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Abstract

Background: Allergy-related diseases are a public health issue, but knowledge on

development and comorbidity among children is scarce. The aim was to study the

development of eczema, asthma and rhinitis in relation to sex and parental

allergy, in a population-based cohort, during childhood.

Methods: At 1, 2, 4, 8 and 12 years, parental questionnaires were used to obtain

data on allergy-related diseases. Complete data for all five follow-up occasions

were available from 2916 children. Odds ratios for the risk of any allergy-related

disease in relation to heredity and sex were calculated using generalized estimat-

ing equations.

Results: At 12 years, 58% of the children had had eczema, asthma and/or rhinitis

at some time. Disease turnover was high for all three diseases throughout the

study. Comorbidity increased with age, and at 12 years, 7.5% of all the children

were affected by at least two allergy-related diseases. Parental allergy was associ-

ated with increased comorbidity and more persistent disease and increased the

risk of having any allergy-related disease (adjusted OR 1.76; 95% CI 1.57–1.97)

up to 12 years. Male sex was associated with an increased risk throughout child-

hood. Boys and girls did not differ in disease persistence, and for comorbidity,

the differences were minor.

Conclusions: Allergy-related diseases may affect a majority of children. Eczema,

asthma and rhinitis develop dynamically throughout childhood, and allergic com-

orbidity is common. These findings indicate that allergy-related diseases should

be neither seen nor studied as isolated entities.

Allergy-related diseases have become a public health issue. To

improve disease management, we need to understand the

development and comorbidity of eczema, asthma and rhinitis.

Data indicate that allergic morbidity in childhood, although

transient, is of importance for allergy-related diseases in adult-

hood (1–5). Comorbidity between eczema, asthma and rhinitis

has mainly been studied in selected or high-risk cohorts of chil-

dren (6–12), but such studies show that comorbidity is substan-

tial and associated with persistence and severity (13–15).
However, we still know little about the development and

comorbidity of allergy-related diseases over time in a general

paediatric population (16). To our knowledge, no study has yet

investigated the dynamics of changes in eczema, asthma and

rhinitis combined, from birth until adolescence, and related

them to sex and parental allergy. The purpose of this prospec-

tive study was to investigate the development of eczema,

asthma and rhinitis from birth up to 12 years of age with a par-

ticular focus on comorbidity and disease persistence in relation

to sex and parental allergy in a population-based birth cohort.

Material and methods

Study subjects

The BAMSE project is a longitudinal population-based cohort

in which children were included at birth and prospectively
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followed during childhood. In brief, parents of all children

born between 1994 and 1996 living in predefined areas of

Stockholm County were asked to participate (17). The

BAMSE cohort comprised 4089 infants, corresponding to

75% of the eligible subjects. Detailed data on residential

characteristics, environmental factors and parental allergy

were obtained when the infant was 2 months old from a

baseline parental questionnaire (17). When the child was 1, 2,

4, 8 and 12 years, the parents completed questionnaires

focusing on symptoms of eczema, asthma and rhinitis during

the previous 12 months. To prevent symptoms from being

counted twice, the questions at age 1 year asked for symp-

toms up to 1 year of age and at age 2 years for symptoms

between 1 and 2 years of age. Complete data on all health

outcomes at every follow-up were available for 2916 children

(71% of the original cohort). These children were included in

the present study so that complete analyses of disease onset,

persistence and remission could be performed.

Definition of background variables

Previously identified background variables for the develop-

ment of allergy-related diseases were used in the present anal-

yses. With the exception of duration of breastfeeding, which

was asked for at 1 year of age, all variables were based on

information from the baseline questionnaire:

Parental allergy: mother and/or father with doctor’s diag-

nosis of asthma and asthma medication and/or doctor-

diagnosed hay fever in combination with allergy to furred

pets and/or pollen and/or doctor’s diagnosis of eczema at

the time of enrolment (18).

Young mother: maternal age � 25 years at birth of the

child (19).

Low socioeconomic status: both parents blue-collar work-

ers according to the Nordic standard occupational classifi-

cation and Swedish socio-economic classification (20).

Tobacco exposure: mother smoked at least one cigarette

per day during pregnancy or at the time of enrolment

(21).

Exclusive breastfeeding during the first 4 months of life:

children breastfed without exposure to formula or solid

foods (22).

Definition of allergy-related disease outcomes

Assessment of current allergy-related diseases was based on

the follow-up questionnaires at age 1, 2, 4, 8 and 12 years:

Eczema: dry skin, itchy rashes with age-specific location for

2 weeks or more and/or doctor’s diagnosis of eczema in the

past 12 months (23). At age four, only data on doctor’s

diagnosis in the past 24 months were available. To obtain

12-month prevalence rates, only those reporting itchy

rashes with age-specific location for 2 weeks or more, or

use of topical corticosteroids in the past 12 months in com-

bination with doctor’s diagnosis of eczema in the past

24 months were included in the analysis.

Asthma: at age 1 and 2 years: at least three episodes of

wheeze in combination with inhaled corticosteroids and/

or signs of bronchial hyperreactivity without concurrent

upper respiratory infection the year before follow-up (24).

Asthma – at age 4, 8, and 12 years: at least four

episodes of wheeze in the past 12 months or at least

one episode of wheeze in combination with occasional

or regular use of prescribed inhaled corticosteroids (18).

Rhinitis: at age 1 and 2 years: prolonged rhinitis symp-

toms 2 months or more in the past 12 months. Rhinitis at

age 4, 8, and 12 years: prolonged rhinitis without com-

mon cold in the past 12 months (25).

Comorbidity: having at least two of the diseases eczema,

asthma or rhinitis at the same follow-up.

New cases: onset of an allergy-related disease that had

not been present at any previous follow-up.

Total remission: never having a specific allergy-related

disease again that had been present at the previous

follow-up.

Remission and relapse: not having a specific allergy-

related disease that had been present at the previous

follow-up and that will be present at one or more future

follow-ups.

Statistics

The prevalence of allergy-related disease was assessed during a

12-month period and expressed in percentage of total number

of observations available. 95% confidence intervals (95% CI)

were calculated, and intervals that did not overlap were consid-

ered statistically significant. v2-tests were used for dichoto-

mous variables. For the evaluation of differences in disease

persistence between groups, Wilcoxon’s rank sum test was

used. The proportion of remission between each follow-up was

calculated by dividing the number of remitting cases by the

total number of children who had the disease at that same time

point. The mean value for onset for each disease was calculated

as the mean of the proportions of new cases at age 2, 4, 8 and

12 years. The mean value for remission for each disease was

calculated as the mean of the proportions of remitting cases at

age 1, 2, 4 and 8 years. Generalized estimated equations

(GEEs) (26) with an unstructured correlation matrix were used

to assess the impact of parental allergy and sex on development

of any allergy-related disease over time. The model incorpo-

rated an interaction between time and exposure to evaluate the

effect of exposure over time. All statistical analyses were per-

formed with STATA Statistical Software (release 11.1; Stata-

Corp, College Station, TX, USA).

Results

Representativeness of the study samples

There were no differences between children in the study pop-

ulation (n = 2916) and those in the study base (n = 4089)

with regard to previously identified risk factors for develop-

ment of allergy-related diseases (Table S1). This also held

true for the prevalence of eczema, asthma and rhinitis,

although the rates tended to be somewhat lower for those

participating at each follow-up (Table S2).
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Prevalence rates of allergy-related diseases

Figure 1 shows the 12-month period prevalence rates for

eczema, asthma and rhinitis as well as of any of these dis-

eases at age 1, 2, 4, 8 and 12. At 12 years of age, 1695

children (58%) had had at least one of these allergy-related

diseases at some time. The prevalence of eczema peaked

between 2 and 4 years of age, whereas rhinitis continued

to increase in prevalence with increasing age. Between 4

and 12 years, the asthma prevalence was rather stable.

Twenty-two percentage (629 of 2916) of all children had

had one disease at one follow-up only, while 36% (1066 of

2916) had either one disease at more than one follow-up

or two or more of the diseases eczema, asthma and rhinitis

during the study period. Among children with parental

allergy, 66% (858 of 1291) had an allergy-related disease

before 12 years of age, compared to 52% (837 of 1625) of

children with no parental allergy, P < 0.001 (Fig. S1).

Notably, children with parental allergy, irrespective of age,

had significantly higher prevalence of all of the allergy-

related diseases studied (all P < 0.039) with the exception

of asthma (P = 0.200) and rhinitis (P = 0.058) at 1 year of

age. After adjustment for known confounders, the overall

impact of having parental allergy on the development of

any of the diseases eczema, asthma and rhinitis up to

12 years was of 1.76 (95% CI 1.57–1.97). The impact of

parental allergy on allergy-related disease development

tended to increase with age of the study subjects (Fig. 2).

Male sex was associated with an increased risk (adjusted

OR 1.19, 95% CI 1.06–1.33) of development of any

allergy-related disease up to 12 years, and this association

was rather stable over time (Fig. 2). Boys had a lifetime

prevalence of any allergy-related disease of 60% (892 of

1488), and the corresponding figure for girls was 56% (803

of 1428), P = 0.042. This difference was mainly explained

by higher prevalence rates of asthma and rhinitis among

boys.

Disease turnover and persistence

Disease turnover, evaluated as onset and remission, is illus-

trated in Fig. 3. The average proportion of new cases of the

diseases studied at all observation time points was 53%, and

the corresponding proportion for total remission was 44%.

The numbers of new cases, remitting cases with subsequent

relapse and cases in total remission at all ages, are presented in

Table 1. Figure 3 also shows the proportion of children with

eczema, asthma or rhinitis who had the disease at one, two or

three or more follow-up occasions before 12 years of age. As

eczema often debuts early in life, it appeared more persistent

than asthma and rhinitis. However, from 4 to 12 years of age,

disease persistence was almost the same for eczema, asthma

and rhinitis (data not shown). The pattern of onset and remis-

sion for eczema, asthma and rhinitis was similar among chil-

dren with and without parental allergy, as well as among boys

and girls, even though onset of eczema at 2 years was more

common among girls (data not shown). Children with parental

allergy had more persistent eczema, asthma and rhinitis than

children without parental allergy, all P < 0.001. Boys and girls

did not differ in terms of disease persistence.

Comorbidity of eczema, asthma and rhinitis

The overlap between eczema, asthma and rhinitis at the dif-

ferent follow-ups is illustrated in Fig. 4. Comorbidity became

more prevalent with age. At least two allergy-related diseases

were found in 1.8% of the children at 1 year of age. At 2, 4,

8 and 12 years, the corresponding proportions were 2.3%,

5.9%, 5.5% and 7.5%. Among children who had an allergy-

related disease, allergic comorbidity was more prevalent

among those with parental allergy. However, differences in

comorbidity between boys and girls were minor (Table 2).

Asthma did not occur in isolation as often as eczema or

rhinitis. Thus, asthma was associated with eczema and/or rhi-

nitis in 38% at 1 year and in 67% at 12 years. This is to be

Figure 1 Prevalence rates of allergy-related diseases up to 12 years

in the BAMSE birth cohort. Twelve-month prevalence of eczema,

asthma, rhinitis and any symptom at age 1, 2, 4, 8 and 12 years.

Empty bars show the cumulative prevalence at 12 years (n = 2916).

© 2012 John Wiley & Sons A/S

Ballardini et al. Eczema, asthma and rhinitis during childhood



compared with 42% of children with eczema and 33% of

children with rhinitis having any additional allergy-related

disease at age 12.

Discussion

This study of a large unselected population-based birth

cohort provides new insights regarding the development and

comorbidity of allergy-related diseases in children. We found

that by the age of 12 years, two of three children with and

every second child without parental allergy had had eczema,

asthma and/or rhinitis. Furthermore, disease turnover was

substantial with many new and remitting cases throughout

the study period. Comorbidity increased from 1.8% at 1 year

to 7.5% at 12 years in the study population and was more

prevalent among children with parental allergy. Sex did not

seem to influence disease persistence. Asthma was more often

associated with eczema and/or rhinitis than eczema, or

rhinitis was associated with any of the other allergy-related

diseases.

The strengths of this study are the prospective design and

the large number of participants with complete data up to

12 years of age, which is unique. Moreover, assessment of

eczema, asthma and rhinitis, on five occasions during the first

12 years of life, reduces the risk of recall bias. The prevalence

rates for eczema and rhinitis in our study agreed well with

other population-based studies of similar age groups (13, 27,

28). However, the asthma prevalence tended to be lower than

that found by others (29–32), which may be explained by our

strict definition. The overall prevalence rates found in our

study are comparable to the Isle of Wight birth cohort study,

in which 40% of the children had had an allergy-related dis-

ease at some time before reaching 4 years of age (16). In our

study, the corresponding proportion was 45%.

One concern about our results is whether the prevalence

rates might be overestimated. As the BAMSE birth cohort

study was designed to investigate allergy-related diseases, it is

possible that families with children who have allergic symp-

toms would be more prone to participate. However, as

shown in Table S2, loss to follow-up was more common

among children with allergy-related diseases, a phenomenon

also reported by others (33). An explanation might be that

parents of children with allergy-related diseases have less time

or energy to complete questionnaires owing to their child’s

disease. Another explanation could be that there are fewer

incentives for such parents to continue their participation in

a study, because their children most likely are admitted to

health care. With this in mind, it is noteworthy that more

than half of the children in our study had eczema, asthma

and/or rhinitis before adolescence, even if parental allergy

was not present.

Comparison with other studies

It is well known that prevalence rates of allergy-related dis-

eases differ between boys and girls and between families with

and without allergic disease. However, reports on the influ-

ence of sex and parental allergy on allergic comorbidity are

scarce. No obvious differences between boys and girls could

be found in the German MAS study when rhinitis and con-

comitant wheeze were evaluated (34). In our study, sex did

not influence the persistence of any of the conditions studied.

Disease turnover was only slightly affected by sex, with onset

of eczema being more common among girls 2 years old. Sim-

ilarly, the Isle of Wight study found no sex differences in dis-

ease turnover up to 10 years of age among children with

eczema. However, from 10 to 18 years, remission was more

common among boys (28). Onset and remission of asthma

did not differ between boys and girls in our study, in congru-

ence with some, but not all, previous reports. In a recent

study of remission and disease persistence among children

aged 5–12 years with asthma, no influence of sex could be

demonstrated (35). However, in a selected cohort of children

with doctor’s diagnosis of asthma before 6 years of age and

followed up to 12 years, asthma was more persistent in boys

than in girls (36). Furthermore, it has recently been shown

that sex differences in prevalence rates of asthma among

teenagers may partly be explained by higher remission of

asthma among boys (37). These apparently contradictory

results might be explained by differences in study design and

Figure 2 Parental allergy and sex in relation to development of any

allergy-related disease† up to 12 years in the BAMSE cohort.

†Eczema and/or asthma and/or rhinitis. *ORs and 95% CIs were

calculated by using generalized estimated equations, adjusted for

the confounders: exclusive breastfeeding <4 months, maternal

smoking, low socioeconomic status and young mother (�26 years)

n = 2916.
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selection of subjects, but also by age differences between the

children in the different studies. This underlines the need for

population-based cohorts followed over a long time.

Asthma seems to present as a single disease in less than

half of the cases after 4 years of age, and a probable

explanation could be that the asthma definition we used does

Figure 3 Disease turnover and persistence up to 12 years of age

in the BAMSE birth cohort. Turnover indicates the percentage in

the population (n = 2916) of new and remitting cases at each

observation point. New cases were defined as onset of disease

that had not been present at any previous observation point, and

remission was defined as not having a disease that had been pres-

ent at the previous observation point. Persistence indicates the pro-

portion of children who had a disease at one, two, three or more

observation points among the children who had ever had the same

disease.

Table 1 New and remitting cases from 1 to 12 years for eczema, asthma and rhinitis in the BAMSE birth cohort

Age (years)

All cases
New cases Total remission

Remission and

relapse

n n % n % n %

Eczema

1 440 440 na 118 26.8 65 14.8

2 542 285 52.6 164 30.3 65 12.0

4 546 191 35.0 267 48.9 63 11.5

8 355 90 25.4 212 59.7 na

12 339 94 27.7 na

Asthma

1 101 101 na 34 33.7 13 12.9

2 157 103 65.6 66 42.0 18 11.5

4 182 102 56.0 90 49.5 15 8.2

8 177 87 49.2 97 54.8 na

12 189 83 43.9 na

Rhinitis

1 103 103 na 48 46.6 33 32.0

2 112 90 80.4 60 53.6 32 28.6

4 314 279 88.9 131 41.2 58 18.5

8 380 225 59.2 144 37.9 na

12 601 287 47.8 na

New cases are defined as onset of an allergy-related disease that had not been present at any previous observational point. Total remission

is defined as never having a specific allergy-related disease again that had been present at the previous follow-up. Remission and relapse is

defined as not having a specific allergy-related disease that had been present at the previous follow-up and that will be present at one or

more future follow-ups.

na, not applicable.
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not include milder cases. However, another study showed

that 56% of 5-year-old children with wheeze had concomi-

tant eczema and/or rhinoconjunctivitis (38). This knowledge

may be of importance when studying phenotypes of allergy-

related diseases in relation to early life events. The large

number of new and remitting cases at all ages found in our

study raises the question of when an outcome should be eval-

uated – and over how long a time period – in studies

addressing risk factors for disease development in childhood.

Conclusions

We found that allergy-related diseases affect a majority of

the paediatric population during the first 12 years of life and

that the development of eczema, asthma and rhinitis is a

dynamic process: both new cases and remission are common

throughout childhood. These findings call for further

research to identify phenotypes on the basis of comorbidity

and disease development that are associated with subsequent

disease.
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CA and EÖ designed the current study. NB, AB, TL and

MW analysed the data. All authors had full access to all of

the data and participated in the interpretation of the findings.

NB and MW wrote the initial draft. All authors participated

in critical revision of the manuscript, provided important

Figure 4 Comorbidity of eczema, asthma and rhinitis to age 12 in

the BAMSE birth cohort (n = 2916). Venn diagrams showing com-

orbidity between eczema, asthma and rhinitis at age 1, 2, 4, 8 and

12 years.

Table 2 Comorbidity* among children 1–12 years with allergy-related disease in the BAMSE birth cohort according to sex and parental

allergy

Age (years)

Parental allergy (n = 1291) No parental allergy (n = 1625)

n % 95% CI n % 95% CI

1 33/315 10.5 7.1–13.9 20/270 7.4 4.3–10.6

2 38/395 9.6 6.7–12.5 28/338 8.3 5.3–11.2

4 115/455 25.3 21.3–29.3 56/398 14.1 10.6–17.5

8 108/408 26.5 22.2–30.8 48/318 15.1 11.1–19.1

12 139/484 28.7 24.7–32.8 79/397 19.9 16.0–23.8

Age (years) Boys (n = 1488) Girls (n = 1428)

n % 95% CI n % 95% CI

1 37/321 11.5 8.0–15.0 16/264 6.1 3.2–9.0

2 38/399 9.5 6.6–12.4 28/334 8.4 5.4–11.4

4 110/454 24.2 20.3–28.2 61/399 15.3 11.7–18.8

8 81/397 20.4 16.4–24.4 75/329 22.8 18.2–27.4

12 119/470 25.3 21.4–29.3 99/411 24.1 19.9–28.2

*Comorbidity is defined as having two or three of the diseases eczema, asthma and rhinitis at the same follow-up. Statistically significant

differences are written in bold.

© 2012 John Wiley & Sons A/S

Eczema, asthma and rhinitis during childhood Ballardini et al.



intellectual input and approved the final version. MW is the

guarantor.

Ethical approval

The study was approved by the Regional Ethics Committee,

Karolinska Institute, Stockholm, and participants gave writ-

ten informed consent.

Conflict of interest

All authors have completed the Unified Competing Interest

form at www.icmje.org/coi_disclosure.pdf (available on

request from the corresponding author) and claim no conflict

of interest related to the submitted work.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Figure S1. Prevalence rates of allergy-related diseases up to

12 years in children with and without parental allergy in the

BAMSE birth cohort.

Table S1. Distribution of risk factors for allergy-related

diseases in the study population compared to the study base.

Table S2. Twelve-month prevalence rates of allergy-related

diseases in the study population compared to the study base.

Please note: Wiley-Blackwell are not responsible for the con-

tent or functionality of any supporting materials supplied by

the authors. Any queries (other than missing material) should

be directed to the corresponding author for the article.

References

1. Stern DA, Morgan WJ, Halonen M, Wright

AL, Martinez FD. Wheezing and bronchial

hyper-responsiveness in early childhood as

predictors of newly diagnosed asthma in

early adulthood: a longitudinal birth-cohort

study. Lancet 2008;372:1058–1064.

2. Porsbjerg C, von Linstow ML, Ulrik CS,

Nepper-Christensen S, Backer V. Risk fac-

tors for onset of asthma: a 12-year prospec-

tive follow-up study. Chest 2006;129:309–

316.

3. Limb SL, Brown KC, Wood RA, Wise RA,

Eggleston PA, Tonascia J, et al. Adult

asthma severity in individuals with a history

of childhood asthma. J Allergy Clin Immunol

2005;115:61–66.

4. Burgess JA, Matheson MC, Gurrin LC,

Byrnes GB, Adams KS, Wharton CL, et al.

Factors influencing asthma remission: a lon-

gitudinal study from childhood to middle

age. Thorax 2011;66:508–513.

5. Burgess JA, Dharmage SC, Byrnes GB,

Matheson MC, Gurrin LC, Wharton CL,

et al. Childhood eczema and asthma inci-

dence and persistence: a cohort study from

childhood to middle age. J Allergy Clin

Immunol 2008;122:280–285.

6. Illi S, von Mutius E, Lau S, Nickel R,

Gruber C, Niggemann B, et al. The natural

course of atopic dermatitis from birth to age

7 years and the association with asthma. J

Allergy Clin Immunol 2004;113:925–931.

7. Chawes BL, Bonnelykke K, Kreiner-Moller

E, Bisgaard H. Children with allergic and

nonallergic rhinitis have a similar risk of

asthma. J Allergy Clin Immunol

2010;126:567–573.

8. Matricardi PM, Illi S, Gruber C, Keil T,

Nickel R, Wahn U, et al. Wheezing in child-

hood: incidence, longitudinal patterns and

factors predicting persistence. Eur Respir J

2008;32:585–592.

9. Gustafsson D, Sjoberg O, Foucard T. Devel-

opment of allergies and asthma in infants

and young children with atopic dermatitis–a

prospective follow-up to 7 years of age.

Allergy 2000;55:240–245.

10. Kapoor R, Menon C, Hoffstad O, Bilker W,

Leclerc P, Margolis DJ. The prevalence of

atopic triad in children with physician-

confirmed atopic dermatitis. J Am Acad

Dermatol 2008;58:68–73.

11. Hamouda S, Karila C, Connault T,

Scheinmann P, de Blic J. Allergic rhinitis

in children with asthma: a questionnaire-

based study. Clin Exp Allergy 2008;38:761–

766.

12. Ponte EV, Franco R, Nascimento HF,

Souza-Machado A, Cunha S, Barreto ML,

et al. Lack of control of severe asthma is

associated with co-existence of moderate-to-

severe rhinitis. Allergy 2008;63:564–569.

13. Bertelsen RJ, Carlsen KC, Carlsen KH. Rhi-

nitis in children: co-morbidities and pheno-

types. Pediatr Allergy Immunol 2010;21(4 Pt

1):612–622.

14. Leynaert B, Neukirch C, Kony S, Guenegou

A, Bousquet J, Aubier M, et al. Association

between asthma and rhinitis according to ato-

pic sensitization in a population-based study.

J Allergy Clin Immunol 2004;113:86–93.

15. Bousquet J, Khaltaev N, Cruz AA, Denburg

J, Fokkens WJ, Togias A, et al. Allergic

Rhinitis and its Impact on Asthma (ARIA)

2008 update (in collaboration with the

World Health Organization, GA(2)LEN and

AllerGen). Allergy 2008;63(Suppl 86):8–160.

16. Tariq SM, Matthews SM, Hakim EA, Ste-

vens M, Arshad SH, Hide DW. The preva-

lence of and risk factors for atopy in early

childhood: a whole population birth cohort

study. J Allergy Clin Immunol 1998;101:587–

593.

17. Wickman M, Kull I, Pershagen G, Nordvall

SL. The BAMSE project: presentation of a

prospective longitudinal birth cohort study.

Pediatr Allergy Immunol 2002;13(Suppl

15):11–13.

18. Kull I, Melen E, Alm J, Hallberg J, Svarten-

gren M, van Hage M, et al. Breast-feeding

in relation to asthma, lung function, and

sensitization in young schoolchildren. J

Allergy Clin Immunol 2010;125:1013–1019.

19. Hallberg J, Anderson M, Wickman M, Svar-

tengren M. Factors in infancy and childhood

related to reduced lung function in asthmatic

children: a birth cohort study (BAMSE).

Pediatr Pulmonol 2010;45:341–348.

20. Almqvist C, Pershagen G, Wickman M.

Low socioeconomic status as a risk factor

for asthma, rhinitis and sensitization at

4 years in a birth cohort. Clin Exp Allergy

2005;35:612–618.

21. Bohme M, Kull I, Bergstrom A, Wickman

M, Nordvall L, Pershagen G, et al. Parental

smoking increases the risk for eczema with

sensitization in 4-year-old children. J Allergy

Clin Immunol 2010;125:941–943.

22. Kull I, Almqvist C, Lilja G, Pershagen G,

Wickman M. Breast-feeding reduces the risk

of asthma during the first 4 years of life. J

Allergy Clin Immunol 2004;114:755–760.

23. Bohme M, Lannero E, Wickman M, Nordv-

all SL, Wahlgren CF. Atopic dermatitis and

concomitant disease patterns in children up

to two years of age. Acta Derm Venereol

2002;82:98–103.

24. Wickman M, Melen E, Berglind N, Lennart

Nordvall S, Almqvist C, Kull I, et al. Strate-

gies for preventing wheezing and asthma in

small children. Allergy 2003;58:742–747.

25. Rosenlund H, Kull I, Pershagen G, Wolk A,

Wickman M, Bergstrom A. Fruit and vege-

table consumption in relation to allergy: Dis-

ease-related modification of consumption? J

Allergy Clin Immunol 2011;127:1219–1225.

26. Fitzmaurice G. Applied longitudinal analy-

sis. Hoboken, NJ: John Wiley & Sons, Inc,

2004.

27. Grize L, Gassner M, Wuthrich B, Bringolf-

Isler B, Takken-Sahli K, Sennhauser FH,

et al. Trends in prevalence of asthma,

© 2012 John Wiley & Sons A/S

Ballardini et al. Eczema, asthma and rhinitis during childhood



allergic rhinitis and atopic dermatitis in 5-7-

year old Swiss children from 1992 to 2001.

Allergy 2006;61:556–562.

28. Ziyab AH, Raza A, Karmaus W, Tongue N,

Zhang H, Matthews S, et al. Trends in

eczema in the first 18 years of life: results

from the Isle of Wight 1989 birth cohort

study. Clin Exp Allergy 2010;40:1776–1784.

29. Lodrup Carlsen KC, Haland G, Devulapalli

CS, Munthe-Kaas M, Pettersen M, Granum

B, et al. Asthma in every fifth child in Oslo,

Norway: a 10-year follow up of a birth

cohort study. Allergy 2006;61:454–460.

30. McNeill G, Tagiyeva N, Aucott L, Russell

G, Helms PJ. Changes in the prevalence of

asthma, eczema and hay fever in pre-puber-

tal children: a 40-year perspective. Paediatr

Perinat Epidemiol 2009;23:506–512.

31. Sears MR, Greene JM, Willan AR, Wiecek

EM, Taylor DR, Flannery EM, et al. A lon-

gitudinal, population-based, cohort study of

childhood asthma followed to adulthood. N

Engl J Med 2003;349:1414–1422.

32. Torrent M, Sunyer J, Garcia R, Harris J,

Iturriaga MV, Puig C, et al. Early-life aller-

gen exposure and atopy, asthma, and wheeze

up to 6 years of age. Am J Respir Crit Care

Med 2007;176:446–453.

33. Savenije OE, Granell R, Caudri D, Kopp-

elman GH, Smit HA, Wijga A, et al.

Comparison of childhood wheezing

phenotypes in 2 birth cohorts: ALSPAC

and PIAMA. J Allergy Clin Immunol

2011;127:1505–1512.e14.

34. Keil T, Bockelbrink A, Reich A, Hoffmann

U, Kamin W, Forster J, et al. The natural

history of allergic rhinitis in childhood. Pedi-

atr Allergy Immunol 2010;21:962–969.

35. Covar RA, Strunk R, Zeiger RS, Wilson

LA, Liu AH, Weiss S, et al. Predictors of

remitting, periodic, and persistent childhood

asthma. J Allergy Clin Immunol

2010;125:359–366 e353.

36. To T, Gershon A, Wang C, Dell S, Cicutto

L. Persistence and remission in childhood

asthma: a population-based asthma birth

cohort study. Arch Pediatr Adolesc Med

2007;161:1197–1204.

37. Vink NM, Postma DS, Schouten JP, Ros-

malen JG, Boezen HM. Gender differences

in asthma development and remission during

transition through puberty: the TRacking

Adolescents’ Individual Lives Survey

(TRAILS) study. J Allergy Clin Immunol

2010;126:498–504 e491–496.

38. Marinho S, Simpson A, Lowe L, Kissen P,

Murray C, Custovic A. Rhinoconjunctivitis

in 5-year-old children: a population-based

birth cohort study. Allergy 2007;62:385–

393.

© 2012 John Wiley & Sons A/S

Eczema, asthma and rhinitis during childhood Ballardini et al.





Table S1  Distribution of risk factors for allergy-related diseases in the study population 
compared to the study base

 Variable* Study base  Study population

Data collected at enrolment N=4,089 (100%)  n=2,916 (71.3%)

  n % 95% CI  n % 95% CI

Sex

    Male 2065/4089 50.5 49.0–52.0  1488/2916 51.0 49.2–52.8

Parental allergy†

    any or both 1746/4045 43.2 41.6–44.7  1291/2916 44.3 42.5–46.1

Maternal age

    < 25 years 319/4088 7.8 7.0–8.6  196/2915 6.7 5.8–7.6

Socioeconomic status

    blue collar workers 695/4018 17.3 16.1–18.5  431/2882 15.0 13.7–16.3

Maternal tobacco smokingǂ
    Yes 563/4086 13.8 12.7–14.8  346/2916 11.9 10.7–13.0

Data collected at 1 year n=3,925 (96%)  n=2,916 (71.3%)

  n % 95% CI  n % 95% CI

Breastfeeding exclusive ≥4 months

    No 803/3919 20.5 19.2–21.8  543/2912 18.7 17.2–20.1

*Internal missing 0–1.7% 

†Doctor’s diagnosis of asthma and/or hay fever in combination with allergy to furred pets and/or

   pollen and/or doctor’s diagnosis of eczema at enrolment

ǂMother smoked at least one cigarette per day during pregnancy and at the time of enrolment



        
Table S2  Twelve-month prevalence rates of allergy-related diseases in the study population 
compared to the study base 
         

Variable
study base

 
study population

      

1 year n %  95% CI  n % 95% CI 

Eczema 594/3923 15.1 14.0–16.3  440/2916 15.1 13.8–16.4

Asthma 151/3924 3.9 3.2–4.5  101/2916 3.5 2.8–4.1

Rhinitis 145/3920 3.7 3.1–4.3  103/2916 3.5 3.1–4.3

        

2 years n %  95% CI  n % 95% CI 

Eczema 730/3839 19.0 17.8–20.3  542/2916 18.6 17.2–20.0

Asthma 219/3835 5.7 5.0–6.4  157/2916 5.4 4.6–6.2

Rhinitis 154/3840 4.0 3.4–4.6  112/2916 3.8 3.1–4.5

        

4 years N % 95% CI  n %  95% CI

Eczema 729/3721 19.6 18.3–20.9  546/2916 18.7 17.3–20.1

Asthma 260/3704 7.0 6.2–7.8  182/2916 6.2 5.4–7.1

Rhinitis 413/3685 11.2 10.2–12.2  314/2916 10.8 9.6–11.9

        

8 years N % 95% CI  n % 95% CI 

Eczema 428/3397 12.6 11.5–13.7  355/2916 12.2 11.0–13.4

Asthma 215/3397 6.3 5.5–7.1  177/2916 6.1 5.2–6.9

Rhinitis 462/3409 13.6 12.4–14.7  380/2916 13.0 11.8–14.3

        

12 years N % 95% CI  n % 95% CI 

Eczema 399/3353 11.9 10.8–13.0  339/2916 11.6 10.5–12.8

Asthma 221/3339 6.6 5.8–7.5  189/2916 6.5 5.6–7.4

Rhinitis 693/3337 20.8 19.4–22.1  601/2916 20.6 19.1–22.1

        

         


