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Summary
Background Eczema, rhinitis, and asthma often coexist (comorbidity) in children, but the proportion of comorbidity 
not attributable to either chance or the role of IgE sensitisation is unknown. We assessed these factors in children 
aged 4–8 years.

Methods In this prospective cohort study, we assessed children from 12 ongoing European birth cohort studies 
participating in MeDALL (Mechanisms of the Development of ALLergy). We recorded current eczema, rhinitis, and 
asthma from questionnaires and serum-specifi c IgE to six allergens. Comorbidity of eczema, rhinitis, and asthma 
was defi ned as coexistence of two or three diseases in the same child. We estimated relative and absolute excess 
comorbidity by comparing observed and expected occurrence of diseases at 4 years and 8 years. We did a longitudinal 
analysis using log-linear models of the relation between disease at age 4 years and comorbidity at age 8 years.

Findings We assessed 16 147 children aged 4 years and 11 080 aged 8 years in cross-sectional analyses. The absolute 
excess of any comorbidity was 1·6% for children aged 4 years and 2·2% for children aged 8 years; 44% of the observed 
comorbidity at age 4 years and 50·0% at age 8 years was not a result of chance. Children with comorbidities at 4 years 
had an increased risk of having comorbidity at 8 years. The relative risk of any cormorbidity at age 8 years ranged 
from 36·2 (95% CI 26·8–48·8) for children with rhinitis and eczema at age 4 years to 63·5 (95% CI 51·7–78·1) for 
children with asthma, rhinitis, and eczema at age 4 years. We did longitudinal assessment of 10 107 children with data 
at both ages. Children with comorbidities at 4 years without IgE sensitisation had higher relative risks of comorbidity 
at 8 years than did children who were sensitised to IgE. For children without comorbidity at age 4 years, 38% of the 
comorbidity at age 8 years was attributable to the presence of IgE sensitisation at age 4 years.

Interpretation Coexistence of eczema, rhinitis, and asthma in the same child is more common than expected by 
chance alone—both in the presence and absence of IgE sensitisation—suggesting that these diseases share causal 
mechanisms. Although IgE sensitisation is independently associated with excess comorbidity of eczema, rhinitis, and 
asthma, its presence accounted only for 38% of comorbidity, suggesting that IgE sensitisation can no longer be 
considered the dominant causal mechanism of comorbidity for these diseases.

Funding EU Seventh Framework Programme.

Introduction
Although widely acknowledged, coexisting disorders in 
patients with chronic diseases (comorbidity) are still 
underexplored.1 The coexistence of several diseases in 
the same person could be a result of chance, selection 
bias, or causation.2 If chance and bias can be excluded, 
the remaining excess comorbidity can be ascribed to 
causal relationships between the coexisting diseases. 
A network topology-based approach assessing the 
connections between pairs of diseases (comorbidity) and 
enzyme-encoding genes has been proposed to gain 
insight into the shared pathophysiology of coexisting 
diseases.3 Better understanding of how common risk 
factors interact with shared pathophysiological pathways 
aff ecting comorbidity could inform prevention and 

treatment of common chronic diseases.1 The prevalence 
of allergy-related diseases such as eczema, rhinitis, and 
asthma has reached epidemic proportions in high-
income countries.4 An important feature of this rise is 
that these diseases coexist in many children5—termed 
allergic or atopic comorbidity. For example, in the ISAAC 
study,6 almost 15% of asthmatic children aged 6–7 years 
and 40% of those aged 13–14 years also had allergic 
rhinitis.6 A study of 3778 pairs of 7-year-old children 
matched to their siblings suggests that eczema in infancy 
might cause hay fever in patients with asthma.7 
A unifying hypothesis—the atopic march—states that 
atopic disorders progress sequentially, from eczema in 
infants to rhinitis and asthma in children, suggesting 
that atopy could be a common link8 although the evidence 
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that allergic comorbidity is more common in IgE-
sensitised children9,10 has not been confi rmed by other 
studies.11 However, no previous studies have assessed 
how much of the comorbidity of eczema, rhinitis, and 
asthma is attributable to chance or to causal deter-
minants,2 which could have led to erroneous assumptions 
about allergic comorbidity. A better under standing of 
comorbidity of eczema, rhinitis, and asthma could help 
to improve prediction and care of such diseases during 
childhood. Several predictive indices have been proposed 
for childhood asthma, but none have been developed for 
comorbidity of asthma, eczema, and rhinitis. Yet, early 
treatment is paramount to minimise symptoms and 
increase quality of life.

As part of the Mechanisms of the Development of 
ALLergy (MeDALL) project,12,13 we used data from a large 
network of birth cohorts in Europe to assess the excess 
comorbidity of eczema, rhinitis, and asthma in children 
aged 4 years and 8 years, and the role of IgE-mediated 
sensitisation. We postulated that comorbidity will be 
more common than would be expected if these diseases 
were independent.

Methods
Study design and participants
This study is based on information and samples obtained 
from 12 longitudinal birth cohorts in eight European 
countries (Denmark, France, Germany, Italy, 
Netherlands, Norway, Spain, Sweden).12 AMICS–
Menorca,14 BAMSE,5 DARC,9 ECA,15 GINIplus,16 
LISAplus,17 MAS,18 and PIAMA19 recruited children 
between 1990 and 1998, whereas EDEN,20 Paris,21 
ROBBIC–Rome,22 and ROBBIC–Bologna22 included 
children from 2003 to 2006. Most studies recruited 
unselected population-based birth cohorts. Five cohorts 
(BAMSE, GINIplus, LISAplus, MAS, and PIAMA) were 
urban, especially in metropolitan areas, whereas the 
others recruited children from urban and rural 
backgrounds.9,15–24 We pooled the available data for two 
age periods: 4 years (ranging from 3 to 5 years) and 
8 years (ranging from 8 to 10 years). We used these ages 
because most allergic diseases develop early in life or in 
the preschool period.25

Each cohort included between 368 and 5991 children, 
with an overall population of 23 434. We excluded 
children who were not followed up at either 4 years or 
8 years and those with data missing. In all participating 
cohorts, parents gave written informed consent and the 
studies were approved by local ethics review boards.

Procedures
We assessed current eczema, current rhinitis, and 
current asthma with questionnaires. Defi nitions were 
agreed by a panel of experts—members of MeDALL and 
invited external participants—using a modifi ed version 
of the GA2LEN questionnaire26 to defi ne current asthma 
and ISAAC questions27 to defi ne current rhinitis and 

current eczema. Consensus about application of the 
MeDALL defi nitions was reached through discussions by 
a panel of coauthors (IA-M, XB, MB, JG-A, SG, CH, FK, 
TK, MKe, MKo, GHK, IK, EM, IM, MP, DSP, HAS, RTS, 
JS, MW, JB, and JMA; see appendix for further details).28

Comorbidity of eczema, rhinitis, and asthma was 
defi ned as the coexistence of two or three of these 
diseases in the same child. For the main analysis, we 
considered seven possible exclusive conditions: three 
single diseases (eczema, rhinitis, and asthma), three 
combinations of two diseases, and the triad.

The allergens assessed and techniques used varied for 
each cohort. We identifi ed six allergens for which we 
considered information from each cohort to be equivalent 
(house dust mite, cat dander, birch pollen, grass pollen, 
milk, and egg). We defi ned sensitisation as having a 
specifi c IgE concentration of 0·35 kUA/L (1 kUA/L=2·4 
μg/L) or greater in serum against at least one of these 
allergens. We recorded small diff erences between 
percentages of sensitised children detected with all 
available serum-specifi c IgEs and those detected with the 
limited panel. To have comparable information for these 
allergens in all birth cohorts, we harmonised house dust 
mite and grass pollen (see appendix for details).

We defi ned parental history of allergy as maternal or 
paternal history of asthma, allergic rhinitis, hay fever, or 
eczema; symptoms of asthma, allergic rhinitis, hay fever, 
or eczema; or food allergy or other allergies to pets or 
house dust mites.

Additional information was collected for potential 
confounders or eff ect modifi ers associated with eczema, 
rhinitis, and asthma in childhood, including a cohort-
specifi c indicator, socioeconomic status, maternal and 
paternal smoking during pregnancy, maternal and 
paternal smoking ever, and sex (appendix).

Statistical analysis
The analysis included a cross-sectional component and a 
longitudinal component. The cross-sectional analysis 
consisted of an assessment of comorbidity at age 4 years 
and 8 years overall and stratifi ed by IgE sensitisation. We 
estimated relative excess comorbidity as the ratio of the 
observed to the expected comorbidity and we calculated 
absolute excess comorbidity by subtracting the 
percentage of expected comorbidity from the percentage 
of observed comorbidity. We derived the expected 
frequencies of the occurrence of each disease and their 
combinations (asthma, rhinitis, eczema, asthma and 
rhinitis, asthma and eczema, rhinitis and eczema, and 
asthma and rhinitis and eczema), assuming that the 
diseases were independent and using a binomial 
distribution with the null hypothesis of independence 
between diseases. The observed frequencies at age 
4 years was 7·49 for eczema, 4·24 for rhinitis, and 15·8 
for asthma (appendix). We fi rst derived the expected 
frequency of having all three diseases by multiplying the 
observed frequencies of eczema, rhinitis, and asthma. 
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Second, we derived the expected frequencies of pairs of 
diseases as the product of their respective observed 
frequencies minus the expected frequency of all three. 
Finally, we obtained the expected frequencies of the 
individual diseases as its observed frequency minus the 
expected frequencies of the pairwise combinations 
minus the expected frequency of all three. Observed and 
expected frequencies were both obtained for the overall 
population and separately for each cohort and age period. 
We also assessed the extent to which the observed 
comorbidity departed from the expected comorbidity if 
no causal relation existed between diseases by plotting 
standardised residuals of Pearson’s χ² test.

No sample size calculations are available for com-
parison between expected and observed cases. For the 
longitudinal assessment we calculated the sample size 
with GRANMO (version 7.12).29 We assumed that 20% of 
children would have at least one of the three allergies and 
that the incidence of comorbidity for healthy participants 
at baseline was 1·5%. We calculated that 3920 children 
would need to be followed up to assess whether the 
relative risk for having comorbidity at age 8 years in 
children with one or two diseases at age 4 years (at 
baseline) was signifi cant, with an α of 0·05 and a β risk 
of 0·2 for a two-sided test. 

The longitudinal analysis included children aged 4 years 
at baseline and aged 8 years at follow-up with the exception 
of two cohorts that included children aged 10 years. This 
analysis was done to assess the eff ect of multiple diseases 
at age 4 years on the presence of comorbidity (as an 
aggregate category) at age 8 years, using pooled log-linear 
regression models for the overall population and stratifi ed 
by IgE sensitisation. Potential confounders—cohort, 
socioeconomic status, maternal and paternal smoking 
during pregnancy, maternal and paternal smoking ever, 
age at follow-up, and sex—were tested by bivariate tables 
with both the outcome and the exposure variables; these 
confounders were considered for adjustment if they were 
related to the outcome or the exposure variables with a 
p value less than 0·20. Confounders were not included in 
the fi nal models because they were not independently 
related to both the exposure and the outcome, nor 
modifi ed (>10% change in relative risk) the estimates for 
the remaining variables (appendix).30

We estimated the eff ect of serum-specifi c IgE sensitisation 
at age 4 years on the occurrence of comorbidity at 8 years 
through the population attributable risk (PAR): 
PAR=p × (RR–1)/(p × [RR–1] + 1), where p is the probability 
of IgE sensitisation at age 4 years and RR is an estimate of 
the assocation between IgE sensitisation at age 4 years and 
the incidence of comorbidity by age 8 years for children 
who did not have a comorbidity at age 4 years. The PAR can 
be interpreted as the proportion of children with 
comorbidity at 8 years that could have been avoided if IgE 
sensitisation at 4 years had been absent, assuming that the 
relation between IgE sensitisation and comorbidity is 
causal.

We did sensitivity analyses to assess: the robustness 
of the fi ndings and to avoid misclassifi cation bias by 
increasing the specifi city of specifi c IgE categorisation 
(≥0·70 kUA/L and ≥3·5 kUA/L), the eff ect of parental 
history of asthma and allergic diseases, and the eff ect 
of heterogeneity among birth cohorts by cohort-specifi c 
models and meta-analysis. We used multiple 
imputation of missing values by chained equations to 
assess the robustness of the results to missing data and 
to minimise the loss of statistical power caused by 
missing data.31 We used Stata 12 and R for all analyses 
(appendix).

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Figure 1: Study participants 
LISAplus data were restricted to children recruited in Munich, Wesel, and Bad Honnef. *Did not have the requested 
variables for the defi nition of asthma, rhinitis, or eczema, alone and combined. 

23 434 children in the study
 1167 from EDEN
 1781 from PARIS
 581 from ROBBIC-Roma
 368 from ROBBIC-Bologna
 4089 from BAMSE
 562 from DARC
 482 from AMICS-Menorca
 5991 from Siniplus
 2119 from Lisaplus
 1314 from MAS
 1017 from ECA
 3963 from PIAMA

10 107 with data at both ages included
 in longitudinal analyses
 3210 from BAMSE
 2601 from Siniplus
  972 from Lisaplus
  633 from MAS
 2691 from PIAMA

16 147 aged 4 years included in 
 cross-sectional analyses
 1128 from EDEN
 1779 from PARIS
 3593 from BAMSE
  467 from DARC
 3498 from Sinaplus
 1415 from Lisaplus
  917 from MAS
 3350 from PIAMA

11 080 aged 8 years included in 
 cross-sectional analyses
 3272 from BAMSE
  407 from AMICS-Menorca
 2810 from Siniplus
 1081 from Lisaplus
  711 from MAS
 2799 from PIAMA

7895 excluded*6270 excluded*

4459 did not have data
           for age 8 years

1017 did not have data
           for age 4 years
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Results
The study population consisted of 16 147 children aged 
4 years (mean 46·1 months, SD 5·4) and 11 080 aged 
8 years (mean 106·5, SD 12·1), of whom 10 107 had 
information available at both ages (fi gure 1, table 1). 
Generally, excluded children with missing data at ages 
4 years and 8 years tended to be older, of medium or low 
socioeconomic status, and with higher parental smoking 
than participants (table 1). At both ages, excluded children 
were also less likely to be sensitised to IgE than were 
children included in the analyses (table 1). Most of the 
absolute diff erences—with the exception of parental 
smoking—were small (table 1) and unlikely to account 
for our results. 

593 of 16 147 (3·7%) children aged 4 years and 486 of 
11 080 (4·4%) aged 8 years had comorbidity (fi gure 2A). 
Comorbidity was more common in IgE-sensitised 
children at both ages compared with children without 
IgE sensitisation (fi gure 2B, 2C). When the observed and 
expected prevalences of each disease were compared at 

4 years and 8 years, both absolute and relative co-
morbidity were more common than would be expected 
by chance alone (fi gure 2D, 2G). The relative excess 
comorbidity was statistically signifi cant (appendix) 
except for rhinitis and eczema at age 8 years. The 
absolute excess of any comorbidity was 1·6% (3·7% 
observed vs 2·1% expected) for children aged 4 years and 
2·2% (4·4% observed vs 2·2% expected) for children 
aged 8 years (fi gure 2G). These data show that 43·7% of 
the observed comorbidity at age 4 years and 50% at age 
8 years is not attributable to chance.

The proportion of children with at least one of the three 
diseases who were sensitised to IgE ranged from 30 (9·2%) 
of 326 children from the PARIS cohort to 42 (28·2%) of 
149 children from the MAS cohort for participants aged 
4 years and from 200 (30·4%) of 657 children from the 
PIAMA cohort to 80 (53·7%) of 149 children from the 
MAS cohort aged 8 years (appendix).

The pattern of comorbidity diff ered between children 
with and without IgE sensitisation to common allergens 

4 years 8 years

Participants
(n=16 147)

Missing and non-
responders (n=6270)

Participants
(n=11 080)

Missing and non-
responders (n=7895)

Allergy-related diseases

None 12 385/16 147 (76·7%) NA 8685/11 080 (78·3%) NA

Asthma only 790/16 147 (4·9%) NA 363/11 080 (3·3%) NA

Rhinitis only 342/16 147 (2·1%) NA 653/11 080 (5·9%) NA

Eczema only 2037/16 147 (12·6%) NA 893/11 080 (8·1%) NA

Asthma and rhinitis 79/16 147 (0·5%) NA 175/11 080 (1·6%) NA

Asthma and eczema 250/16 147 (1·5%) NA 120/11 080 (1·1%) NA

Rhinitis and eczema 174/16 147 (1·1%) NA 117/11 080 (1·1%) NA

Asthma, rhinitis, and eczema 90/16 147 (0·6%) NA 74/11 080 (0·7%) NA

Age (months) 46·1 (5·4) 48·0 (4·6) 106·5 (12·1) 117·5 (14·9)

Girls 7843/16 147 (48·6%) 2983/6109 (48·8%) 5454/11 080 (49·2%) 3664/7733 (47·4%)

IgE (kUA/L)

<0·35 5772/7177 (80·4%) 1049/1272 (82·5%) 4107/6490 (63·3%) 1281/1945 (65·9%)

0·35–0·69 423/7177 (5·9%) 50/1272 (3·9%) 399/6490 (6·1%) 125/1945 (6·4%)

0·70–3·49 532/7177 (7·4%) 100/1272 (7·9%) 571/6490 (8·8%) 157/1945 (8·1%)

≥3·50 450/7177 (6·3%) 73/1272 (5·7%) 1413/6490 (21·8%) 382/1945 (19·6%)

Socioeconomic status

Low 1887/16 044 (11·8%) 569/3836 (14·8%) 1245/11 007 (11·3%) 848/5129 (16·5%)

Medium 6980/16 044 (43·5%) 1805/3836 (47·1%) 5322/11 007 (48·4%) 2279/5129 (44·5%)

High 7177/16 044 (44·7%) 1462/3836 (38·1%) 4440/11 007 (40·3%) 2002/5129 (39·0%)

Maternal history of asthma 1450/15 982 (9·1%) 579/5983 (9·7%) 1014/10 968 (9·3%) 727/7585 (9·6%)

Paternal history of asthma 1380/15 824 (8·7%) 454/5848 (7·8%) 883/10 856 (8·1%) 629/7445 (8·5%)

Maternal history of allergic diseases 6394/15 956 (40·1%) 2445/6113 (40·0%) 4442/10 944 (40·6%) 3305/7715 (42·8%)

Paternal history of allergic diseases 5616/15 804 (35·5%) 2079/5937 (35·0%) 4072/10 833 (37·6%) 2747/7568 (36·3%)

Maternal smoking during pregnancy 2368/15 952 (14·8%) 1136/5017 (22·6%) 1578/10 931 (14·4%) 1480/6606 (22·4%)

Paternal smoking during pregnancy 4014/9069 (44·3%) 1866/3647 (51·2%) 3185/7281 (43·7%) 2037/3341 (61·0%)

Maternal smoking 1830/9026 (20·3%) 985/2321 (42·4%) 1081/5238 (20·6%) 1064/2102 (50·6%)

Paternal smoking 2609/9031 (28·9%) 1041/2309 (45·1%) 1235/5170 (23·9%) 1073/2058 (52·1%)

Data are n/N (%) or mean (SD). Missing and non-responders includes children with missing data for the variables requested for the defi nition of diseases and children who did 
not participate in the corresponding follow-up (see appendix for numbers of children with data missing for each variable). NA=not applicable. 

Table 1: Characteristics of participants at age 4 and 8 years
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for both the relative excess comorbidity, which assesses 
the strength of the association between the three 
diseases, and the absolute excess comorbidity, which 
assesses the magnitude of the comorbidity (fi gure 2B, 
2C, 2E, 2F, 2H, 2I). Those with IgE sensitisation had a 
small relative excess comorbidity, with the only 
signifi cant increase for asthma and rhinitis at age 8 years 
and for asthma, rhinitis, and eczema at both ages 
(fi gure 2E), whereas those children without IgE 
sensitisation had signifi cantly high relative excess 
comorbidity for all comorbidities except asthma and 
rhinitis at age 4 years (fi gure 2F). Although the overall 
relative excess comorbidity was signifi cant for children 
both with and without IgE sensitisation, the diff erences 
for relative excess risks for the combined diseases 
suggests that the strength of the association between the 
three diseases is higher in the absence of IgE 
sensitisation.

By contrast, absolute excess comorbidity was higher in 
those with IgE sensitisation than in those without: 
absolute excess of overall comorbidity was 2·6% at age 
4 years and 2·9% at age 8 years, mainly a result of 

asthma and rhinitis at age 8 years and asthma, rhinitis, 
and eczema at both ages (fi gure 2H). Of those without 
IgE sensitisation, overall absolute excess comorbidity 
was 1% at both ages with a similar contribution from all 
comorbidities (fi gure 2I). The pattern of absolute excess 
comorbidity suggests that the magnitude of excess 
comorbidity is higher in children with IgE sensitisation 
than in those without.

We analysed the longitudinal pattern of comorbidity 
for 10 107 children with data at both ages. The relative 
risk of comorbidity at age 8 years ranged from 36·2 
(95% CI 26·8–48·8) for children with rhinitis and 
eczema  at age 4 years to 63·5 (95% CI 51·7–78·1) for 
children with asthma, rhinitis, and eczema at age 
4 years (table 2). When we included IgE sensitisation as 
a covariate, it was associated with comorbidities at 
8 years (RR 3·5, 95% CI 2·7–4·6), suggesting that IgE 
sensitisation at age 4 years is an independent 
contributor to comorbidity at 8 years. However, when 
the longitudinal model was stratifi ed by specifi c IgE 
sensitisation, the RRs were substantially higher for 
children without IgE sensitisation (table 2). Assuming 

Figure 2: Prevalence, relative excess comorbidity, and absolute excess comorbidity for children aged 4 years and 8 years
A=asthma. R=rhinitis. E=eczema. *Statistically signifi cant for relative excess morbidity analysis (p<0·05).
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a prevalence of IgE sensitisation at 4 years of 912 of 
4579 (19·9%) and an RR of 4·1 (95% CI 3·0–5·6) for 
IgE sensitisation (table 3), we obtained a PAR of 0·38, 
indicating that only 38% of the incidence of comorbidity 
at age 8 years is attributable to the presence of IgE 
sensitisation.

We did sensitivity analyses with imputed datasets, 
which led to very similar results (appendix). The 
longitudinal association between comorbidity at age 
4 years and comorbidity at age 8 years using higher 
cutoff s for stratifi cation of IgE sensitisation, maternal 
and paternal asthma, and parental history of allergies, 
and after combining serum-specifi c IgE and total IgE 
did not change, thus confi rming our results (appendix), 
although the proportion of children with comorbidity 
of eczema, rhinitis, and asthma at age 8 years increased 
(appendix). We did meta-analyses of log-linear models 
to ascertain the heterogeneity between birth cohorts in 
the longitudinal analysis (appendix). Although 
heterogeneity existed, all RRs for comorbidities were 
large and statistically signifi cant and the overall dose–
response pattern was maintained in the largest cohorts 
(appendix).

Discussion
We have shown that eczema, rhinitis, and asthma coexist 
in the same children both at age 4 and 8 years more often 
than would have been expected if these diseases were 
independent and that the presence of comorbidity at age 
4 years is a strong determinant of comorbidity at age 
8 years, suggesting the existence of causal relationships 
between these diseases. To our knowledge, this study is 
the fi rst to show that excess comorbidity of eczema, 
rhinitis, and asthma is present in children both with and 
without IgE sensitisation, as well as in children with and 
without parental history of allergies, suggesting that both 
IgE-mediated and non-IgE-mediated mechanisms are 
probably involved in their causal relationships. This 
study is also the fi rst to show that the tendency of these 
diseases to overlap is stronger in children without IgE 
sensitisation than in those with IgE sensitisation, as 
shown by both relative excess comorbidity and RRs, 
suggesting that IgE sensitisation can no longer be 
considered the dominant causal mechanism of 
comorbidity of eczema, rhinitis, and asthma (panel).

Before ascribing our results to a causal association, 
chance and bias should be excluded. Regarding chance, 
despite our large sample size, we had few cases for some 
of the comorbidities after stratifi cation by IgE sensitisation, 
particularly for children without sensitisation to IgE. 
Replication of our results and pooling with other cohorts 
could provide more robust estimation of the pattern of 
comorbidity among children with and without IgE 
sensitisation. Allergic diseases were classifi ed on the basis 
of questionnaires and we had to harmonise requested 
variables to build a pooled database. Although the diseases 
we studied were defi ned by symptom-based questionnaires 
which could lead to misclassifi cation, well-established 
international defi nitions33 were agreed on by a MeDALL 
expert panel.28 Unfortunately, the available information 
did not enable us to assess other phenotypes such as 
episodic viral wheeze and multitrigger wheeze,34 which 
have rarely been used in birth cohort studies. We assumed 

n (%; N=4579) RR (95% CI)

Allergic diseases at age 4 years

None 3485 (76·1%) 1 (reference)

Asthma only 354 (7·7%) 7·0 (4·7–10·4)

Rhinitis only 93 (2·0%) 7·4 (4·2–13·0)

Eczema only 647 (14·1%) 4·3 (3·0–6·3)

IgE sensitisation at age 4 years

No 3667 (80·1%) 1 (reference)

Yes 912 (19·9%) 4·1 (3·0–5·6)

Children with comorbidities at age 4 years were excluded. Only children with 
available IgE at 4 years were included.

Table 3: Risk of comorbidities at age 8 years for children without 
comorbidity at 4 years by multivariate log–linear model

All children (N=8366)* Children with IgE sensitisation 
(N=1587)

Children without IgE sensitisation 
(N=3423)

n at 
4 years

n at 
8 years (%)

RR (95% CI) n at
4 years

n at 
8 years (%)

RR (95% CI) n at 
4 years

n at 
8 years (%)

RR (95% CI)

None 6839 102 (1·5%) 1 1128 60 (5·3%) 1 2910 18 (0·6%) 1

Asthma only 316 59 (18·7%) 12·5 (9·3–16·9) 84 35 (41·7%) 7·8 (5·5–11·2) 133 12 (9·0%) 14·6 (7·2–29·7)

Rhinitis only 110 28 (25·5%) 17·1 (11·7–24·8) 36 16 (44·4%) 8·4 (5·4–13·0) 40 5 (12·5%) 20·2 (7·9–51·8)

Eczema only 859 85 (9·9%) 6·6 (5·0–8·8) 224 46 (20·5%) 3·9 (2·7–5·5) 296 13 (4·4%) 7·1 (3·5–14·4)

Asthma and rhinitis 34 22 (64·7%) 43·4 (31·7–59·4) 15 13 (86·7%) 16·3 (11·9–22·4) 6 2 (33·3%) 53·9 (15·9–182·8)

Asthma and eczema 107 65 (60·8%) 40·7 (31·9–52·1) 45 34 (75·6%) 14·2 (10·6–19·1) 27 10 (37·0%) 59·9 (30·5–117·5)

Rhinitis and eczema 63 34 (54·0%) 36·2 (26·8–48·8) 32 19 (59·4%) 11·2 (7·7–16·3) 8 6 (75·0%) 121·3 (65·9–223·2)

Asthma, rhinitis, and eczema 38 36 (94·7%) 63·5 (51·7–78·1) 23 23 (100%) 19·7 (15·4–25·2) 3 2 (66·7%) 107·8 (42·8–271·3)

RR=relative risk. The log-linear models included children who had two or three diseases and those who had none at age 8 years. Children with one disease at 8 years were 
excluded from the model. *3356 children had no information available for serum-specifi c IgE test results.

Table 2: Risk of comorbidity at age 8 years according to presence of disease at 4 years by log–linear models
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that misclassifi cation of asthma and episodic viral wheeze 
would not have diff ered between children with and 
without comorbidities. A particular diffi  culty arises if the 
classifi cation error for one of the diseases (eg, 
underdiagnosis of rhinitis) depends on the presence or 
absence of the other diseases or their surrogates (eg, 
underdiagnosis of asthma), leading to diff erential 
misclassifi cation. Our opinion is that such diff erential 
misclassifi cation could have occurred in our study—
children with one disease have frequent contact with 
medical care and so are more likely to be diagnosed with 
another disease. However, whether the diff erential 
misclassifi cation biased the results is unknown; the bias 
caused by diff erential misclassifi cation can either 
exaggerate or underestimate the associations being 
studied.35 In any case, bias caused by diff erential 
misclassifi cation is unlikely to account for all of the excess 
risk of comorbidity we detected for fi ve reasons: (1) the 
large magnitude of the excess comorbidity and 
associations, (2) the use of validated questionnaires, (3) 
minimisation of random variability and selection bias by 
use of a large pooled analysis, (4) the negligible role of 
confounding, and (5) the existence of experimental and 
epidemiological evidence supporting a real causal 
association between asthma, rhinitis, and eczema. 

Data were missing for many children, probably as a 
result of the large number of variables requested coupled 
with non-response rates. However, for most variables, 
the absolute diff erences between included and excluded 
participants were small and unlikely to account for our 
results (table 1). Despite the large sample size, only 
10 107 children from fi ve birth cohorts had complete data 
without missing values for both ages, which is 
insuffi  cient to longitudinally model all possible multiple 
diseases as outcomes. For this reason, we assessed 
comorbidity as an aggregate category of multiple 
diseases at age 8 years. Our study was suffi  ciently 
powered to analyse comorbidity as an aggregate category. 
The analysis with imputed datasets (table 2) enabled us 
to assess the eff ect of missing data and to increase the 
statistical power, which was especially important in the 
stratifi ed analyses (appendix). The RRs were stable in 
the log–linear models with imputed data. Other 
potentially important limitations such as 
misclassifi cation of IgE sensitisation and heterogeneity 
between birth cohorts were assessed in the sensitivity 
analysis, which provided very similar results to the main 
analysis (appendix).

Our study had several strengths. The prospective 
design enabled us to do both cross-sectional and 
longitudinal analyses. We did not do power calculations 
for the comparison between expected and observed 
frequencies, other than using the general rule of a 
minimum of fi ve observations per cell, which was 
exceeded by far in our study both for the overall and IgE-
stratifi ed analyses. Finally, the cohorts included children 
with mixed rural and urban background and pooling data 

resulted in good coverage of Europe’s population, 
strengthening the external validity of our results.

We are unaware of any previous study that assessed 
both the relative and absolute excess comorbidity of 
eczema, rhinitis, and asthma. Our results show that 
eczema, rhinitis, and asthma coexist in the same children 
aged both 4 years and 8 years more often than would be 
expected by chance. Furthermore, the presence of multiple 
diseases at age 4 years is a strong determinant of the 
presence of comorbidity at age 8 years. Most previous 
studies have relied on only observed comorbidity without 
considering the degree of comorbidity expected by chance 
(ie, comorbidity that would be present even if the diseases 
were independent). In our study, the excess comorbidity 
that was not a result of chance was only about half of the 
observed comorbidity, suggesting that previous 
estimations of comorbidity are probably infl ated. Venn 
diagrams, which have often been used to depict the degree 

Panel: Research in context

Systematic review
We searched PubMed from inception to July 16, 2013, with the 
term: “asthma” AND “rhinitis” AND “eczema OR dermatitis” 
AND (coexist*[tiab] OR co–exist*[tiab]) OR ((comorbidity[tiab]) 
OR (comorbidity[MeSH Terms])). We fi ltered the search to 
children aged 0–18 years only. We retrieved 94 citations, of 
which we excluded eight reviews and 16 reports published in 
languages other than English. Most of these fi nal 70 studies 
assessed comorbidities of children with rhinitis, eczema, or 
asthma, or were focused on sequential progression of multiple 
allergic conditions. Several studies5,32 described the prevalence 
of comorbidity and concluded that allergic comorbidity is 
common, thus supporting the hypothesis that eczema, rhinitis, 
and asthma are inter-related and should not be regarded as 
separate diseases. However, none of the studies assessed the 
overall pattern of excess comorbidity between eczema, rhinitis, 
and asthma against the null hypothesis of independence 
including the role of IgE sensitisation. Because they did not 
estimate which proportion of the observed allergic 
comorbidities could be attributable to chance or to causal 
determinants,2 they might be based on erroneous assumptions 
about allergic comorbidity.

Interpretation
Our analysis has shown that eczema, rhinitis, and asthma 
coexist in the same child at both age periods more often than 
would be expected if these diseases were independent. 
Furthermore, the presence of comorbidity at age 4 years was 
strongly associated with the presence of comorbidity at age 
8 years in a dose–response manner, thus increasing our 
confi dence of the existence of causal mechanisms among these 
diseases. This relation was present in children with and without 
IgE sensitisation and in the presence or absence of parental 
history of allergies, suggesting that in addition to IgE other 
non-IgE-mediated mechanisms are probably involved in the 
causal relationships.
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of comorbidity, do not provide information about excess 
comorbidity and therefore should be interpreted with 
caution. Although abundant, most previous evidence 
about comorbidity has been focused on a limited number 
of pair-wise relationships, mainly between asthma and 
rhinitis or between asthma and eczema. A study of the 
MAS cohort showed that allergic rhinitis in preschool 
children is a predictor of subsequent onset of wheezing.36 
In the CAPS cohort, children with atopic eczema were 
more likely than were those without atopic eczema to have 
a history of food allergies, allergic rhinitis, and current 
wheeze.37 Similarly, in the ECA study children with rhinitis 
at age 10 years were much more likely to have asthma, 
atopic eczema, and food allergy than children without 
rhinitis.38 Our study has taken the evidence one step 
further by longitudinally modelling the overall pattern of 
comorbidity of eczema, rhinitis, and asthma.

Our study provides information about the role of IgE 
sensitisation in allergic comorbidity during childhood. 
Absolute excess comorbidity was larger among children 
with IgE sensitisation and the independent association 
between serum-specifi c IgE at age 4 years and the 
development of comorbidity at age 8 years strongly 
supports the role of serum-specifi c IgE sensitisation in 
comorbidity of eczema, rhinitis, and asthma. The 
population attributable risk of IgE sensitisation was 38%. 
This fi nding suggests that, assuming that all the 
association between specifi c IgE sensitisation and 
comorbidity was causal, a maximum of 38% of 
comorbidity at age 8 years would have been avoided if 
those children had not been sensitised to IgE. However, of 
children with IgE sensitisation, only around a quarter of 
the observed comorbidity was not a result of chance at 
both ages, whereas the corresponding numbers for 
children without IgE sensitisation were 34·8% for those 
aged 4 years and 58·3% for those aged 8 years. Clarifi cation 
about whether IgE sensitisation is causally related to 
comorbidity, or a result of reverse causation or other 
related factors will need much more focused research.

Our study has shown that excess comorbidity also 
occurs in the absence of IgE sensitisation or parental 
history of allergies. By contrast with IgE-sensitised 
children, those without IgE sensitisation had a more 
consistent pattern of relative excess comorbidity at both 
ages, which suggests that the tendency of eczema, 
rhinitis, and asthma to aggregate is not totally dependent 
on IgE sensitisation or parental history of allergies. Our 
results are consistent with a recent study11 showing that 
children with allergic and non-allergic rhinitis have a 
similar risk of asthma, a fi nding also reported in 
adults.39 By contrast with previous studies,36,37,39 the dose–
response pattern of comorbidity between the ages of 
4 and 8 years was more consistent and stronger in 
children without IgE sensitisation than in those with 
IgE sensitisation, suggesting that—in agreement with 
data for asthma40—the importance of IgE sensitisation 
and atopy as a unifying explanation for comorbidity of 

eczema, rhinitis, and asthma has been overemphasised.41 
Thus, more research is needed to investigate the non-
IgE-mediated mechanisms of comorbidity of eczema, 
rhinitis, and asthma.42

Overall, excess comorbidity can be broadly attributed to 
diff erent causal mechanisms involving disease-to-disease 
causation or shared environmental or genetic risk 
factors.2 Two hypotheses—the atopic march8 and the 
unifi ed airways disease43—have attempted to explain 
allergic comorbidities and are both directly or indirectly 
supported by our results. IgE sensitisation could either 
induce or perpetuate comorbidities and a diff erent set of 
genes might be involved in the progression of 
comorbidity. Among the more than 100 genes that are 
associated with asthma, several are also associated with 
other allergic diseases.44–47 Loss-of-function mutations in 
the fi laggrin gene (FLG) have been suggested to have a 
role in the atopic march,48 although fi laggrin null-
mutations do not modify the association between allergic 
rhinitis and asthma or eczema.11 Most previous studies 
have investigated eczema, rhinitis, and asthma 
independently, in search of more specifi c sub-phenotypes 
of each disease, which is a useful approach. However, our 
results suggest that excess comorbidity of eczema, 
rhinitis, and asthma is the result of phenotypical 
interrelationships between these diseases and that an 
integrated approach including all three diseases should 
be also considered. The use of new approaches—eg, 
network topology2 and systems biology13—could help 
unravel the inter-relationships between these diseases 
and improve diagnostic and control strategies.

Finally, although around 50% of the allergic comorbidity 
in children was attributable to chance, the frequency of 
absolute excess comorbidity of eczema, asthma, and 
rhinitis is large, aff ecting 1·6% children aged 4 years and 
2·2% of those aged 8 years. Our study provides additional 
evidence for the design and implementation of health-care 
strategies to manage comorbidity of allergic diseases 
similar to those developed by ARIA49 and the Royal College 
of Paediatrics and Child Health Standards in the UK.50 Our 
results could also inform the management of children 
with these diseases, helping practitioners to realise that 
children with eczema, asthma, or rhinitis only are at risk of 
developing the other conditions irrespective of their IgE 
status. The study provides new information about the 
natural course of single diseases and comorbidities and 
might enable existing predictive indices of allergic diseases 
(eg, asthma51,52) to be improved by incorporating the new 
information about comorbidities into refi ned predictive 
models. Finally, our fi ndings suggest that interventions for 
one of these diseases could prevent or improve the others, 
and that assessment of the eff ects of pharmacological 
interventions on comorbidities is necessary.53

Contributors
MP wrote the initial draft with supervision of JMA. JMA, JG-A, SG, JS, 

XB, and MP interpreted the fi ndings. MB prepared the common database 

and did statistical analyses. JL did statistical analysis. IA-M (EDEN), CB-J, 



Articles

www.thelancet.com/respiratory   Vol 2   February 2014 139

EE (DARC), JH, SK, CGT (GINI and LISA), CH, SL, TK (MAS), IK, EM, 

MW (BAMSE), IM, FR, JJ (PARIS), UG, MKo, HAS, AHW (PIAMA), DP 

(ROBBIC–Rome), MPF (ROBBIC–Bologna), KCLC, K-HC (ECA), and 

MT (AMICS–Menorca) provided data. All authors provided comments, 

participated in the critical revision of the article, and approved the fi nal 

version.

Confl icts of interest
The University of Groningen has received money for DSP for an 

unrestricted educational grant for research from AstraZeneca and 

Chiesi. DSP’s travel to European Respiratory Society and American 

Thoracic Society meetings has been partially funded by AstraZeneca, 

Chiesi, GlaxoSmithKline, and Nycomed. Fees for consultancies for DSP 

were given to the University of Groningen by Astra Zeneca, Boehringer 

Ingelheim, Chiesi, GlaxoSmithKline, Nycomed, and TEVA. Travel and 

lectures in China were paid for DSP by Chiesi. The other authors declare 

that they have no confl icts of interest.

Acknowledgments
This work was supported by Mechanisms of the Development of 

ALLergy (MeDALL), a collaborative project done within the EU under 

the Health Cooperation Work Programme of the seventh Framework 

programme (grant agreement number 261357). MP is a recipient of a 

“Sara Borrell” postdoctoral contract (CD11/00090) from the Fondo de 

Investigaciones Sanitarias, Ministry of Economy and Competitiveness, 

Spain. We thank the participating children and parents as well as all staff  

involved in the birth cohort studies.

References
1 Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. 

Epidemiology of multimorbidity and implications for health care, 
research, and medical education: a cross-sectional study. Lancet 
2012; 380: 37–43.

2 Valderas JM, Starfi eld B, Sibbald B, Salisbury C, Roland M. 
Defi ning comorbidity: implications for understanding health and 
health services. Ann Fam Med 2009; 7: 357–63.

3 Lee D-S, Park J, Kay KA, Christakis NA, Oltvai ZN, Barabási A-L. 
The implications of human metabolic network topology for disease 
comorbidity. Proc Natl Acad Sci USA 2008; 105: 9880–85.

4 Eder W, Ege MJ, Von Mutius E. The asthma epidemic. N Engl J Med 
2006; 355: 2226–35.

5 Ballardini N, Kull I, Lind T, et al. Development and comorbidity of 
eczema, asthma and rhinitis to age 12: data from the BAMSE birth 
cohort. Allergy 2012; 67: 537–44.

6 Strachan D, Sibbald B, Weiland S, et al. Worldwide variations 
in prevalence of symptoms of allergic rhinoconjunctivitis in 
children: the International Study of Asthma and Allergies in 
Childhood (ISAAC). Pediatr Allergy Immunol 1997; 8: 161–76.

7 Hopper JL, Bui QM, Erbas B, et al. Does eczema in infancy cause 
hay fever, asthma, or both in childhood? Insights from a novel 
regression model of sibling data. J Allergy Clin Immunol 2012; 
130: 1117–22.e1.

8 Spergel JM, Paller AS. Atopic dermatitis and the atopic march. 
J Allergy Clin Immunol 2003; 112: S118–27.

9 Kjaer HF, Eller E, Høst A, Andersen KE, Bindslev-Jensen C. The 
prevalence of allergic diseases in an unselected group of 6-year-old 
children. The DARC birth cohort study. Pediatr Allergy Immunol 
2008; 19: 737–45.

10 Westman M, Stjärne P, Asarnoj A, et al. Natural course and 
comorbidities of allergic and nonallergic rhinitis in children. 
J Allergy Clin Immunol 2012; 129: 403–08.

11 Chawes BLK, Bønnelykke K, Kreiner-Møller E, Bisgaard H. 
Children with allergic and nonallergic rhinitis have a similar risk of 
asthma. J Allergy Clin Immunol 2010; 126: 567–73.e1–8.

12 Bousquet J, Anto J, Auff ray C, et al. MeDALL (Mechanisms of the 
Development of ALLergy): an integrated approach from phenotypes 
to systems medicine. Allergy 2011; 66: 596–604.

13 Antó JM, Pinart M, Akdis M, et al. Understanding the complexity of 
IgE-related phenotypes from childhood to young adulthood: a 
Mechanisms of the Development of Allergy (MeDALL) seminar. 
J Allergy Clin Immunol 2012; 129: 943–54.e4.

14 Sunyer J, Torrent M, Garcia-Esteban R, et al. Early exposure to 
dichlorodiphenyldichloroethylene, breastfeeding and asthma at age 
six. Clin Exp Allergy 2006; 36: 1236–41.

15 Lødrup Carlsen KC. The environment and childhood asthma (ECA) 
study in Oslo: ECA-1 and ECA-2. Pediatr Allergy Immunol 2002; 
13 (suppl 15): 29–31.

16 Berg AV, Krämer U, Link E, et al. Impact of early feeding on 
childhood eczema: development after nutritional intervention 
compared with the natural course—the GINIplus study up to the 
age of 6 years. Clin Exp Allergy 2010; 40: 627–36.

17 Zutavern A, Brockow I, Schaaf B, et al. Timing of solid food 
introduction in relation to eczema, asthma, allergic rhinitis, and 
food and inhalant sensitization at the age of 6 years: results from 
the prospective birth cohort study LISA. Pediatrics 2008; 121: e44–52.

18 Bergmann RL, Bergmann KE, Lau-Schadensdorf S, et al. Atopic 
diseases in infancy. The German multicenter atopy study (MAS-90). 
Pediatr Allergy Immunol 1994; 5: 19–25.

19 Wijga AH, Kerkhof M, Gehring U, et al. Cohort profi le: the 
Prevention and Incidence of Asthma and Mite Allergy (PIAMA) 
birth cohort. Int J Epidemiol 2013; published online Jan 11. 
DOI:10.1093/ije/dys231.

20 Drouillet P, Forhan A, De Lauzon-Guillain B, et al. Maternal fatty 
acid intake and fetal growth: evidence for an association in 
overweight women. The ‘EDEN mother-child’ cohort (study of 
pre- and early postnatal determinants of the child’s development 
and health). Br J Nutr 2009; 101: 583–91.

21 Clarisse B, Nikasinovic L, Poinsard R, Just J, Momas I. The Paris 
prospective birth cohort study: which design and who participates? 
Eur J Epidemiol 2007; 22: 203–10.

22 Porta D, Fantini MP, on behalf of the GASPII and Co.N.ER Study 
Groups. Prospective cohort studies of newborns in Italy to evaluate 
the role of environmental and genetic characteristics on common 
childhood disorders. Ital J Pediatr 2006; 32: 350–57.

23 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.

24 Ramón R, Ballester F, Rebagliato M, et al. The Environment and 
Childhood Research Network (‘INMA’ network): study protocol. 
Rev Esp Salud Publica 2005; 79: 203–20 (in Spanish).

25 Barnetson RSC, Rogers M. Childhood atopic eczema. BMJ 2002; 
324: 1376–79.

26 Jarvis D, Newson R, Lotvall J, et al. Asthma in adults and its 
association with chronic rhinosinusitis: the GA2LEN survey in 
Europe. Allergy 2012; 67: 91–98.

27 Asher MI, Keil U, Anderson HR, et al. International Study of 
Asthma and Allergies in Childhood (ISAAC): rationale and 
methods. Eur Respir J 1995; 8: 483–91.

28 Pinart M, Maier D, Gimeno-Santos E, et al. Systematic review protocol 
to defi ne classical IgE-associated diseases from birth to adolescence: 
the MeDALL study. WebmedCentral ALLERGY; 3: WMC003408.

29 Marrugat J, Vila J, Pavesi M, Sanz F. Estimation of the sample size 
in clinical and epidemiological investigations. Med Clin (Barc) 1998; 
111: 267–76 (in Spanish).

30 Hosmer DW, Lemeshow S. Applied logistic regression. New York: 
Wiley, 2000.

31 Van Buuren S, Boshuizen HC, Knook DL. Multiple imputation of 
missing blood pressure covariates in survival analysis. Stat Med 
1999; 18: 681–94.

32 Wang XS, Shek LP, Ma S, Soh SE, Lee BW, Goh DYT. Time trends of 
co-existing atopic conditions in Singapore school children: prevalence 
and related factors. Pediatr Allergy Immunol 2010; 21: e137–41.

33 Pekkanen J, Sunyer J, Anto JM, Burney P. Operational defi nitions 
of asthma in studies on its aetiology. Eur Respir J 2005; 26: 28–35.

34 Brand PLP, Baraldi E, Bisgaard H, et al. Defi nition, assessment 
and treatment of wheezing disorders in preschool children: an 
evidence-based approach. Eur Respir J 2008; 32: 1096–110.

35 Rothman KJ, Greenland S. Modern epidemiology, 2nd edn. 
Philadelphia: Lippincott-Raven, 1998.

36 Rochat MK, Illi S, Ege MJ, et al. Allergic rhinitis as a predictor for 
wheezing onset in school-aged children. J Allergy Clin Immunol 
2010; 126: 1170–75.e2.

37 Kusel MMH, Holt PG, De Klerk N, Sly PD. Support for 2 variants of 
eczema. J Allergy Clin Immunol 2005; 116: 1067–72.

38 Bertelsen RJ, Carlsen KCL, Carlsen K-H. Rhinitis in children: 
co-morbidities and phenotypes. Pediatr Allergy Immunol 2010; 
21: 612–22.



Articles

140 www.thelancet.com/respiratory   Vol 2   February 2014

39 Leynaert B, Neukirch C, Kony S, et al. Association between asthma 
and rhinitis according to atopic sensitization in a population-based 
study. J Allergy Clin Immunol 2004; 113: 86–93.

40 Pearce N, Pekkanen J, Beasley R. How much asthma is really 
attributable to atopy? Thorax 1999; 54: 268–72.

41 Arshad SH, Tariq SM, Matthews S, Hakim E. Sensitization to 
common allergens and its association with allergic disorders at age 
4 years: a whole population birth cohort study. Pediatrics 2001; 
108: E33.

42 Saito H, Ishizaka T, Ishizaka K. Mast cells and IgE: from history to 
today. Allergol Int 2013; 62: 3–12.

43 Cruz AA, Popov T, Pawankar R, et al. Common characteristics of 
upper and lower airways in rhinitis and asthma: ARIA update, in 
collaboration with GA(2)LEN. Allergy 2007; 62 (suppl 84): 1–41.

44 Melén E, Pershagen G. Pathophysiology of asthma: lessons from 
genetic research with particular focus on severe asthma. 
J Intern Med 2012; 272: 108–20.

45 Dizier M-H, Margaritte-Jeannin P, Madore A-M, et al. The ANO3/
MUC15 locus is associated with eczema in families ascertained 
through asthma. J Allergy Clin Immunol 2012; 129: 1547–53.e3.

46 Dizier M-H, Bouzigon E, Guilloud-Bataille M, et al. Evidence for 
a locus in 1p31 region specifi cally linked to the co-morbidity of asthma 
and allergic rhinitis in the EGEA study. Hum Hered 2007; 63: 162–67.

47 Guilloud-Bataille M, Bouzigon E, Annesi-Maesano I, et al. Evidence 
for linkage of a new region (11p14) to eczema and allergic diseases. 
Hum Genet 2008; 122: 605–14.

48 Heimall J, Spergel JM. Filaggrin mutations and atopy: 
consequences for future therapeutics. Expert Rev Clin Immunol 
2012; 8: 189–97.

49 Bousquet J, Anto JM, Demoly P, et al. Severe chronic allergic (and 
related) diseases: a uniform approach—a MeDALL—GA2LEN—
ARIA position paper. Int Arch Allergy Immunol 2012; 158: 216–31.

50 Vance G, Lloyd K, Scadding G, et al. The ‘unifi ed airway’: the 
RCPCH care pathway for children with asthma and/or rhinitis. 
Arch Dis Child 2011; 96 (suppl 2): i10–14.

51 Castro-Rodríguez JA, Holberg CJ, Wright AL, Martinez FD. 
A clinical index to defi ne risk of asthma in young children with 
recurrent wheezing. Am J Respir Crit Care Med 2000; 162: 1403–06.

52 Leonardi NA, Spycher BD, Strippoli M-PF, Frey U, Silverman M, 
Kuehni CE. Validation of the Asthma Predictive Index and 
comparison with simpler clinical prediction rules. 
J Allergy Clin Immunol 2011; 127: 1466–72.e6.

53 Rachelefsky G, Farrar JR. A control model to evaluate 
pharmacotherapy for allergic rhinitis in children. JAMA Pediatr 
2013; 167: 380–86.


	Comorbidity of eczema, rhinitis, and asthma in IgE-sensitised and non-IgE-sensitised children in MeDALL: a population-based cohort study
	Introduction
	Methods
	Study design and participants
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


