. How doesthisstudy impact current management guidelines?
Through the defined and characterized asthma taajes, we found that the adolescent-
onset and persistent asthma trajectory groupswlnenable groups that healthcare

professionals need to identify, to optimize care.

Key words

adolescents,

asthma,

age at onset,

birth cohort,

cluster analysis,
eosinophil counts,
inflammatory markers,
longitudinal analysis,
lung function,

phenotype.
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Abbreviations

BAMSE:  Barn/Child, Allergy, Milieu, Stockholm, Epéiniology

ERS/ATS: European Respiratory Society and Ameridaoracic Society

FeNO: Exhaled nitric oxide

FEV1: Forced expiratory volume in 1 second
FVC: Forced vital capacity

GINA: Global Initiative for Asthma

GLI: Global Lung function Initiative

ICS: Inhaled corticosteroids

LABA: Long-actingp2-agonists

LCA: Latent class analysis

LLN: Lower limit of normal

IgE: Immunoglobulin E
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I ntroduction

Asthma is a heterogenous disease with clinical festations that typically vary with the
stage of life (1). Asthma, eczema, and rhinitigiefto-occur, and can be classified as allergic
co-morbidities (2). Asthma, eczema, and rhinites @mplex diseases, with genetic and
environmental factors interlinked through both inmoglobulin E (IgE)-associated and non-
IgE-associated mechanisms (3).

The development of asthma is a dynamic proces$¢f)some patients, asthma starts
early, while it debuts later in life for others (Fhe disease may progress, remit, or relapse
over time (6). The goal of asthma treatment isctieve and maintain asthma control and
minimize exacerbations and lung function loss §7Mst patients with asthma have mild or
moderate disease, but one group has poor outcamessahe spectrum of disease severity (9,
10). Asthma has many underlying biological pathwidng lead to different disease
trajectories (7). Previous research by Martineal .ébad impact when they studied the natural
history of wheezing in the first six years of I{fel). Later, similar research has been
supplemented by unbiased data-driven approaches asuatent class analysis (LCA) (12).
The number of asthma trajectories identified amif thpecific patterns vary somewhat
between populations and different lengths of folam(13). A recent meta-analysis of
wheeze trajectories, including thirteen cohortsrfithe general and at-risk populations,
identified five distinct trajectories (14). The lfmi-ups varied between 3 and 18 years with a
mean length of about 10 years. The authors condltia® longer follow-ups were needed to
improve evidence for causal inference (14). Untikast prior studies (7, 14-19), present
study provided the possibility to cover a perioahfrinfancy up to 24 years of age in a
population-based cohort. This includes adolescembih is a crucial period in the natural

course of asthma (16).
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Investigating asthma trajectories provides a fotinddor gaining increased knowledge
on asthma development and associated markers,saabd outcomes can thereby be
improved (20, 21). Thus, the aim of this study waglentify and characterize trajectories of
asthma from infancy to young adulthood, and the@ation with lung function,

inflammatory, and respiratory markers in adoleseearad young adulthood using LCA.
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Methods

Study design

During 1994-1996, parents to all newborns livingiadefined areas of Stockholm, the
capital of Sweden, including inner city, urban, aaturban districts, were asked to
participate in the longitudinal population-basedibcohort BAMSE (Barn/Child, Allergy,
Milieu, Stockholm, Epidemiology) (22, 23). The omgg cohort includes 4,089 participants,
who have been followed since birth with repeatdidfoups. At 2 months of age, a baseline
questionnaire was filled out, where informationb@tkground factors was obtained. When
the participants were approximately 1, 2, 4, 8,a2] 16 years old, parents completed follow-
up questionnaires. Follow-up response rates we¥e 98%, 91%, 84%, 82%, and 78%,
respectively. At 12, 16, and 24 years, participavese also asked to complete a questionnaire
themselves. Follow-up response rates were 68%, @68lo75% respectively. Following the
completion of questionnaires, the participants weveéed to undergo clinical examinations at

approximate ages 4, 8, 16, and 24 years.

Definition of asthma

Based on questionnaire data from all the follow;epsrent asthmaat approximate ages 1, 2,
4, 8,12, 16, and 24 years, was defined as fulfjlkt least two of the following three criteria
(10): Symptoms of wheeze and/or breathing diffieglin the 12 months preceding the
follow-up, ever doctor’s diagnosis of asthma andie of asthma medication occasionally or

regularly in the 12 months preceding the follow-up.

Allergic co-morbidity and I gE sensitization
The assessments of allergic co-morbidity and Igisiseation were based on questionnaire

and clinical data from the 4-, 8-, 16-, and 24-yedlow-ups. Information on the definitions
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of eczemandrhinitis, as well as on IgE sensitization to comnioimalantandfood allergens,
has been given in detail elsewhere (24-26), apdogided in this article’s Online Repository

at www.jaci-inpractice.org.

Lung function

Lung function was measured through spirometry uaidgeger MasterScreen-10S system
(Carefusion Technologies) at the 16- and 24-yearcall follow-ups. All subjects performed
repeated maximal expiratory flow volume measures&2it). The highest values foirced

vital capacity(FVC) andforced expiratory volume in 1 secofi€EV;) were extracted and
used for analysis in accordance with the EuropesspRatory Society and American
Thoracic Society (ERS/ATS) criteria (28). FENVC data were converted to z-scores based
on Global Lung Function Initiative (GLI) referenealues (29)Airflow limitation was

defined as the FE¥FVC ratio z-score below the lower limit of norn{aLN), defined as the

lowest " percentile in the never asthmatic population.

Inflammatory markers
The assessments of inflammatory markers were b@asetinical data from the 16- and 24-
year follow-ups. Values for bloogbsinophilcell count were regarded as above reference for
all ages if> 0.3 (10 cells/L) (30). Values for bloodeutrophilcell count outside normal were
based on the highest tertile (tertile 3) (31): & @0 cells/L) for 16-year data, and > 4.1 {10
cells/L) for 24-year data.

Exhaled nitric oxidéFeNO)> 25 ppb indicated the presence of eosinophilic
inflammation and was measured with a chemilumineseanalyzer (EcoMedics ExhalyZer
and Circassia NIOX VER®). The procedure was performed in accordance wittighed

guidelines (27, 32).
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Respiratory markers
The assessments of respiratory markers were basgdestionnaire and clinical data from
the 16- and 24-year follow-ups. Information on phacy-dispensed asthma medication
within the 18 months preceding the 16- and 24-j@&w-ups was obtained by linkage to the
Swedish Prescribed Drug Register (Z®vere asthmaas based on ERS/ATS and Global
Initiative for Asthma (GINA) guidelines (8, 9).Was defined as a) asthma with high daily
doses of inhaled corticosteroids (ICS800 pg budesonide or equivalen00 pg
fluticasone, as ICS separately or as fixed comlnatof ICS and long-actingp-agonists
(LABA), b) plus dispensed LABA (together with IC8parately) and/or leukotriene receptor
antagonists at least once to prevent the asthmabieroming or remaining uncontrolled
despite therapy (34). Uncontrolled asthma was ddfas fulfilling at least one of the
following four criteria, based on data from thepestive follow-ups: 1)Jncontrolled asthma
based on the modified GINA definition (8, 10). 2a\thg taken cortisone tablets dissolved in
water for asthma or respiratory symptom3 days in a row the last 12 months prior to the 16
or 24-year follow-ups. 3) Having sought acute maldiare because of respiratory symptoms
the last 12 months prior to the 16- or 24-yearoiwHups. 4) FEY below 80% of predicted,;
measured through spirometry at the 16- or 24-ykaical follow-ups.

Respiratory markers such ‘a&pisodes of breathing difficultiesdnd ‘respiratory
symptoms following physical exertiomere based on self-reported information regardeg t

12 months preceding each respective follow-up.

Statistical analysis
To investigate trajectories of asthma from infat@young adulthood, the LCA was

performed in the BAMSE cohort (N = 4,089) (Tablei&1his article’s Online Repository at
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www.jaci-inpractice.org). Data on current asthnggdefined in this study, from all follow-

ups were included (approximate ages 1, 2, 4, 8182and 24 years). The R software (version
4.0.2) and package “depmixS4” was used. The madele compared for goodness-of-fit
using the Bayesian information criterion and thenbar of clusters was confirmed. A
sensitivity analysis was performed in the same Waythis included current asthma only up
to the 16-year follow-up.

To analyze differences between proportions of baemkyd factors, allergic co-
morbidity, IgE sensitization, airflow limitationpflammatory, and respiratory markers of the
participants in the results of the LCA, Pearsoilisstjuared tests and Fisher’'s exact tests
were used. Differences between mean age at pulbeen values of FEYFVC, and
FEV./FVC based on GLI reference values were investijaging one-way analysis of
variance. Differences between mean values of lungtion volume were analyzed with
multiple linear regression, adjusted for gendeiglte age, and weight. P values of < 0.05
were considered statistically significant. Thesalgses were performed with the STATA
statistical software (release 14.2; College Staflofy USA).

The study was approved by the Regional Ethical &eBoard in Stockholm, Sweden.

All participants and parents provided informed @ndo participate in the study.
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Results

Trajectories of asthma from infancy to young adulthood
A total of 4,089 participants were included in ti@A with data on asthma symptoms up to
the 24-year follow-up. Evaluations were done fqr32; 4-, 5-, 6-, and 7-class solutions; the
4-class solution was chosen as the best fit (Bagaaformation criterion: 14,344.8) and
resulted in four distinct asthma trajectory gro(ipigure 1). Class 1 had a predominant profile
of never/infrequent asthma (n = 3,291, 80.4%). £bkad a predominant profile of early-
onset transient asthma, with debut of asthma 2t dr, 4 years of age, but no asthma in later
years (n = 307, 7.5%). Class 3 had a predominarfilegoof adolescent-onset asthma with a
debut of asthma after age 8 years (n = 261, 6.@%%s 4 encompassed participants with
predominantly persistent asthma (n = 230, 5.6%gjufé 1 presents the probability of latent
class membership for each class in the 4-class G4el.

A separate LCA including information of asthma syomps only up to the 16-year
follow-up showed similar trajectories (Figure Elthis article’s Online Repository at

WWW.jaci-inpractice.org).

Characterization of the identified trajectory groups

The distribution of background factors differedvee¢n the identified asthma trajectory
groups (Table I). The never/infrequent asthma ¢tajg group had the highest proportion of
exclusive breastfeeding for 4 months or more (R53@&, 80.7%). The highest proportion of
parental smoking (n = 82, 26.7%) was seen in thg-easet transient asthma trajectory
group. The adolescent-onset asthma trajectory gnadghe highest proportion of females (n
=148, 56.7%), and the persistent asthma trajecayp had the lowest (n = 92, 40.0%). In
the persistent asthma trajectory group, almostdfalie participants had a family history of

allergic disease.
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Allergic co-morbidity and I gE sensitization in theidentified trajectory groups

The distribution of allergic co-morbidity and IgErssitization differed between the identified
asthma trajectory groups (Table 1l). Sensitizatmmhalant allergens increased with age in
all trajectories. In the never/infrequent asthnagettory group, 38.4% (n = 679) were
sensitized to inhalant allergens at age 24 yedrghwas comparable to the proportion in the
early-onset transient asthma trajectory groupolmrast, over 75.0% (n = 135) of those in the
adolescent-onset trajectory group and 71.3% (n)=oBthose in the persistent asthma
trajectory group were sensitized to inhalant abbeigat age 24 years. Moreover, the
prevalence of allergic comorbidity was highesthia adolescent-onset and persistent asthma
trajectory groups, about one third had eczemaeatagears, and about two thirds had rhinitis
at age 24 years. Sensitization to food allergersm@st common in the persistent asthma

trajectory group (n = 35, 30.4% at 24 years of age)

Lung function, inflammatory, and respiratory markersin theidentified trajectory

groups

The distribution of lung function, inflammatory, grespiratory markers differed between the
identified asthma trajectory groups (Table Ill. T@g&2 and E3 in this article’s Online
Repository at www.jaci-inpractice.org). For examtethe early-onset transient asthma
trajectory group, 8.2% (n = 13) had airflow limitat (FEV4/FVC z-score < LLN) at age 16
years, and 7.2% (n = 11) at age 24 years, whichcaaparable to the numbers in the
adolescent-onset trajectory group, but lower timathé persistent asthma trajectory group
(Table Ill). Moreover, those in the persistent asdrtrajectory group had the lowest mean
value of FEV (expressed as z-scores based on GLI referencesyatiages 16 and 24 years.

Mean differences of lung function volume showedhailar pattern. Severe asthma at 16 and
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24 years of age was most prevalent in the adolesceset asthma trajectory group, albeit
quite uncommon (n = 8, 4.1% at 24 years of agehdradolescent-onset and persistent
asthma trajectory groups, about half had uncomtralisease at 24 years of age. The
persistent asthma trajectory group had the higtregtortions of airflow limitation at 16 and
24 years of age (18.1% and 14.2%, respectivel\WOrealue> 25 ppb (41.7% and 34.3%,
respectively), and eosinophil coun0.3 (18 cells/L) (38.7% and 31.0%, respectively). The
proportions of high neutrophils were the same endtolescent-onset and persistent asthma
trajectory groups at both 16 and 24 years of age.

A separate comparison between the adolescent-andgiersistent asthma trajectory
groups showed that there were few statisticallpiicant differences with respect to
respiratory markers such as asthma control or gg\wrl6 or 24 years of age. The persistent
asthma trajectory group had lower mean values &f;FIEd FEV{/FVC, as well as a higher
proportion of airflow limitation at age 16 yearswler mean value of FEYand a higher
proportion of eosinophils, at age 24 years (Figuamd Table E2). The other lung function
and inflammatory variables did not show any siguaifit differences between the adolescent-

onset and persistent asthma trajectory groups at 28 years of age.
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Discussion

In the population-based BAMSE cohort, an unbiaséé based on asthma symptom data
from infancy to young adulthood resulted in foustttict asthma trajectories:
never/infrequent, early-onset transient, adolesoaset, and persistent asthma. This solution
of asthma trajectories provided insights abouiottigins and characteristics of asthma, as the
adolescent-onset and persistent asthma trajectonpg seemed to have equal burdens of
respiratory markers, such as asthma control anerisgin adolescence and young adulthood.
However, compared with the adolescent-onset t@jgciroup, the persistent asthma
trajectory group showed more signs of lung functropairment, for example lower mean
values of FEY, in adolescence and young adulthood. Furtherfailreasthma trajectory
groups showed differences in established backgréaotdrs, allergic co-morbidity, and IgE
sensitization.

In line with our results, other studies have idedi similar classes to describe
childhood asthma trajectories (14). The unbiasediss have consistently identified 3 to 5
trajectory groups. In the recent meta-analyses\wygr@ et al. (14) with 5 identified trajectory
groups, the intermediate-onset trajectory groupoed between 3-5 years which is similar
to our results of the early-onset transient asttrajactory group, with a debut of asthma at 1,
2, or 4 years of age. Further, in the meta-anatixsidate-onset occurred between 5-8 years of
age, which is a bit earlier than in the adolescaTget asthma trajectory group in our results,
with a debut of asthma after age 8 years. The tvansin the number of identified
trajectories could be explained by differencessitiiana definitions, sample size, type of
population, or frequency and timing of data coil@tt(15). To our knowledge, the present
study on asthma is one of few population-based rt@tadies with a follow-up length of

more than approximately 24 years.
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In the natural course of asthma, one clear maatiestis the “sex switch” in asthma
prevalence, from male asthma predominance in eaighood to mid-childhood, to female
predominance in adolescence (10, 35). This wadrooad in our results. Adolescence is also
a time of changes in lifestyle, as well as biolagj@nd physiological processes (36). In the
present study, we therefore compared the adolesceet and persistent asthma trajectory
groups, and they seemed to have equal burdenspmfatory markers at adolescence and
young adulthood, although the adolescent-onsetdi@jy group had a more recent onset of
disease. Our results showed that four out of teha@radolescent-onset and persistent asthma
trajectory groups had uncontrolled disease in atelece, and more than half in young
adulthood. However, the persistent asthma trajggaoup, with the highest proportions of
FeNO and high eosinophil counts, tended to haveersigns of type 2 inflammation (37) than
the adolescent-onset trajectory group. Furtheryesults showed that the persistent asthma
trajectory group had lower mean values of FaYd FEV{/FVC, as well as a higher
proportion of airflow limitation in adolescence. Qesults are in line with a previous study
showing that asthma patients with increased FeN{easinophil counts had a higher
prevalence of impaired lung function (FE¥ 80% predicted, FEM-VC < LLN) and
uncontrolled asthma compared with patients withmadievels of these inflammatory
markers (30). Their results remained statisticsifyificant after adjusting for sex, age, atopy,
smoking habits, and asthma medicines. A previaudysthowed that FeNO levels and
eosinophil counts were independently associatel bath inhalant (furred animals and mold)
and food allergens (38), indicating that inhalamd &0d allergens should also be mapped to
increase understanding of inflammation patterresthma. The eosinophilic inflammation
and degree of atopy seems to be of importancetimas as the National Heart, Lung and

Blood Institute’s Severe Asthma Research Programddhat children with severe asthma
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overall had a high degree of atopy reflected bydased blood eosinophils and higher
concentrations of total serum IgE compared witlhdeain with non-severe asthma (39).

During adolescence, asthma management encomphedeartsition process from
pediatric to adult healthcare. Successful suppming this period could minimize excess
morbidity and mortality risk (36). However, in opirevious studies, we found that young
adults felt left out of the system, and that hezltk consultations decreased after the
transition to adult healthcare (34, 40). Generdhgye is a lack of adult allergy services.
Through defined asthma trajectories, managemend d@uindividualized and
multidisciplinary, to ensure the best possible ontes (36). Opportunely, the European
Academy of Allergy and Clinical Immunology recentlgveloped a clinical practice
guideline to provide evidence-based recommendatmrisealthcare professionals to support
the transitional care of adolescents and youngseiath asthma (36).

In this study, we identified several establishedkgaound factors associated with
trajectories of asthma, such as that family histdrgllergic disease seemed to be associated
with a persistent wheeze trajectory in childhoot) (Dur results also showed that a higher
proportion of parental smoking at baseline charaxtd the early-onset transient asthma
trajectory group. Environmental tobacco smoke exposs known to increase asthma risk in
children and adults (42). Our results showed tigditgercent in the early-onset transient
asthma trajectory group had airflow limitation @®lkescents. Recent studies have found that
a low childhood lung function trajectory is asseedthwith risk of future chronic obstructive
pulmonary disease (43, 44). Recent results frontohort showed that irreversible airflow
limitation was present already in young adulthcat] was observed despite most being non-
smokers or ever-smokers having smoked on averagdHan one pack-year (45).

Our results were in line with the concept of thepat march, where allergic diseases

start in early life with eczema, progress througtof allergy and culminate as hay fever and
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asthma (46-48). We showed that participants witlyedlergic co-morbidity fell into the
adolescent-onset and persistent asthma trajectonpsg. About one third of the participants
in the adolescent-onset and persistent asthmatmayegroups had eczema and were
sensitized to food allergens at early ages. Furthere than two thirds were sensitized to

inhalant allergens in adolescence and young acadtho

Strengths and limitations

Important strengths of the present study inclugepfospective population-based design and
the large and well-characterized study sample. blae we chose to use LCA, as asthma
classification is complicated. We used asthma sgmptreported on up to 7 occasions (from
approximately 12 months to 24 years of age) indhis-driven approach to derive asthma
trajectory groups, so that preconceptions abojgdiary structure did not affect the derived
groups. With the asthma symptom variables usediin.GA analysis assessed from infancy
to young adulthood, we were able to study the teaimbability of the identified latent
classes and transition over time. The long perfagsthma symptoms was sufficient for
examination of the role of puberty and sex hormpslkewn to impact airway responsiveness
and asthma prevalence at a population level (7).

Nonetheless, there are some limitations with thé lapproach. The classes are
dependent on the study population and when thabas are entered. However, collecting
data at critical timepoints might help counterbakathe effects of suboptimal conditions (7,
15). In our sensitivity analysis including asthngenptoms up to only adolescence, the asthma
trajectory groups were similar. Moreover, resuitevged that participants in the
never/infrequent asthma trajectory group also lyatbhsoms in adolescence and young

adulthood. This could be explained by the use oAL& participant’s probability of
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belonging to any of the other classes was alsalzdtd, and a decision was then made as to
the class membership that each participant wouichately be allotted.

Further, asthma control was based on informatiomhi® 12 months preceding each
questionnaire, but the GINA guidelines base astbomérol on information from the last 4
weeks (8). This could lead to an overestimatioaundata of the proportion of adolescents

and young adults with uncontrolled asthma.

Conclusions

This analysis resulted in four distinct asthmaeirigry groups: never/infrequent, early-onset
transient, adolescent-onset, and persistent astbomaparisons showed that the adolescent-
onset and persistent asthma trajectory groups seenteve equal burdens of respiratory
markers in adolescence and young adulthood. Howthepersistent asthma trajectory group
showed more signs of lung function impairment, e 2 inflammation, compared with the

adolescent-onset trajectory group.
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Figure legends and footnotes

Figure 1. Trajectories of asthma from infancy to young daodid using latent class analysis

in the BAMSE cohort (N = 4,089).

Figure 2. A separate comparison between the adolescent-andgiersistent asthma
trajectory groups in relation to airflow limitatipimflammatory and respiratory markers in

adolescence and young adulthood (N = 4,089).

#The forced expiratory volume in 1 second (Riférced vital capacity (FVC) ratio z-score belove lower limit of normal
(LLN), defined as the lowest 5th percentile in tleser-asthmatic population.

PExhaled nitric oxide (FeNG) 25 ppb.

“Blood eosinophil cell count 0.3 x 1§ cells/L.

dB(I)cgod neutrophil cell count were based on the higtetile. At age 16 years > 3.9 x°I¢ells/L, and at age 24 years > 4.1 x
10° cells/L.

°Severe asthma was defined as asthma with high dadlgs of inhaled corticosteroids (ICS), as ICSrsegly or as fixed
combinations of ICS and long-actifig-agonists (LABA), plus dispensed LABA (togethetiwiCS separately) and/or
leukotriene receptor antagonists at least onceaeept the asthma from becoming or remaining umotiat! despite
therapy.

fUncontrolled asthma defined as at least 1 of 4 $ymg: daytime asthma, nocturnal asthma, activijtéition or symptom
reliever in the last 12 months preceding the 1&4%year follow-up.

9More than 12 episodes of breathing difficultiestia preceding 12 months.

"Respiratory symptoms following physical exertiorttie preceding 12 months.
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Table E1. Selected background characteristics in the BAM&EOQ.

BAMSE cohort

N = 4,089
Background characteristics n %
Female gender 2,024 49.5
Mother’'s age < 25 years at birth 319 7.8
Parent born outside Sweden 718 21.1
Family history of allergic diseas® 1,200 29.7
Parental education- University® 2,161 52.9
Parental smoking at baselin® 855 21.0

®Mother and/or father with doctor’s diagnosis ohasa and use of asthma medication and/or doctoaigndisis of hay fever
in combination with reported allergy to furred aalmand/or pollen at the time of the baseline qomesaire.

PAt least university or college degree/other edweeéit the time of the baseline questionnaire.

‘Any of the parents smoked at least one cigarettel@gat the time of the baseline questionnaire.
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Table E2. Lung function expressed as z-scores based on @lahg Function Initiative reference values in askmlence and young adulthood in
the identified asthma trajectory groups (N = 4,089)

Class 1 Class 2 Class 3 Class 4 Difference Difference
Never/infrequent Early-onset Adolescent-onset  Persistent between  between
asthma transient asthma asthma asthma classes classes
Lung function n=3,291, 80.4% n =307, 7.5% n =261, 6.4% n & 33%6% 1-4 3and 4
Forced expiratory volume in 1 second (FEY)® Mean SD Mean SD Mean SD Mean SD p vAlue p valué
- at age 16 years 0.03 0.9 -0.3 0.9 -0.2 0.9 -0.5 0.9 <0.01 <0.01
- at age 24 years -0.2 0.8 -0.4 0.9 -0.3 0.9 -0.6 0.9 <0.01 <0.01
Forced vital capacity (FVCY
- at age 16 years 0.2 0.9 0.1 1.0 0.2 0.9 0.07 0.9 0.55 0.20
- at age 24 years -0.06 0.8 -0.03 0.9 0.04 0.9 -0.1 0.9 0.32 0.09
FEV./FVC?®
- at age 16 years -0.2 0.9 -0.6 0.9 -0.6 1.0 -0.9 1.1 <0.01 0.04
- at age 24 years -0.3 0.9 -0.6 0.9 -0.6 1.0 -0.7 1.0 <0.01 0.24

®The forced expiratory volume in 1 second (RE&Nd forced vital capacity (FVC) data were conseitio z-scores based on Global Lung Function tiviéaeference values.
PP values obtained using one-way analysis of vaeiamdicated differences between classes 1 — 4lasdes 3 and 4.
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Table E3. Mean differences in lung function volume in adolrsce and young adulthood in the identified asttrajactory groups (N = 4,089).

Class 1 Class 2 Class 3 Class 4 : .
Never/infrequent Early-onset Adolescent-onset Persistent Dtl)fé?vrvirécne Dkl)f:\,rve;r;cne
asthma transient asthma asthma asthma | 14 classes 3 and 4
n = 3,291, 80.4% n =307, 7.5% n =261, 6.4% ne, 33%% classes
Lung function Adjusted meah 95% Cl Adjusted meah 95% ClI Adjusted meah 95% ClI Adjusted meah 95% ClI p valu& p valud
FEV, (ml)
- at age 16 years Ref. - -152.2 -222.6; -81.9 -120.1 -187.6; -52.7 962 -375.1; -218.8 <0.01 <0.01
- at age 24 years Ref. - -88.7 -158.1; -19.3 -67.4 -133.1; -1.7 -308. -290.7;-126.2 <0.01 0.01
FVC (ml)
- at age 16 years Ref. - -53.0 -131.9; 25.9 0.2 -75.4;75.8 -117.1 04:229.5 <0.01 0.04
- at age 24 years Ref. - 31.3 -52.8; 115.5 41.8 -37.9;121.5 -74.9 74-6; 24.9 <0.01 0.06
FEV/FVC (%)
- at age 16 years Ref. - 2.1 -3.1;-1.1 -2.4 -3.4;-15 -4.2 -53.1- <0.01 0.01
- at age 24 years Ref. — -2.2 -3.1;-1.2 -2.0 -2.9;-1.1 -2.9 418 <0.01 0.20

#Adjusted for gender, height, age, and weight aréispective follow-ups.
P values obtained using multiple linear regressiothe mean indicated differences between classe$ dnd between classes 3 and 4.
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Figure legend

Figure E1. Trajectories of asthma from infancy to adolescarsirg latent class analysis in

the BAMSE cohort (N = 4,089).
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M ethods

Allergic co-morbidity and I gE sensitization
The assessments of allergic co-morbidity and Igisiseation were based on questionnaire

and clinical data from the 4-, 8-, 16-, and 24-ye#low-ups.

Definitions of eczema

At age 4 years. Parental report of dry skin and itchy skin rash>@ weeks in specific
locations (face or arm/leg extension surfaces wvlag flexures or wrists/ankles) within the
preceding 12 months and/or doctor’s diagnosis pée@ after age 2 years and up to the date
of the 4-year questionnaire.

At age 8 years. Parental report of dry skin and itchy skin rash>@ weeks in specific
locations (face or arm/leg flexures or wrists/askde neck) within the preceding 12 months
and/or doctor’s diagnosis of eczema after age #sy@ato age 8 years.

At age 16 years:. Adolescent-reported dry skin and itchy skin raskpecific locations
(arm/leg flexures or wrists/ankles or neck) witthie preceding 12 months.

At age 24 years: Participant’s report of itchy rash in the precedl2 months in combination
with at least 3 out of 4 of the following criteri} Dry skin in the preceding 12 months. 2)
Eczema onset below age 2 years. 3) History of flxeczema at any follow-up. 4) Personal

history of asthma and/or rhinitis at any follow-4upm age 4 years.

Definitions of rhinitis
At age 4 years. Parental report of symptoms from eyes/nose (susger evident) after
exposure to furred animals or pollen (from age &geand/or doctor’s diagnosis of allergic

rhinitis from age 2 years and up to the date of4tlyear questionnaire.
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At age 8 years. Parental report of symptoms of sneezing, a rwrtyjocked nose, and/or
itchy, red, and watery eyes after exposure to tuammals or pollen (from age 4 years)
and/or doctor’s diagnosis of allergic rhinitis frage 4 years and up to the date of the 8-year
questionnaire.

At age 16 years: Parental report of symptoms of sneezing, a runrylaoked nose, and/or
itchy, red, and watery eyes after exposure to €ua@mals or pollen (in the preceding 12
months) and/or doctor’s diagnosis of allergic rtignirom age 12 years up to the date of the
16-year questionnaire.

At age 24 years: Participant’s report afymptoms of sneezing, a runny or blocked nose,
and/or itchy, red, and watery eyes after exposufarted animals or pollen (in the preceding
12 months) and/or doctor’s diagnosis of allergiaitis ever up to the date of the 24-year

questionnaire.

I gE sensitization

IgE sensitization to commanhalant andfood allergens was analyzed using the
ImmunoCAP System (Thermo Fisher/Phadia AB, Upps&aleeden) with PhadiatSrcat,
dog, horse, birch, timothy, mugwoRgr matophagoides pteronyssinus, andCladosporium
herbarum), and x5 (cow’s milk, peanut, hen’s egg, wheat, soybead,fah). IgE values

greater than 0.35 kiJL were regarded as positive.



Table I. Background factors in the identified asthma trajecgroups (N = 4,089).

Class 1 Class 2 Class 3 Class 4 Difference
Never/infrequent Early-onset Adolescent-onset  Persistent between
asthma transient asthma asthma asthma classes
n= 3,291, 80.4% n =307, 7.5% n =261, 6.4% n &, 33%6% 1-4
Background factors n % n % n % n % p valde
Female gender 1,659 50.4 125 40.7 148 56.7 92 40.0 <0.01
Gestational age < 37 weeks 169 5.1 26 8.5 17 6.5 15 6.5 0.07
Mother’s age at birth < 25 years 229 7.0 47 15.3 18 6.9 25 10.9 <0.01

Exclusively breastfed> 4 months 2,536 80.7 219 73.2 194 76.7 167 74.6 <0.01
Family history of allergic diseasé 871 26.8 109 35.7 113 44.0 107 47.8 <0.01

Any older siblings at baselin8 1,563 47.5 180 58.6 115 44.1 122 53.0 <0.01
Had a furred animal at baseliné 503 15.3 62 20.2 36 13.8 28 12.2 0.05
Parent born outside Sweden 589 21.6 42 16.9 48 20.3 39 20.1 0.37
Parental education — University 1,781 54.1 139 45.3 146 55.9 95 41.3 <0.01
Parental smoking at baselin& 670 20.5 82 26.7 45 17.4 58 25.6 <0.01
Age at puberty —year$ Mean Max  Mean Max Mean Max Mean Max p value
Females — first menarche 12.7 16 12.7 16 12.6 16 412 16 0.39
Males — voice change 13.6 17 13.5 16 13.7 16 1396 1 0.02

#Mother and/or father with doctor’s diagnosis ohasa and use of asthma medication and/or doctaagndisis of hay fever in combination with reportidrgy to furred animals and/or pollen at the tiof¢he
baseline questionnaire.

PAny older siblings in the household/family at tivae of the baseline questionnaire.

“Currently had a furred animal (cat, dog, and/oerdjlat home at the time of the baseline questioana

dAt least university or college degree/other eduocati

°Any of the parents smoked at least one cigarettelpgat the time of the baseline questionnaire.

'Based on self-reported information from the 16-fedlow-up.

9P values obtained using Pearson’s chi-squareéhtdisated differences between classes 1 — 4.

"p values obtained using one-way analysis of vaeiamdicated differences between classes 1 — 4.



Table II. Allergic co-morbidity and IgE-sensitizatiom the identified asthma trajectories (N = 4,089).

Class 1 Class 2 Class 3 Class 4 Difference
Never/infrequent Early-onset Adolescent-onset  Persistent between
asthma transient asthma asthma asthma classes
n = 3,291, 80.4% n =307, 7.5% n =261, 6.4% n &, 33%6% 1-4

Allergic co-morbidity n % n % n % n % p valGe
Eczemd
- at age 4 years 533 17.9 76 27.3 84 335 76 34.7 0.0k
- at age 8 years 361 13.5 59 24.5 59 25.0 64 34.2 0.0k
- at age 16 years 197 8.0 19 8.0 45 19.6 36 20.3 0.0x
- at age 24 years 366 15.0 40 17.9 76 33.8 61 35.%<0.01
Rhinitis®
- at age 4 years 217 7.4 41 15.0 46 18.6 82 37.7 0.0k
- at age 8 years 246 9.1 34 13.8 97 40.9 76 39.6 0.0k
- at age 16 years 509 20.5 48 21.2 136 59.9 96 54.% 0.01
- at age 24 years 674 27.9 71 32.3 148 66.1 107 9 62.<0.01
| gE sensitization”
Inhalant allergens
- at age 4 years 223 10.9 24 11.5 75 42.4 78 459 0.0k
- at age 8 years 391 20.3 39 21.4 122 64.9 85 55.%< 0.01
- at age 16 years 772 38.3 80 42.6 150 76.9 105 0 70.<0.01
- at age 24 years 679 384 65 38.7 135 75.0 82 71.%0.01
Food allergens
- at age 4 years 267 13.0 25 12.0 62 35.0 60 35.3 <0.01
- at age 8 years 316 16.4 30 16.5 82 43.9 62 40.5 <0.01
- at age 16 years 209 104 20 10.6 53 27.2 52 34.7 <0.01
- at age 24 years 100 5.7 17 10.1 44 24.4 35 30.4 <0.01

#The definitions of eczema and rhinitis are provigethis article’s Online Repository at www.jacior.org.

®Immunoglobulin E (IgE) sensitization to inhalartesgens (cat, dog, horse, birch, timothy, mugwdermatophagoides pteronyssinus, andCladosporium herbarum), and food allergens (cow’s milk, peanut,

hen’s egg, wheat, soybean, and fish) at the respeotlow-ups.
°P values obtained using Pearson’s chi-squaredhttisated differences between classes 1 — 4.
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Table Ill. Airflow limitation, inflammatory and respiratory migers in adolescence and young adulthood in
the identified asthma trajectory groups (N = 4,089)

Class 1 Class 2 Class 3 Class 4 Difference
Never/infrequent  Early-onset  Adolescent-onset  Persistent between
asthma transient asthma asthma classes
asthma 1-4
n=3,291,804% n=307,75% n =261, 6.4% n &, 53%%
Lung function n % n % n % n % p vallie
Airflow limitation
(FEV./FVC z-score < LLN)
- at age 16 years 73 4.6 13 8.2 18 10.3 23 18.1 <0.01
- at age 24 years 68 4.2 11 7.2 17 9.9 15 14.2 <0.01
I nflammatory markers
Exhaled nitric oxide (FeNO)> 25 ppb
- at age 16 years 308 18.8 32 21.2 59 36.7 55 41.7 <0.01
- at age 24 years 183 12.2 18 12.0 47 28.3 35 34.3 <0.01
Blood eosinophil cell count
>0.3 x 16 cellsL
- at age 16 years 295 154 37 204 58 30.7 55 38.7 <0.01
- at age 24 years 169 9.8 23 13.9 33 18.5 35 31.0 <0.01
Blood neutrophil cell counf’
- at age 16 years 3.9 x 1GcellsL 611 31.9 48 26.5 66 34.9 48 33.8 0.33
- at age 24 years 4.1 x 10 cellsL 572 33.1 45 27.1 62 34.8 48 42.5 0.06
Respiratory markers
Severe asthma
- at age 16 years 2 0.1 0 0.0 13 6.9 9 6.5 <0.01
- at age 24 years 1 0.06 0 0.0 8 4.1 3 2.2 <0.01
Uncontrolled asthméd
- at age 16 years 69 2.9 8 3.5 93 41.7 72 42.4 <0.01
- at age 24 years 252 104 33 14.9 117 53.7 86 52.4 <0.01
> 12 episodes of breathing difficulti€s
- at age 16 years 14 0.6 1 0.4 22 9.7 14 8.0 <0.01
- at age 24 years 68 2.8 6 2.7 35 15.7 21 12.4 <0.01
Respiratory symptoms following
physical exertio
- at age 16 years 427 175 51 21.6 167 72.6 114 64.4 <0.01
- at age 24 years 214 8.8 32 14.4 112 51.1 78 47.6 <0.01

#The forced expiratory volume in 1 second (REférced vital capacity (FVC) ratio z-score beldvetower limit of normal (LLN), defined as
the lowest 5th percentile in the never-asthmatjoupetion.
®Blood neutrophil cell count were based on the higtetile at the respective follow-up.

‘Severe asthma was defined as asthma with high diadgs of inhaled corticosteroids (ICS), as ICSrseply or as fixed combinations of ICS
and long-acting2-agonists (LABA), plus dispensed LABA (togethertwi€S separately) and/or leukotriene receptor amigtpat least once
to prevent the asthma from becoming or remainirgpuotrolled despite therapy.

dUncontrolled asthma defined as at least 1 of 4 $ymg: daytime asthma, nocturnal asthma, activitjtéition or symptom reliever in the last
12 months preceding the 16- or 24-year follow-up.

*More than 12 episodes of breathing difficultieshia preceding 12 months.

fRespiratory symptoms following physical exertiortlie preceding 12 months.

9P values obtained using Pearson’s chi-squareduesEisher’s exact test indicated differences betwsdasses 3 and 4.
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