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Abstract

Background: For adolescents, asthma management can be chafjethging the transition

to adulthood, and changes in healthcare and phatotacal treatment may occur.

Objective: To investigate asthma-related healthcare consompiid pharmacological
dispensation during the transition process.

Methods: In a Swedish birth cohort study, questionnaire @irdcal data from the 16- and
24-year follow-ups were linked to national and oegil registries for asthma-related
healthcare consumption and dispensed medicatiaisgdan eight-year period: four years
before and after 18 years of age, respectively.

Results: In the study population (n = 1,808), 14% fulfilldee study definition of current
asthma at the 16-, respective 24-year follow-up, & (n = 147) had persistent asthma.
Among them, register data showed that in the f®aryperiod before their Tirthday, 39%
(58/147) had at least one consultation, similah\8it% (55/147) in the following four-year
period. The mean number of consultations beforgel8s was 1.6, compared with 1.0 after
18 years (p = 0.02). At least one dispensatiomgfiahaled corticosteroids (ICS) before 18
years was found for 73% (107/147), compared withb §04/147) after 18 years. The mean
number of dispensed any ICS was 3.1 before 18 yaads2.1 after 18 years (p < 0.01). Only
3% (5/147) had a regular dispensation of any ICG&@nyear during the eight-year period.
Conclusions:Healthcare consultations were fewer than recomedndguidelines and
decreased after the transition to adult health@dreost no one had dispensed regular asthma

medications during the eight-year period.
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Highlights box

77 1. What is already known about this topic?

78 Clinical guidelines for management of asthma exlsis adherence to them is generally
79 low. For adolescents, asthma management can deruialg during the transition to

80 adulthood.

81

82 2. What does this article add to our knowledge?

83 Asthma-related healthcare consultations were feéager recommended in guidelines and
84 decreased after the transition to adult health@dreost no one had regular asthma

85 treatment dispensed during the transition process.

86

87 3. How does this study impact current management guid@es?

88 There is a gap between asthma guidelines and anarsdgement. Increased adherence to
89 current guidelines is required when planning fatirapl care of adolescents and young

90 adults, and their process of transition.

91
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101 severity,
102 young adults.
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104 Abbreviations

105 95% CI: Ninety-five percent confidence interval

106 ATC: Anatomical therapeutic chemical

107 BAMSE: Barn/Child, Allergy, Milieu, Stockholm, Egemiology

108 ERS/ATS: European Respiratory Society and Ameridaoracic Society

109 FEVy: Forced expiratory volume in 1 second
110 FVC: Forced vital capacity

111 GINA: Global Initiative for Asthma

112 ICD-10: International statistical Classificatioh@iseases, version 10
113 ICS: Inhaled corticosteroids

114 IgE: Immunoglobulin E

115 LABA: Long-actingp.-agonists

116 LLN: Lower limit of normal

117 LTRA: Leukotriene receptor antagonist

118 MEFV: Maximal expiratory flow volume

119 OR: Odds ratio

120 SABA: Short-acting3,-agonists

121 SPDR: Swedish Prescribed Drug Register

122 VAL: Stockholm Regional Healthcare Data Warehod&@danalysdatabasen
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Introduction

Most patients with asthma have mild or moderateatis and can be managed in primary
care; with currently available medications, the onigy can be treated effectively (1, 2). The
long-term goal of asthma treatment is to achievarobof symptoms and maintain normal
activity levels (3). It is therefore important egularly monitor symptom control, risk factors,
and response to treatment through follow-up visgigormed by an appropriate suitable
healthcare provider at an appropriate level of €adreSwedish recommendations on asthma
management are similar to the Global InitiativeAsthma (GINA) guidelines. Depending on
level of asthma control and severity, it is recomdes, e.g., that adolescents with asthma
and controller medications should have 1-2 annisédby adults with controlled asthma
should have a follow-up visit once a year, and faients with severe asthma should be
managed by specialty physicians (allergists or pulotogist$ (3-5). At around 18 years old,
management involves a transition from paediatriadolt healthcare (6). Our recent
qualitative study showed that young adults withese\asthma felt left out of the system
during the transition from paediatric to adult hleehre (7). Moreover, they experienced
fewer or no follow-up visits in adult healthcaréuE, it is relevant to investigate if the
transition to adult healthcare influences asthniated healthcare consumption in a wider
group. It is also important to explore how the s of transition affects pharmacological
dispensation, since non-adherence to therapy iEpiarly common during this period (8, 9).
Medication adherence is the cornerstone for impigtne patient’s health-related quality of
life, and an improved adherence can lead to deetessthma morbidity and mortality (10).
The aim of this study was therefore to investigathma-related healthcare
consumption and pharmacological dispensation duhadransition from paediatric to adult
healthcare. A longitudinal approach was used tovodifferent asthma phenotypes during

the entire transition process.
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Methods

Study design

During 1994-1996, parents to all new-borns livingpredefined 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) (11, 12). The omy birth cohort includes 4,089
participants, who have been followed since birtthwepeated follow-ups. At 2 months of
age, a baseline questionnaire was answered. Wheatticipants were approximately ages
1,2, 4,8, 12, and 16 years, parents completéolfailp questionnaires to collect information
about symptoms related to asthma and other alldiggases, lifestyle factors and treatment
of asthma. At 12, 16, and 24 years, participant®vaéso asked to complete a questionnaire
themselves. In addition to the questionnairesptrécipants were invited to undergo clinical
examinations, including blood sampling and lungcfion measurement, at approximately
ages 4, 8, 16, and 24 years.

The study population consisted of 1,808 participavito responded to the
questionnaires and lived in the Stockholm regiobadh the 16- and 24-year follow-ups
(Figure 1). The mean age was 16.5 years at theed6fgllow-up, and 22.4 years at the 24-
year follow-up. For analyses related to the cliheoeaminations, participants with a valid

spirometry measure were included.

Lung function exposure assessment

At the clinical examinations carried out at approately ages 16 and 24 years, lung function
was measured through spirometry using a JaegeeMasteen-I0S system (Carefusion
Technologies, San Diego, CA, USA). All subjectsfpened repeated maximal expiratory

flow volume (MEFV) measurements (13). The highedugs of forced vital capacity (FVC),
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and forced expiratory volume in 1 second (FEWere extracted and used for analysis in
accordance with the European Respiratory Sociedyfanerican Thoracic Society
(ERS/ATS) criteria (14). FEVFVC data were converted to z-scores based on &elence

values (15).

Asthma phenotypes — exposure definitions

Exposure definitions were based on questionnaidechnical data from the 16-, and 24-year
follow-ups.Current asthma was defined as fulfilling at least two of the tmlling three

criteria (16): Symptoms of wheeze and/or breathlifigculties in the last 12 months, ever
doctor’s diagnosis of asthma and/or asthma meditatccasionally or regularly in the last 12
months Persistent asthma was defined as fulfilling the definition of curitesssthma at both

the 16-, and 24-year follow-ups.

Allergic asthma was defined as a combination of asthma and immabatin E (IgE)
sensitisation to inhalant allergens (cat, dog, énoaed/or house dust mite, timothy grass,
birch, mugwort, and/or mould) (17).

Severe asthma was based on ERS/ATS, and GINA guidelines (163, defined as
asthma withhigh daily doses of inhaled corticosteroids (ICS). Information on pharmacy-
dispensed asthma medication within the 18 montios {r each follow-up was obtained by
linkage to the Swedish Prescribed Drug RegisteDE®R18). High doses were identified
when a participant dispensed at least 800 g bud#sor equivalent; 500 ug fluticasone,
or fixed combinations of ICS and long-actipgagonists (LABA). Plus, dispensed LABA
and/or leukotriene receptor antagonists (LTRA)}ast once to prevent the asthma from
becoming or remaining uncontrolled despite ther&mcontrolled asthma was defined as at
least one of the following four alternatives baseddata from the 16- or 24-year follow-ups:

1) Uncontrolled asthma based on modified GINA definition (3, 16). 2) Takeortisone
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tablets dissolved in water for asthma or respigasymptoms>3 days in a row. 3) Sought
acute medical care because of respiratory sympténtsE\V; below 80% of predicted.
Airflow obstruction was defined as the FENVC ratio z-score below the lower limit of

normal (LLN), defined as the lowel"®ercentile in the never asthmatic population.

Data sources of outcome assessment
A flow chart is shown in Figure 1 and presents lqum@stionnaire and clinical data from the
16-, and 24-year follow-ups were linked to mandatwedish health registries between
2008-2018. In total, an eight-year period (basezhupdividual age, participants born 1994—
1996): four years before and four years after &ygehrs, respectively. This period is
hereafter denoted “before and after 18 years”n#eline with study periods and data
collection is presented in Figure E1 (see the @Repository). Data on asthma-related
healthcare consumption were obtained from Stockh®émional Healthcare Data Warehouse:
VAL (19). The VAL database includes complete dataath healthcare consultations in
primary and specialist care, all hospitalisationd medical procedures, and diagnoses based
on the International Statistical ClassificatiorDi$eases, version 10 (ICD-10) (20). For each
healthcare consultation, a maximum of 15 diagnbassd on the ICD-10 can be registered.
One diagnosis is assigned as the main conditioilewthers are secondary (21). We
identified participants with physician-diagnosethasa, ICD-10 codes J45 and/or J46, as
main or secondary diagnosis. With data linked eéogérsonal identity number, it is possible
to follow each individual over time (22).

Information on dispensed asthma medications wearedd by linkage to the national
SPDR using personal identity numbers (18, 22, PB¢ medications included were the
following, classified in accordance with the Anaioal Therapeutic Chemical (ATC)

Classification System (24): short-actipgagonists, SABA (RO3AC02 + RO3ACO03), LABA
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223 (RO3AC12 + RO3AC13), ICS (RO3BA), fixed combinatoof ICS and LABA (RO3AK), and
224 LTRAs (RO3DC).

225

226 Covariates

227 Information on covariates was obtained from theshas questionnaire (gender, mother’s age
228 at birth, parent born outside Sweden, parentalgati@lisease, parental education, and

229 parental smoking).

230

231 Statistical analysis

232 Tests of proportions (categorical variables) antt@ion signed-rank test (continuous

233 variables) were used to study differences betweeups (background characteristics,

234  consultations, levels of care, medical proceduard,dispensed asthma medications). Two-
235 sample Wilcoxon rank-sum test was used to studgeyedifferences. McNemar’s test was
236 used to evaluate differences in asthma control trex. P-values of < 0.05 were considered
237 statistically significant.

238 The association between having had a consultatien B years of age and selected
239 asthma phenotypes (allergic asthma, asthma andvambstruction, asthma with high daily
240 doses of ICS, and severe asthma) was analysed aiggstic regression model. Potential
241 confounders were selected a priori from the previdgarature: gender and socioeconomic
242  status. Expressed as odds ratios (OR) with 95%demdte intervals (Cl).

243 For the main analyses, we used ICD-10 codes J4Braib. Sensitivity analysis with
244  all ICD-10 codes J — “Diseases of the respiratgsgesn” was performed to assess potential
245 underreporting.

246 All analyses were performed with the STATA statigltisoftware (release 14.2; College

247  Station, TX, USA).
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248 The study was approved by the Regional Ethical &eBoard in Stockholm, Sweden.

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

The study population (n = 1,808) had higher prapo#g of female gender (53% vs. 47%),
parental allergic disease (31% vs. 28%), and highegntal education (55% vs. 51%)

compared with excluded participants (n = 2,281¢ (Bable E1 in the Online Repository).

Healthcare consumption

Asthma at the 16-year follow-up

At the 16-year follow-up, 14% (n = 253) of the agkdents fulfilled the study definition of
current asthma (Table I). Of these, 62% (n = 1%d) &llergic asthma, 7% (n = 18) had
airflow obstruction (FEW/FVC z-score <LLN), 24% (n = 60) were dispensecdgily

doses of ICS or fixed combinations of ICS and LABAd 5% (n = 12) fulfilled the definition
of severe asthma (Table II).

In the four-year period before theirlBirthday, 32% (82/253) of the adolescents had at
least one asthma-related consultation, compardd2vito (68/253) in the following four-year
period (Table 1). The mean number of consultatidesreased from 1.2 before 18 years to 0.6
after 18 years (p < 0.01). This relationship wander all asthma phenotypes (Table Il). In
the sensitivity analyses including consultationsdib diagnoses of diseases of the respiratory
system, the mean number of consultations beforeatiad 18 years was 3.0 vs. 2.0, p < 0.01

(see Table E2 in the Online Repository).

Asthma at the 24-year follow-up
At the 24-year follow-up, 14% (n = 248) of the yguadults fulfilled the study definition of
current asthma (Table I). Of these, 60% (n = 14@) &llergic asthma, 6% (n = 15) had

airflow obstruction (FEW/FVC z-score <LLN), 11% (n = 27) were dispensechdgily
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doses of ICS or fixed combinations of ICS and LABAd 4% (n = 9) fulfilled the definition

of severe asthma.

Persistent asthma

Eight percent fulfilled the criteria for persistagthma (Table ). Before 18 years, 39%
(58/147) of these young adults had one or moraresitelated consultation, similar with 37%
(55/147) after 18 years. Only 2% (3/147) had yeeolysultations during the entire study
period of eight years. The mean number of consaftatdecreased from 1.6 before 18 years
to 1.0 after 18 years (p = 0.02).

Figure 2 shows the number of consultations befodeadter 18 years, respectively,
divided by level of care. The most common comboratvas having no consultation either
before or after 18 years, and the second most canwas attending specialist care before 18
years but having no consultation after 18 yearterAt8 years, the mean number of
consultations in primary care increased signifigaabd the number in specialist care
decreased (Table I). The sensitivity analyses staimailar results (see Table E2 in the
Online Repository).

Uncontrolled asthma was found among 57% (80/14#)eafl6-year follow-up, and
among 72% (103/147) at the 24-year follow-up (pG&LY. There were two registered
emergency room visits before 18 years, and foar 48 years. During the study period of
eight years, there was one registered hospitaisatith asthma as the main diagnosis, while
nine of the young adults had hospitalisations wiastema was a secondary diagnosis (eight
on one occasion and one on two occasions).

Of all registered consultations during the studsrqek indirect contacts, for instance by

telephone and mail accounted for a total of 4%38%).
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Factors associated with the odds for respectiver@asphenotypes (allergic asthma,
asthma and airflow obstruction, asthma with higityd#oses of ICS, and severe asthma) and
having a consultation after 18 years among tho#ie pérsistent asthma showed that asthma
with high daily doses of ICS was associated withieased odds of having a consultation
(ORagj= 2.6; 95% CI 1.3-5.6) (Table Ill). Increased oda@se also seen for severe asthma
(ORcruge= 3.9; 95% CI 1.0-16.0), but no significant assberawas seen in the adjusted
model (ORg;= 3.9; 95% CI 0.9-16.1). No association was seeasthma and airflow
obstruction.

The mean number of registered spirometry testsAh Mecreased significantly, from
0.27 before 18 years to 0.16 after 18 years (%)0One or more spirometry was registered
among 27% (40/147) of the young adults before E8sjeand among 16% (24/147) after 18
years.

Figure 3 shows the prevalence of current asthnthttemean number of yearly
consultations in relation to gender. Males hadghéi mean number of consultations before
18 years (male: 2.1, female: 1.2, p = 0.25), bigrdf8 years, no difference was seen (male:

0.9, female: 1.1, p = 0.90).

Pharmacological dispensation

For those with current asthma at the 16-year follpwSABA and any ICS (combining ICS

and fixed combinations of ICS and LABA) dispensasiovere low and decreased

significantly after 18 years for all asthma phempety, except severe asthma (Table 1V).
Among those with persistent asthma, at least osgedsation of SABA before 18 years

was found for 70% (103/147) compared with for 50P%8/147) after 18 years. The average

number was 2.8 before 18 years, and 2.1 after 46y < 0.01) (Table V). Only 3% (4/147)

had a regular dispensation of SABA once a yeamndttthe entire study period of eight years.
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At least one dispensation of any ICS before 18s/eeas found for 73% (107/147), compared
with for 50% (74/147) after 18 years. The mean neindd dispensed any ICS was 3.1 before
18 years and 2.1 after 18 years (p < 0.01) (Tablevily 3% (5/147) had a regular

dispensation of any ICS once a year during theeeptght-year period.
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Discussion

This longitudinal population-based birth cohoryastigating different asthma phenotypes in
relation to asthma-related healthcare consumptioinpharmacological dispensation during
the transition from paediatric to adult healthcatewed that there is a gap between asthma
guidelines and actual management. Almost two thofdee young adults with persistent
asthma had not had any follow-up visit after 18rged age. For all asthma phenotypes,
healthcare consultations were fewer than recomnteimdguidelines, and their frequency
decreased after the transition. The dispensatibastbma medications decreased after the
transition, even for the participants with sevesthima. For all asthma phenotypes, almost no
one had dispensed regular asthma medications dilnengight-year period.

Few previous studies have addressed the tran&itonpaediatric to adult healthcare
for patients with asthma. However, a recent Frestadervational study characterised changes
in asthma care in adult patients with persistettitrag, and found that the number of visits per
year to specialist care increased with time duard@-year period, while the number of visits
to primary care decreased (25). In the presentysthd opposite was seen regarding level of
care. The result was expected, given that Swedisiapy care is responsible for providing
basic medical treatment (26). However, a large @rign of the participants attending
specialist care before age 18 years had no cotisulither in primary or specialist care after
18 years. Patients who are managed well in priroarg can remain with their primary care
physician, ensuring continuity, but the majorityaalolescents with asthma requiring a tertiary
level of care would be expected to need speciedist as adults (8). One of few published
studies examining the impact of randomised refeéar&ither primary or specialist care, and
risk factors for deterioration during the trangitivom paediatric to adult healthcare, showed

that mild/moderate asthma was managed equallyteiédgregardless of level of care (27).
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Our results showed that registered consultations ¥esver than recommended in
international and Swedish guidelines (3-5). A reéd&i$. study assessed clinician-reported
adherence to asthma guideline recommendationdpand that agreement with and
adherence to guidelines was higher for specialyygigians than primary care physicians, and
overall low adherence with e.g., use of writterhasd action plans and medical procedures,
such as spirometry (28). In the present studynthmber of registered spirometry tests was
very low. A single measure of lung function may patvide a true estimate of an
individual’s risk of obstructive disease later (2dpwever, repeated measurements may
reveal a persistent reduction or rapid declinaimglfunction over time, either of which is
more likely to be associated with an increasedafsthronic obstructive pulmonary disease
in early adulthood. It is therefore important thdblescents and young adults with asthma
have regular follow-up visits, even if their asthisanild (8).

A recent Swedish observational cohort study founad dbne out of five adult patients
with severe asthma had visited specialist careusecaf asthma during the course of a year
(30). Furthermore, they showed that one third oiepés with asthma, irrespective of severity,
had visited primary care. The authors discussethtlaay patients probably did not have
regular visits but were managed by prolonged pigtsen of asthma medication through
indirect consultations. Our results showed fomathma phenotypes low numbers of
dispensed asthma medications, that very few haubdsed regular asthma medications, and
that more than two thirds among those with pemstsasthma had uncontrolled asthma at the
24-year follow-up. This is unsatisfactory, as thed-term goal of asthma management is to
achieve control of symptoms through, e.g., treatnf@revious studies have shown that
adherence to ICS is poor, leaving patients exptséuk risks of SABA-only treatment (31,
32). According to the GINA guidelines’ new recomrdations, treatment of asthma with

SABA alone is no longer suggested for adults aradesdents (33). This supports the
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376 importance of consultation and increased undersigraf asthma and asthma management
377  (34).

378 In the present study, among those with persistgthiaa, high daily doses of ICS

379 indicated increased odds of having had a consuiitatiter age 18 years. However, almost
380 two thirds of these young adults had no consultatiber 18 years. Severe asthma also

381 indicated increased odds of having had a consuftabiut the adjusted model did not show a
382 significant association. Results from a recent coslmowed that the proportion of children
383 with severe asthma decreased steadily with inargagie, and approximately half of those
384 with severe asthma in childhood resolved durindest@nce (35). However, a recent cross-
385 sectional study discussed that severe asthma symppmor lung function, and higher airway
386 hypersensitiveness in childhood are predictorseo$iptence of childhood asthma to

387 adulthood (36). These groups should thereforeyuggested in guidelines, have more frequent
388 monitoring during and post transition to adult hiecdre.

389

390 Strengths and limitations

391 Important strengths of the present study incluéepitospective and population-based design
392 of the BAMSE cohort, and the large and well-chagased study sample. Another strength is
393 the use of solid and unique data trough linkagmandatory Swedish health registries, with
394 high quality and coverage. The national SPDR pevicomplete data on the number of

395 individuals exposed to dispensed prescribed meditatn the Swedish population (23). The
396 regional VAL database has approximately 85% coverdall diagnoses in primary care,

397 more than 90% coverage of utilisation in speci&igt, and more than 99% coverage of
398 hospital care (37).

399 Information gathered via healthcare registers rmagptetically also have limitations.

400 There is a potential bias in over- or under-repgrtliagnoses and a risk of variability in data
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quality (38). However, the sensitivity analyseshwitie wider ICD-10 codes showed
comparable results with a slightly improved meamhber of consultations both before and
after 18 years.

The study definition of persistent asthma couldliseussed, since symptoms vary over
time and in intensity. However, the same resultsevgeen for all asthma phenotypes.

Our results are based on the Swedish populationirengeneralisability may be
questioned since healthcare systems vary betwaertira@s; reimbursement systems, modes
of payment, and the uses of specialist services\vasy (21). However, the transition from
paediatric to adult healthcare is an internati@oalcern, and we believe that our results can

be transferred to other countries and populations.

Conclusions

Almost two thirds of the young adults with persigtasthma had not had a follow-up visit
after 18 years of age. For all asthma phenotypesittare consultations were fewer than
recommended in guidelines, and decreased aftérahsition. The dispensations of asthma
medications decreased after the transition, evethéoparticipants with severe asthma. For
all asthma phenotypes, almost no one had dispeagathr asthma medications during the
eight-year period. This study shows that therega@between asthma guidelines and actual
management. Increased adherence to current giedeimequired when planning for optimal

care of adolescents and young adults, includinig tfensition to adult healthcare.
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Tablel. Number of consultations and level of care, fouargebefore and after 18 years of age, in relabasthma at the 16-, and 24-year
follow-ups.

Current asthma at the Current asthma at the Persistent asthma®
16-year follow-up? 24-year follow-up®
n =253 n =248 n =147

Before 18 After 18 p-valu€¢ Before 18 After 18 p-valué Before 18 After 18 p-valu€

At least 1 consultation

n (%) 82 (32) 68 (27) 0.17 68 (27) 76 (31) 043 (3 55(37) 0.72
Number of consultations

Mean (max) 1.2(23) 06(27) <0.01 1.0(23) 0B(2 047 1.6 (23) 1.0(27) 0.02
Primary care

Mean (max) 006(3) 03() <001 004(2) 04(BK00O1L 0052 04(B) <o0.01

Specialist care
Mean (max) 1.1(223) 04(27) <001 1.0(23) 0A(2<0.01 16(23) 06(27) <0.01

#Fulfilling at least two of the following three cgiia: symptoms of wheeze and/or breathing diffiesltn the last 12 months, ever doctor’s diagnoSasthma and/or asthma medicine
occasionally or regularly in the last 12 months.

®Fulfilling the definition of current asthma at bdtie 16-, and 24-year follow-ups.

‘p-values obtained using tests of proportions anlda&on’s signed-rank test indicated differencesveein four years before and after 18 years of agediis and level of care.
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Tablell. Number of consultations and level of care, fouargebefore and after 18 years of age, in relabaasthma phenotypes at the 16-year
follow-up.

Allergic asthma® Asthma and airflow Asthma with high Sever e asthma®
obstruction® daily doses ICS*
n =157 n=18 n =60 n=12

Before 18 After 18 p-valie Before 18 After 18 p-vallle Before 18 After 18 p-valije Before 18 After 18 p-vallie

At least 1 consultation

n (%) 57 (36) 53 (34) 0.64 8 (44) 5(28) 0.30 32)(5 27 (45) 0.47 10 (83) 8 (67) 0.35
Number of consultations

Mean (max) 1.5 (23) 0.9 (27) 0.01 1.7 (10) 0.6 (4) 0.03 2.4 (23) 1.4 (27) 0.01 5.8 (23) 1.6 (4) 0.02
Primary care

Mean (max) 0.05 (2) 0.3(3) <0.01 0.1(1) 0.3(2) 0.16 0.08 (1) 0.4 (2) <0.01 0.08 (1) 0.4 (2) 0.08
Specialist care

Mean (max) 1.4 (23) 0.6 (27) <0.01 1.6 (9) 0.3(3) 0.01 2.4 (23) 1.1 (27) <0.01 5.7 (23) 1.2 (3) 10.0

#A combination of asthma and immunoglobulin E sésesiion to inhalant allergens (cat, dog, horse/@miibuse dust mite, timothy grass, birch, mugwod/or mould) at the 16-year follow-
up.

®The forced expiratory volume in 1 second (REférced vital capacity (FVC) ratio z-score beldvetiower limit of normal, defined as the lowdt fSercentile in the never asthmatic population.
‘Dispensed at least 800 pg budesonide or equiva&t) g fluticasone, or fixed combinations of irgtatorticosteroids (ICS) and long-actifigagonists (LABA).

dAsthma with high daily doses of ICS plus dispenisaBA and/or leukotriene receptor antagonist atieaee in the 18 months prior to the 16-year folapvto prevent the asthma from
becoming or remained uncontrolled, defined asa#tlene of the following four alternatives basedlata from the 16-year follow-up: 1. Uncontrollesttana based on modified GINA
definition (3, 16). 2. Taken cortisone tablets digsd in water for asthma or respiratory symptaBglays in a row. 3. Sought acute medical care lsecafirespiratory symptoms. 4. Impaired
lung function, FE\ below 80% of predicted.

°p-values obtained using tests of proportions aniddXon’s signed-rank test indicated differencesveein four years before and after 18 years of ageidis and level of care.
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Tablelll. Asthma phenotypes at the 16-year follow-up intrefato one consultation after 18 years of age agn@ung adults with persistent

asthma (n = 147). Results obtained with logistgression.

One consultation after age 18 year s of age

n ORCrude (95% CI) ORCAd]usted (95% CI)
Allergic asthma® 109 1.7  (0.7-4.5) 1.8 (0.7-4.7)
Asthma and airflow
obstruction® 10 04  (0.08-1.8) 0.4 (0.07-1.8)
Asthmawith high daily doses B \
inhaled corticoster oids 44 2.4 (1.2-5.0) 2.6 (1.3-5.6)
Severe asthma® 10 39 (1.0-16.0) 3.9 (0.9-16.1)

®Adjusted for gender and socio-economic status.

®A combination of asthma and immunoglobulin E sésesiion to inhalant allergens (cat, dog, horse/@mitbuse dust mite, timothy grass, birch, mugwad/or mould).

°The forced expiratory volume in 1 second (REférced vital capacity (FVC) ratio z-score beldveiower limit of normal, defined as the lowdt Bercentile in the never asthmatic population.
Dispensed at least 800 pg budesonide or equival@t) pg fluticasone, or fixed combinations of irghtorticosteroids (ICS) and long-actihigagonists (LABA).

°Asthma with high daily doses of ICS plus dispens@BA and/or leukotriene receptor antagonist atiemse in the 18 months prior to the 16-year folgwto prevent the asthma from
becoming or remained uncontrolled, defined asa#tlene of the following four alternatives basedlata from the 16-year follow-up: 1. Uncontrollesttana based on modified GINA
definition (3, 16). 2. Taken cortisone tablets digsd in water for asthma or respiratory symptaBglays in a row. 3. Sought acute medical care Isecafirespiratory symptoms. 4. Impaired

lung function, FE\ below 80% of predicted.
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Table V. Number of dispensed asthma medicines, four yedosdoand after 18 years of age, in relation torastiphenotypes at the 16-year

follow-up.
Allergic asthma’® Asthmaand airflow Asthmawith high Sever e asthma’®
obstruction® daily doses | CS"
n =157 n=18 n = 60 n=12
Before 18  After 18 p-valfe Before 18 After 18 p-valje Before 18  After 18 p-valje Before 18  After 18  p-valde

Number of dispensed:
Short-acting p.-agonists

(SABA)
Mean (max) 2639 18(2) <0.01 3.3(17) 1.1 (8) <0.01 8@@9) 2642 <0.01 3.1(7) 3.5(11) 0.6
L ong-acting p,-agonists

(LABA)
Mean (max) 0.2 (5) 0.2 (11) 0.71 0.6 (7) 0.6 (10) 0.61 0.2(5) 0.2(7) 0.56 1.0 (5) 0.8 (7) 0.53
Inhaled corticosteroids

(1C9
Mean (max) 1.2 (16) 0.7 (9) <0.01 2.0(12) 0.1(2) <0.01 @8 09(16) <0.01 3.6(22) 2.3(16) 0.2.
Fixed combinations

of ICSand LABA
Mean (max) 19(18) 1.1(24) <0.01 1.6 (8) 0.9(11 0.07 39(18) 24(16) <0.01 5718 41(11) .110
Any inhaled

corticosteroids (1CYS)
Mean (max) 31(220) 18(24) <0.01 36(200 09Y(1 <0.01 57(@23) 32(17) <0.01 9.3(23) 6.3(16 0.22
Leukotrienereceptor

antagonists (LTRA)
Mean (max) 0.7(14) 0417 0.22 1.9 (13) 0.7 (9) 0.05 1.7 (13) 1.0 (11) 0.02 59(13) 2.7(11) 0.C

%A combination of asthma and immunoglobulin E sésediion to inhalant allergens (cat, dog, horse/@mbuse dust mite, timothy grass, birch, mugwod/or mould).
®The forced expiratory volume in 1 second (REférced vital capacity (FVC) ratio z-score beldvetower limit of normal, defined as the lowét Bercentile in the never asthmatic population.
‘Dispensed at least 800 pg budesonide or equivalé&®) g fluticasone, or fixed combinations of irgtatorticosteroids (ICS) and long-actigigagonists (LABA).
dAsthma with high daily doses of ICS plus disperis@BA and/or leukotriene receptor antagonist attiease in the 18 months prior to the 16-year foloto prevent the asthma from
becoming or remained uncontrolled, defined asa#tlene of the following four alternatives basedlata from the 16-year follow-up: 1. Uncontrollesttana based on modified GINA
definition (3, 16). 2. Taken cortisone tablets digsd in water for asthma or respiratory symptaiBglays in a row. 3. Sought acute medical care Isecafirespiratory symptoms. 4. Impaired
lung function, FE\ below 80% of predicted.

°p-values obtained using Wilcoxon’s signed-rank iedicated differences between four years beforkadter 18 years of age for respective dispenstunasmedicines.
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TableV. Number of dispensed asthma mediciri@s; years before and after 18 years of ageelation to asthma at the 16-, and 24-year vollo

ups.
Current asthma at the Current asthma at the Persistent asthma®
16-year follow-up? 24-year follow-up®
n =253 n =248 n =147

Before 18 After 18 p-valu€¢ Before 18 After 18 p-valué Before 18 After 18 p-valué

Number of dispensed:

Short-acting p,-agonists

(SABA)

Mean (max) 23(39) 14(52) <001 19@39 16052 <001.8@9 21(52 <0.01
L ong-acting p.-agonists

(LABA)

Mean (max) 0.2(12) 0.2(11) o0.80 02(7) 0.2(11) o0.61 0p(70.3(11) 0.25
Inhaled corticoster oids

(1Ccs)

Mean (max) 1.1(22) 06(16) <001 09(22) 0.7(16) 0.18 ®2 09(6) <0.01
Fixed combinations of

ICSand LABA

Mean (max) 15(18) 0.8(24) <001 12(18 192 0.02 1.9(18) 1.3(24) <0.01
Any inhaled

corticosteroids (1CS)

Mean (max) 26(23) 14((24) <001 203 142 0.03 3.1(223) 21(224) <0.01
L eukotriene receptor

antagonists (LTRA)

Mean (max) 0.7(14) 0.4(17) 0.01 0.5(14) 0.4 (17)0.47 0.7(14) 05(17) 0.14

Fulfilling at least two of the following three citia: symptoms of wheeze and/or breathing diffiesltn the last 12 months, ever doctor’s diagnosasthma, and/or asthma medicine

occasionally or regularly in the last 12 months.
PFulfilling the definition of current asthma at bdtie 16-, and 24-year follow-ups.
‘p-values obtained from Wilcoxon’s signed-rank tedtcated differences between four years beforeadted 18 years of age for respective dispensdurasmedicines.
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Figure captions and footnotes

Figure 1. Study flow chart of the study population (n = 880nked to data sources for
asthma-related healthcare consumption and pharogical dispensation.

Figure 2. Number of consultations four years before and df8eyears of age, divided by
level of care, among young adults with persiststitraa (n = 147).

%Consultations in both primary and specialist caeeaamerged into specialist care (n = 4).

Figure 3. The mean number of yearly consultations among gdemales (n = 79) and males
(n = 68) with persistent asthma and the prevalefi@sthma during this time peridd

®The prevalence of current asthma is plotted basdt@prevalence at the 12-, 16-, and 24-
year follow-ups.



BAM SE birth cohort
Basdine N = 4,089

16-year follow-up n %
Questionnaire 3,115 76
Blood 2,547 62
Spirometry 2,056 50

24-year follow-up n

%

Questionnaire 3,064 75

Blood 2,235 55

Spirometry 2,032 50
Study population | n %
Questionnaire at 16 1,808 44
Blood at 16 1,597 39
Spirometry at 16 1,288 31
Blood at 24 1,479 36
Spirometry at 24 1,349 33

Fulfilled the study definition of asthma at
the 16-, respective 24-year follow-ups

Data collected 4 years before and after 18 years of age

Stockholm Regional Healthcare
Data Warehouse (VAL)

ICD-10 codes J45 and J46

Swedish Prescribed Drug
Register (SPDR)
ATCRO03
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Table E1.Distribution of selected background characteristiceong included and not included participants engresent study N = 4,089).

Included Not included

Background characteristics n=1,808 n=2281

n % (95% CI) n % (95%Cl) p-vallie
Gender
Female 951 53 (50.3-54.9) 1,073 47 (45.0-49.1) <0.01
Mother’s age at birth
< 25 years 1337 (6.2-8.7) 186 8 (7.1-9.3) 0.34
Parent born outside Sweden
Yes 370 21 (19.6-23.5) 348 21 (18.8-22.6) 0.55
Parental allergic diseas®
Yes 563 31 (29.3-33.6) 637 28 (26.5-30.2) 0.03
Parental educatior”
University 998 55 (52.9-57.5) 1,163 51 (48.9-53.0) <0.01
Parental smoking at baselin¢
Yes 382 21 (19.4-23.2) 473 21 (19.2-22.6) 0.76

Mother and/or father with doctor’s diagnosis ohasa and asthma medication and/or doctor’s diagrdsiay fever in combination with reported alletgyfurred pets and/or pollen at the

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

‘Any of the parents smoked at least one cigarettel@gat the time of baseline questionnaire.
dp-values obtained using tests of proportions irteitalifferences between included and excludedqipatits.
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Table E2.Consultations and level of care for ICD-10 JO0-J89 years before and after 18 years of age,lation to asthma at the 16-, and
24-year follow-ups.

ICD-10 JO0-J99: diseases of the respiratory system

Asthma at the Asthma at the Persistent asthm?
16-year follow-ug 24-year follow-ug?
n =253 n =248 n=147

Before 18 After 18 p-valué Before 18 After 18 p-valué Before 18 After 18 p-valué

At least 1 consultation

n (%) 185 (73) 162 (64) 0.03 172 (69) 174 (70) 0.85 109 (74) 105 (71) 0.60
Number of consultations

Mean (max) 3.0(40) 2.0(33) <0.01 29((40) 23(3 0.06 35(40) 2433 <0.01
Primary care

Mean (max) 1.6 (12) 1.2 (8) 0.01 1.4(12) 1.4(11)0.82 1.5(12) 1.3(8) 0.43

Specialist care
Mean (max) 1537) 08(27) <001 14(37) 0B 0.01 2037) 1.1(227) <0.01

#Fulfilling at least two of the following three cgiia: Symptoms of wheeze and/or breathing diffiesltn the last 12 months, ever doctor’s diagnobasthma and/or asthma medicine
occasionally or regularly in the last 12 months.

PFulfilling the definition of asthma at both the 1&nd 24-year follow-ups.

“p-values obtained using tests of proportions anildd&on’s signed-rank test indicated differencesveen four years before and after 18 years of ageidiis and level of care.



17 Figure caption
18
19  Figure E1. Timeline with study periods and data collection.
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