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ARTICLE INFO ABSTRACT

Keywords: Background: Although remission occur, childhood-onset asthma may persist until adulthood. Since few longi-
Asthma tudinal population-based studies have followed a cohort from childhood until adulthood, the knowledge on
Remission

predictors of persistence of asthma is sparse.

26132:1010 Aim: To estimate persistence of asthma from 8 to 28 years and its associated factors.
Lsngitu dinagly Methods: Within the OLIN (Obstructive Lung Disease in Northern Sweden) studies, a cohort was recruited in 1996

(age 8y, n = 3430) and followed annually with questionnaires about asthma and risk factors until 19y. Clinical
examinations included skin prick tests (at 8, 12 and 19y) and lung function tests (17 and 19y) whereof a sub-
sample performed bronchial hyperreactivity test. We identified n = 248 with asthma at 8y whereof 170 (69%)
participated in a follow-up at 28y (73% of possible to invite).

Results: Of the 170 participants at 28y, 105 (61.8%) had persistent asthma (women: 49/76, 64.5%; men: 56/94,
59.6%, p = 0.513). Factors collected at recruitment: allergic sensitization (OR7.8, 95%CI 3.0-20.2), severe
respiratory infection (OR2.6, 95%CI 1.1-6.3) and higher asthma severity score (OR1.6, 95%CI 1.1-2.4) were
associated with asthma at 28y after adjustment for sex, family history of asthma, breastfeeding <3 months and
eczema. Replacing allergic sensitization with rhinoconjunctivitis in the model yielded OR3.4 (95%CI 1.5-8.0).
Bronchial hyperreactivity at age 17y associated with asthma at 28y (OR9.0, 95%CI 1.7-47.0).

Conclusions: Among children with asthma onset by 8y, 62% still had asthma at age 28 years. Persistent asthma
was associated with allergic sensitization, rhinoconjunctivitis, severe respiratory infection, a more severe asthma
and bronchial hyperreactivity.

Risk factors

multimorbidity in childhood is associated with persistence as well as
relapse of asthma in adulthood [2,8,9]. Furthermore, in a long-term
follow-up of a birth cohort, among those with asthma in remission
airway obstruction in late adolescence was associated with relapse of
asthma in young adulthood [7].

There are indeed early life events associated with childhood onset of
asthma, for instance low birthweight, no or short time of breastfeeding,
house dampness, smoking during pregnancy, exposure to parental
smoking and severe respiratory infections [10-13]. Many of these fac-
tors have also been associated with the persistence of asthma until
adulthood [6]. Since there are only a few prospective studies following a
cohort from childhood until adulthood, the knowledge on persistence,
remission and relapse of asthma and its associated factors are sparse.

The Obstructive Lung Disease in Northern Sweden (OLIN) studies
have previously shown that the remission of asthma was 21% from 8 to
19 years of age and that having a less severe asthma and a negative skin
prick test (SPT) was associated with remission in late adolescence [14].

1. Introduction

Although asthma usually is considered a chronic disease, remission
can occur. Remission of asthma with onset in adulthood is low [1],
whereas asthma with onset in childhood is more likely to remit [2,3].
The reported asthma remission rates from childhood to young adulthood
vary greatly, from 16 to 60% [4]. Explanations for the large variation
may be differences in the ages of the study populations, the length of the
observation period, and the definition of remission, as there is no gold
standard. However, what is perceived as remission could also be a
temporary period without symptoms [5] while the underlying pathology
still remains [6]. Thus, with a longer follow-up those with periodic
asthma symptoms may relapse [1,7].

Although asthma can occur without eczema, rhinitis or allergic
sensitization, these atopic conditions often exist concomitantly, referred
to as allergic multimorbidity. It has been shown that allergic
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Abbreviations

BHR bronchial hyperreactivity

BMI body mass index

CI confidence interval

FEV; forced expiratory volume in 1 s

FVC forced vital capacity

GLI global lung function initiative

ISAAC international study of asthma and allergies in childhood
LLN lower limit of normal

OLIN the obstructive lung disease in northern Sweden

OR odds ratio
SPT skin prick test

The aim of the current study was to estimate the persistence of asthma in
an even longer perspective, up to 28 years of age, and its associated
factors. We hypothesized that lasting remission of childhood asthma is
not as common as previously assumed.

2. Material and method
2.1. Study design and sample

The OLIN studies recruited its first pediatric cohort in 1996; the
study design and recruitment procedure has been described elsewhere
[15,16]. In summary, the parents to all children attending first and
second grade, aged 7-8 years (median age 8) from three municipalities
in northern Sweden (Kiruna, Lule and Pited) were invited to complete a
questionnaire about asthma, rhinitis and eczema. Of the invited, 97%, n
= 3430, participated, of which 248 children with current asthma were
identified either by self-reported physician-diagnosed asthma or diag-
nosed by a pediatrician in a validation study [14,17]. There were annual
follow-ups by questionnaire until the age of 19 years and at age 28 years
a follow-up survey by postal questionnaire was performed (Fig. 1). Of
the n = 3245 still alive and possible to trace, n = 2291 participated, 71%
of invited and 67% of the original cohort [18,19]. Of the 248 children

Individuals with
current asthma 8y

n=248

Luled, Pited and Kiruna
Questionnaire, n=3525
51% Boys
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with asthma at age 8 years, 234 were possible to invite and 170
participated and constitute our study sample.

The Regional Ethical Review Board in Ume&, Sweden, has approved
the study (96-032; 99-408; 2014/365-31; 2015-379-32 M). At
recruitment, the parents provided written consent, and as adults the
participants provided consent themselves.

2.2. Questionnaire

The same questionnaire was used for all annual surveys between 8
and 19 years of age [14,20], including the International Study of Asthma
and Allergies in Childhood (ISAAC) core questions about asthma,
rhinitis and eczema [21]. Questions about physician-diagnosis and use
of asthma medication, as well as potential risk factors such as parental
smoking, family history of allergic diseases, environmental exposures,
respiratory infections, birth weight and breastfeeding were added [20].
The question about physician diagnosis of asthma has been clinically
validated showing a specificity of 99% and sensitivity 70% [17]. In
2015, at age 28 years, the OLIN questionnaire for adults was used [22],
which included questions about physician-diagnosis of asthma, respi-
ratory symptoms and use of asthma medication last 12 months [19].

2.3. Clinical examinations

2.3.1. Skin prick tests

The children in two of the municipalities were invited to skin prick
tests (SPT) at age 8y, 12y and 19y. A standard panel of ten airborne
allergens were used; birch, timothy, mugwort, cat, dog, horse, two mites
(Dermatophagoides Farinae and D. Pteronyssinus) and two molds (Clado-
sporium and Alternaria) (Soluprick, ALK, Hgrsholm, Denmark). A posi-
tive SPT reaction was defined as a mean wheal >3 mm after 15 min to
any of the tested allergens.

2.3.2. Height and weight

Height and weight was measured prior to the lung function test. In 13
individuals, spirometry was not performed and for these, self-reported
height and weight from the questionnaire was used for calculation of
body mass index (BMI).

Clinical examination in 2005

n=206 of the n=248 (ca 83%)

Skin Prick Tests, n=190 (92%)

Lung function, n= 198 (96%)

Random subsample metacholine-test,
n=53 (26%)

Postal questionnaire
n=170
(73% of invited)

Luled, Pitea and Kiruna
Responders, n=3430
(participation rate 97%)

Annual questionnaire surveys from 8y to 19y

Postal questionnaire
n=2291
(71% of invited)

! !

Clinical examinations
(Lulea and Kiruna)

Skin Prick Tests, n=2149
(participation rate 88%)

Clinical examinations
Skin Prick Tests, n=2053

!

Clinical examinations
Skin Prick Tests, n=1868
Lung function, n=1884

1996 2000
8y 12y

2005  2006-07 2015
17y 19y 28y

Fig. 1. Flow chart of the first OLIN pediatric cohort, green arrows/box illustrates the current study population. (For interpretation of the references to colour in this

figure legend, the reader is referred to the Web version of this article.)
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2.3.3. Spirometry

Lung function tests at age 19 years were performed according to the
previously accepted international guidelines [23] using a Spirare
flow-volume spirometer (Diagnostica, Oslo, Norway). If a spirometry
was not performed at 19y, the results from a previous lung function test
at age 17 years were used (n = 50) (using a dry volume spirometer
Vicatest 5, Mijnhardt, Odijk, the Netherlands). The Global Lung function
Initiative (GLI) reference values for spirometry were used [24] for
calculation of % predicted (pp) for Forced Vital Capacity (FVC), Forced
Expiratory Volume in 1 s (FEV7) and for FEV;/FVC < LLN (Lower Limit
of Normal).

2.3.4. Bronchial hyperreactivity

Bronchial hyperreactivity (BHR) was measured by a Metacholine
provocation test performed in a randomly selected subsample of 53 in-
dividuals at age 17 years [14]. BHR was defined by a 20% decrease in
FEV; in accordance with a method described by Nieminen [25].

2.4. Definitions

Physician-diagnosed asthma: an affirmative answer to the question
“Has your child/have you been diagnosed by a physician as having
asthma?”

Asthma by 8 years: onset before age 8 years based on reported
physician-diagnosis of asthma or diagnosed by a pediatrician in a
validation study following the questionnaire survey [17].

Wheeze last 12 months: affirmative response to the question ‘Have
you/Has your child had wheeze in the last 12 months?‘.

Asthma severity score: was based on an arbitrary score ranging from
0 to 5 and included wheeze last 12 months, daily use of asthma
medication, >1 night per week with disturbed sleep, at least one
episode of speech-limiting wheeze, and >12 episodes of wheezing.
Each item should have occurred during the last 12 months and
yielded one point each [26].

Asthma at 19 years was categorized as follows [14].

Remission 19y: neither wheeze nor use of asthma medications during
the last 12 months as reported at age 19y and in the two preceding
annual surveys (i.e. for >3 years).

Persistent asthma 19y: report of wheeze or use of asthma medication
in the last 12 months in all questionnaires.

Periodic asthma 19y: neither remission nor persistent asthma.

Asthma at 28 years was categorized as follows.

Current asthma (persistent asthma 28y): wheeze or use of asthma
medications during the last 12 months.

Current asthma (relapse 28y): Individuals with current asthma at 28y
that were in remission at 19y.

Remission 28y: neither wheeze nor use of asthma medications during
the last 12 months.

Allergic multimorbidity: Presence of asthma as well as either a positive
SPT, rhinoconjunctivitis or eczema.

Allergic sensitization 8y: defined as a positive SPT at age 8y.

Allergic sensitization by 19y: any positive SPT at age 8, 12 or 19y.

Definitions of potential predictors of persistence and remission of
asthma are presented in an online supplement table E1.

2.5. Statistical analyses

Statistical analyses were performed using SPSS, version 26.0 (IBM
Corp, New York, USA). A p-value of <0.05 was considered statistically
significant. Chi-square tests, or Fisher’s exact test when appropriate,
were used for comparisons of proportions. For comparison of means, t-
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test or ANOVA was used. Last observation carried forward was utilized
for missing values on individual questions. Sex, family history of asthma
and significant risk factors in unadjusted analyses were included in
adjusted regression analyses. Logistic regression analysis was per-
formed, with ‘remission 28y’ as reference and ‘current asthma’ at age 28
years as outcome and the results presented as odds ratios (OR) with 95%
confidence intervals (95% CI). The adjusted analyses were performed
with the covariates rhinojonjunctivitis and allergic sensitization entered
one at the time in separate models. Finally, an adjusted analysis was
performed where all risk factors were analyzed by backward stepwise
logistic regression. In addition, stratified analyses by sex and allergic
sensitization, respectively, were performed.

3. Results
3.1. Lost to follow-up in 2015

Of the 248 individuals with asthma by 8 years of age, six had
migrated from Sweden, eight could not be traced and 64 of those
possible to invite declined participation by 28 years of age. Of the 234
invited, 170 individuals (73%) participated in the follow-up survey at
28y, whereof n = 76 (44.7%) were women. Compared with the 170
participants, having smoking parents was more common among the 78
non-participants (57.4% vs. 37.7%, p = 0.008) (Online supplement table
E2). However, there were no significant differences in sex distribution,
family history of asthma, low birthweight, breastfeeding <3 months,
any severe respiratory infection, asthma severity score or allergic mul-
timorbidity by 8y.

3.2. Persistence, remission and relapse of asthma from 8 to 28 years of
age

Among the 170 individuals, 105 (61.8%) had current asthma at age
28y while 65 (38.2%) were in remission. Fig. 2 illustrates changes in
asthma status from 8y, until the follow-up at 19y and further to 28y. Of
the 32 in remission by 19y (of which 73% were men), there were 24
(75.0%) individuals with lasting remission until 28y. Eight individuals
(25.0%) of those in remission by 19y had relapsed and had current
asthma at 28y. Those in remission at 28y included 10 individuals cate-
gorized as persistent asthma at 19y and 28 individuals with periodic
asthma at 19y. Of the n = 68 with persistent asthma at age 19y, 14.7%
were in remission at age 28y. Correspondingly, of the n = 64 with

e Current asthma 28y: 58

Persistent 19y: 68

Current asthma: 39

‘

Current asthma (relapse): 8

Asthma by 8y: 170
Periodic 19y: 64

Remission: 38

w Remission 19y: 32|
. Remission 28y: 27

Could not be classiﬂed: 6m

Fig. 2. Sankey diagram illustrating the persistence and remission of asthma up
to 28 years among those with asthma onset by 8 years.
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periodic asthma, 43.8% were in remission.
3.3. Characteristics of those with current asthma at 28 years

Severe respiratory infection in childhood was reported more
frequently among those with current asthma at 28y than among those
without (82.9% vs 69.2%, p = 0.038), while breastfeeding <3 months
was more common among those in remission (50.0% vs 29.7%, p =
0.009) (Table 1). Having eczema, rhinoconjunctivitis or allergic sensi-
tization at 8y were significantly more common among those with cur-
rent asthma than among those in remission. A higher mean asthma
severity score at 8y was associated with current asthma at 28y.

There were no differences in clinical characteristics at 19y regarding
lung function measures, BMI, daily smoking, exposure to parental to-
bacco smoke or house dampness between those with and without cur-
rent asthma at age 28y (Table 2). However, presence of bronchial
hyperreactivity (BHR) at 17y was more common among those with
current asthma at 28y than those without (76.9% vs 33.3%, p = 0.006),
as was rhinoconjunctivitis at 19y and allergic sensitization by 19y.

3.4. Risk factors for current asthma at 28y

In an adjusted analysis (model A), current asthma was associated
with asthma severity score (OR 1.5) and rhinoconjunctivitis at age 8y
(OR 3.4) (Table 3). When allergic sensitization by 8y was included in the
model instead of rhinoconjunctivitis (model B), current asthma was
associated with severe respiratory infection (OR 2.6), asthma severity
(OR 1.6) and allergic sensitization at 8y (OR 7.8) respectively. When all
risk factors were analyzed by backward stepwise logistic regression
(model C), severe respiratory infection, breastfeeding <3 months,
asthma severity and allergic sensitization were significantly associated
with current asthma. Breastfeeding <3 months was significantly nega-
tively associated with current asthma in all models, with ORs of
0.41-0.46. When breastfeeding was excluded from the models, no major
differences in the ORs and ClIs of the other variables were seen.

In an adjusted analysis including sex, family history and rhino-
conjunctivitis at 19y, BHR at age 17y remained associated with current
asthma (OR 8.14, 95% CI 1.61-41.01). When adjusting for allergic

Table 1
Childhood factors in association with current asthma or remission, respectively,
at age 28 years among those with asthma at age 8 years, presented as n (%).

Asthma status at age 28y p-value
Childhood factors, age 8y Current asthma Remission’

n = 105 (%) n = 65 (%)
Boys 56 (53.3) 38 (58.5) 0.513
Family history of asthma 43 (41.0) 30 (46.2) 0.506
Birthweight <2500g 8(8.0) 34.7) 0.313
Breastfeeding <3 months 30 (29.7) 32 (50.0) 0.009
Severe respiratory infection 87 (82.9) 45 (69.2) 0.038
Smoking during pregnancy 22 (21.4) 19 (29.7) 0.224
Maternal smoking first 2y 30 (29.7) 21 (32.8) 0.674
Paternal smoking first 2y 24 (24.0) 16 (26.2) 0.751
Any parent smoking first 2y 37 (35.9) 26 (40.6) 0.542
Ever house dampness 28 (28.0) 14 (21.9) 0.381
Rural living 16 (15.2) 9 (13.8) 0.803
Ever eczema 68 (64.8) 31 (47.7) 0.028
Ever rhinitis 68 (64.8) 22(33.8) <0.001
Rhinoconjunctivitis 45 (42.9) 11 (16.9) <0.001
Allergic sensitization? 50 (69.4) 12 (26.7) <0.001
Asthma severity score®, mean (SD) 1.58 (1.06) 1.05 (0.93) <0.001

INeither wheeze nor asthma medicine use last 12 months. 2Among the n = 117
participating in SPT, skin prick test, at age 8y. >Asthma severity score with range
0-5. Higher scores indicate a more severe asthma. Bold font indicates p < 0.05.
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Table 2

Clinical characteristics at age 19 years in association with current asthma or
remission by 28 years, among those with asthma at recruitment at age 8 years.
Presented as n (%) unless otherwise stated.

Asthma status at age 28y p-value

Characteristics at age 19y

Current asthma Remission®

n =105 n =65
Lung function®
FEV; pp, mean (SD) 93.7 (11.2) 96.4 (10.4) 0.136
FVC pp, mean (SD) 97.3 (10.7) 96.9 (10.6) 0.828
FEV; pp < 80 11 (11.3) 4(6.7) 0.249
FEV;/FVC < LLN 13 (13.4) 3(5.0) 0.074
Bronchial hyperreactivity3 20 (76.9) 5(33.3) 0.006
Body Mass Index
BMI, mean (SD) 23.8 (4.6) 23.1 (4.2) 0.341
BMI categories
Underweight (BMI <18.5) 4(4.1) 5(8.1) 0.479
Normal weight (BMI 18.5-24.9) 64 (65.3) 40 (64.5)
Overweight (BMI 25-29.9) 18 (18.4) 13 (21.0)
Obese (BMI >30) 12 (12.2) 4 (6.5)
Daily smoker* 13 (14.4) 7 (11.5) 0.597
Mother smoker® 22 (25.0) 16 (26.7) 0.820
Father smoker® 14 (16.3) 13 (22.8) 0.329
Current house dampness 5(5.5) 2 (18.0) 0.804
Ever eczema 51 (48.6) 24 (36.9) 0.137
Ever rhinitis 41 (39.0) 17 (26.2) 0.085
Rhinoconjunctivitis 41 (39.0) 12 (18.5) 0.005
Allergic sensitization by 19y7 71 (80.7) 37 (62.7) 0.016

INeither wheeze nor asthma medicine use last 12 months. 2Among the n = 157
participating in spirometry. >Among the n = 53 participating in bronchial hy-
perreactivity test. “n = 19 missing. >n = 22 missing ®n = 27 missing ’Among the
n = 147 participating in SPT, skin prick test, either at age 8y, 12y, or 19y.
FEV;=Forced Expiratory Volume in 1 s. FVC=Forced Vital Capacity. LLN =
Lower Limit of Normal. BMI=Body Mass Index. Bold font indicates p < 0.05.

sensitization at 19y but not rhinoconjunctivitis, only BHR remained (OR
8.98, 95% CI 1.72-47.00) significantly associated with current asthma
at 28y.

3.5. Current asthma at age 28 years stratified by sex and allergic
sensitization, respectively

The proportion of current asthma was similar among women and
men (n = 49/76 (64.5%) and n = 56/94 (59.6%), respectively, p =
0.513). Men and women had a similar risk factor pattern but the ana-
lyses were unpowered (Online supplement, table E3 and E4).

Among those with allergic sensitization by 19y, current asthma was
associated with breastfeeding more than 3 months, severe respiratory
infection, ever rhinitis, rhinoconjuctivitis and a higher mean asthma
severity score at 8y (Table 4). Among those without allergic sensitiza-
tion by 19y, current asthma at age 28y was associated with low
birthweight.

4. Discussion

In this population-based, long-term follow-up of childhood asthma,
170 individuals were followed until 28 years of age, and although some
were in remission as teenagers, almost two thirds still had current
asthma in adulthood. Persistence of asthma from childhood to adult-
hood was associated with allergic sensitization and rhinconjunctivitis
but also severe respiratory infection, breastfeeding >3 months, asthma
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Table 3

The association between childhood factors and current asthma at 28 years, among the n = 170 with asthma onset by 8 years. Unadjusted analyses and adjusted analyses
using logistic regression with remission at age 28 years as reference and current asthma as outcome and with the results presented as odds ratios (OR) with 95%
confidence intervals (95%CI). Model A includes rhinoconjunctivitis, Model B includes allergic sensitization and in Model C all risk factors were analyzed by backwards
stepwise logistic regression.

Outcome: current asthma at age 28y

Childhood factors, age 8y

Unadjusted Adjusted Model A Adjusted Model B2 Adjusted Model C

OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Boys 0.81 (0.44-1.52) 0.84 (0.42-1.70) 0.79 (0.38-1.64)
Family history of asthma 0.81 (0.43-1.51) 0.60 (0.29-1.21) 0.57 (0.27-1.20)
Breastfeeding <3 months' 0.42 (0.22-0.81) 0.41 (0.20-0.84) 0.45 (0.21-0.96) 0.46 (0.22-0.96)
Severe respiratory infection 2.15 (1.03-4.46) 2.28 (0.99-5.25) 2.60 (1.07-6.32) 2.59 (1.09-6.16)
Ever eczema 2.02 (1.07-3.79) 1.11 (0.53-2.31) 1.21 (0.57-2.57)
Rhinoconjunctivitis 3.68 (1.73-7.83) 3.43 (1.48-7.96)
Allergic sensitization at age 8y 2.53 (1.09-5.85) - 7.78 (3.00-20.15) 7.24 (2.86-18.28)
Asthma severity score? 1.79 (1.24-2.57) 1.48 (1.00-2.18) 1.60 (1.08-2.38) 1.62 (1.10-2.38)

IReference: breastfeeding >3 months. >Asthma severity score with range 0-5. Higher scores indicate a more severe asthma. Bold font indicates p < 0.05. ®Interaction
term between allergic sensitization and asthma severity score: p = 0.133.

Table 4
Childhood factors in association with current asthma at age 28y, stratified by allergic sensitization, among the n = 147 with current asthma that participated in skin
prick test (SPT). Presented as n (%) unless otherwise stated.

Childhood factors, age 8y All negative SPT All positive SPT Asthma status at age 28y

Negative SPT Positive SPT p-value?
Current asthma Remission® Current asthma Remission’
n =39 n =108 n=17 n =22 p-value? n=71 n =37

Sex, men 20 (51.3) 61 (56.5) 7 (41.2) 13 (59.1) 0.267 39 (54.9) 22 (59.5) 0.652
Family history of asthma 13 (33.3) 52 (48.1) 4 (23.5) 9 (40.9) 0.213 33 (46.5) 19 (51.4) 0.631
Birthweight <2500g 6 (16.2) 3(2.9) 5(31.3) 1(4.8) 0.043 1(1.5) 2(5.4) 0.288
Breastfeeding <3 months 23 (59.0) 28 (27.2) 8 (47.1) 15 (68.2) 0.184 14 (20.9) 14 (38.9) 0.050
Severe respiratory infection 34 (87.2) 78 (72.2) 16 (94.1) 18 (81.8) 0.255 56 (78.9) 22 (59.5) 0.033
Smoking during pregnancy 14 (35.9) 22 (21.0) 6 (35.3) 8(36.4) 0.945 12 (17.4) 10 (27.8) 0.214
Maternal smoking first 2y 17 (43.6) 29 (28.2) 7 (41.2) 10 (45.5) 0.789 19 (28.4) 10 (27.8) 0.950
Paternal smoking first 2y 12 (34.2) 24 (23.1) 4(26.7) 8 (40.0) 0.324 17 (24.6) 7 (20.0) 0.596
Any parent smoking first 2y 21 (53.8) 36 (34.3) 8 (47.1) 13 (59.1) 0.455 24 (34.8) 12 (33.3) 0.882
Ever house dampness 13 (33.3) 28 (27.5) 6 (35.3) 7 (31.8) 0.819 21 (31.8) 7 (19.4) 0.181
Ever eczema 16 (41.0) 69 (63.9) 9 (52.9) 7 (31.8) 0.184 49 (69.0) 20 (54.1) 0.125
Ever rhinitis 12 (30.8) 66 (61.1) 6 (35.3) 6 (27.3) 0.590 52 (73.2) 14 (37.8) <0.001
Rhinoconjunctivitis 1(2.6) 47 (43.5) 0 1(4.5) 0.564 39 (54.9) 8 (21.6) <0.001
Asthma severity score®, mean (SD) 1.26 (1.0) 1.44(1.1) 1.24 (0.9) 1.27 (1.1) 0.911 1.70 (1.1) 0.92 (0.8) <0.001

INeither wheeze nor asthma medicine use last 12 months. 2Comparing current asthma and remission among individuals with a negative and positive SPT, skin prick
test, respectively. *Asthma severity score with range 0-5. Higher scores indicate a more severe asthma. Bold font indicates p < 0.05.

severity at 8y years of age, and bronchial hyperreactivity in adolescence.

Through our prospective study design, including multiple measure-
ments from childhood, adolescence and up to adulthood, we were able
to make a detailed long-term prognosis of childhood onset asthma.
Overall, both the majority of those in remission at 19 years of age and
the majority of those with persistent asthma until 19 years of age had the
same asthma status 10 years later. Nevertheless, almost one in four of
those who had been in remission for at least three years at age 19 years,
reported relapse, i. e symptoms of asthma or use of asthma medication at
age 28 years. The remission rate from 19 to 28 years of age was higher
among those defined as periodic asthma than those with persistent
asthma at age 19 years, indicating having a less severe or more inter-
mittent disease. Based on the same cohort, we have previously reported
a remission rate of asthma from 8 to 19 years of 21% [13] but in this
continued follow-up, only 14% were still in remission when the obser-
vation period was longer. Thus, when based on repeated measurements
over time the proportion of remission was lower compared to studies
with fewer measurement points [3,27]. Thereby, with longer follow-up
time, our hypothesis seems to be confirmed, asthma with onset in

childhood does not remit to the same extent as previously assumed.
Asthma is a heterogeneous disease that may coexist with eczema,
rhinitis and allergic sensitization. Allergic multimorbidity is associated
with asthma severity and not surprisingly, we found that having a more
severe asthma in childhood was associated with persistence of asthma
[8,9]. Furthermore, persistent asthma was associated with allergic
conditions such as rhinitis, rhinoconjuctivitis and allergic sensitization
in childhood. Also in retrospective studies among adults it has been
shown that current asthma was associated with sensitization, particu-
larly among those with childhood onset asthma [28]. In contrast to other
studies [29,30] we found no associations with eczema in the adjusted
models, nor did we find any differences between sexes though it has
been proposed that eczema particularly increases the risk of childhood
asthma among boys [30]. Studies in the same geographical area as the
current study have shown that BHR in adults was associated with
persistence of asthma [1] and we found that BHR in late adolescence was
associated with current asthma at 28 years of age, in line with results
from the Dunedin birth cohort from the beginning of the seventies [31].
Moreover, it has also been shown that individuals with several
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manifestations of atopic disease had an increased risk of more severe
BHR [32]. As we hypothesized, what appears to be remission may in fact
only be a temporary period without symptoms, but if BHR is still present
the individual may not reach a complete remission since normalization
of the underlying pathology has not occurred [7,33].

In another publication based on the whole cohort of n = 3430 chil-
dren, studying the incidence of asthma, we found that severe respiratory
infection was associated with asthma onset by age 8 years [13]. In the
present study, respiratory infection was also associated with persistence
of asthma up to 28 years. Similarly, a Finnish study found an association
between childhood viral wheeze and asthma up to 20 years of age [34].
On the other hand, it has been suggested that the strength of association
between respiratory infections and asthma decreases by time and be-
comes less important with age [35], in contrast to our results. Moreover,
the associations between respiratory infections and breastfeeding and
the effect on asthma prognosis is difficult to disentangle. We found that
breastfeeding <3 months was rather protective with regard to current
asthma at 28 years, independent of any severe respiratory infection
before 8 years of age. Among younger children, a Swedish study has
shown that at least four months of breastfeeding can reduce the risk of
asthma during the first years of life [10] while another study, based on
our cohort, found an protective effect on non-atopic-asthma among
children that had been breastfed less than 3 months [17]. In line with
our study, a study from New Zeeland found that breastfeeding four
weeks or longer was associated with asthma in adolescence and young
adulthood [36]. Thus, among younger children breastfeeding seems to
reduce the risk of asthma, while the association is less clear in a
long-term perspective [36].

In contrast to other studies [6], we did not find an association be-
tween exposure to parental smoking or personal smoking habits and the
persistence of asthma from childhood to adulthood. However, lost to
follow-up analysis showed that non-response was higher among those
with smoking parents. Another explanation could be that the associa-
tions differed between men and women and thereby cancelled each
other out in the analyses among all: among men smoking during preg-
nancy and exposure to smoking during first years of life was more
common among those in remission, but among women it was more
common among those with persistent asthma. Moreover, the proportion
of smokers has steadily decreased in Sweden and with stricter tobacco
laws that were entered into force in the mid-1990s may thus have
contributed to reduced tobacco smoke exposure for the individuals in
our cohort.

The strengths of the current study is the prospective population-
based study design and the long-term follow-up; annually from the
age of 8-19 years and an additional follow-up at age 28 years. Thus, our
study is highly generalizable for asthma in the general population, in
contrast to studies in hospital settings where severe asthma is predom-
inant. Furthermore, a validated and international questionnaire was
used [15,21,22] and the asthma diagnosis was validated by pediatri-
cians at 8y [17] as well as by bronchial hyperreactivity test. Thus, we
maintain a high validity for the asthma diagnosis throughout the study
period. However, current asthma at 28 years was based on postal
questionnaire reports and not confirmed by clinical measurements. Even
though there was a high participation rate among those with asthma
onset by 8 years of age, some were lost to follow-up. However, as there
were no differences in clinical characteristics at age 8y between those
participating and not participating at age 28 years, the study does not
seem to suffer from any major selection or attrition bias. Other limita-
tions are that the sample size did not provide enough statistical power to
allow for all subgroup analyses and that data on parental socioeconomic
status was not collected.

In conclusion, in this prospective cohort study of individuals with
asthma onset by 8 years of age, we found that allergic multimorbidity,
asthma severity and severe respiratory infection in childhood as well as
bronchial hyperreactivity in adolescence was associated with persistent
asthma up to adulthood. Almost two-thirds of those with childhood-
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onset asthma still reported asthma in adulthood, and one-fourth of
those who had been in remission for more than 3 years at age 19 had
relapsed at age 28 years, indicating that remission from childhood onset
asthma may be less common than previously assumed.
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