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Abstract

Background—Filaggrin loss-of-function (FL G-LOF) mutations are an established genetic cause
of eczema. These mutations have subsequently been reported to increase the risk of aeroallergen
sensitization and allergic airway disease. However, it is unclear whether FL G variants require both
eczema and aeroallergen sensitization to influence airway disease development long-term
outcomes.

Objective—To examine the effects of FLG-LOF mutations on allergic airway disease outcomes,
with eczema and aeroallergen sensitization as intermediate variables, using the Isle of Wight birth
cohort.

Methods—Study participants were evaluated at ages 1, 2, 4, 10 and 18 years to ascertain the
development of allergic diseases (eczema, asthma and allergic rhinitis) and aeroallergen
sensitization (determined by skin prick tests). FLG-LOF mutations were genotyped in 1150
subjects. To understand the complex associations between FL G mutations, intermediate variables
(eczema and aeroallergen sensitization) and airway disease, path analysis was performed.

Corresponding author:- adrian.chan.k.w@singhealth.com.sg.

DR ADRIAN KWOK WAI CHAN (Orcid 1D : 0000-0002-6892-984X)
DR HONGMEI ZHANG (Orcid ID : 0000-0003-3557-0364)
PROFESSOR GRAHAM ROBERTS (Orcid ID : 0000-0003-2252-1248)



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chan et al. Page 2

Results—There were significant total effects of FL G-LOF mutations on both asthma and allergic
rhinitis at all ages as well as on aeroallergen sensitization up till 10 years old. In the filaggrin-
asthma analysis, a direct effect of FL G-LOF mutations was observed on early childhood eczema
(age 1 and 2 years) (relative risk (RR) 2.01, 95% CI: 1.74 - 2.31, p < 0.001), and all significant
indirect pathways on asthma outcomes passed through eczema at these ages. In contrast, for the
filaggrin-rhinitis model, FL G-LOF mutations exerted significant direct effects on early eczema as
well as rhinitis at 10 years (RR 1.99; 95% CI: 1.72 - 2.29, p = 0.002).

Conclusion—FLG-LOF mutations are a significant risk factor for later childhood asthma and
rhinitis. However, the pathway to asthma is only through early childhood eczema while a direct
effect was observed for childhood rhinitis.

Introduction

The overall prevalence and burden of allergic diseases (eczema, rhinitis and asthma) in
childhood and adolescence have increased in recent years. (1) These conditions appear to be
associated with one another, as illustrated by the “allergic march” concept whereby eczema
is often the first manifestation of allergic disease in infancy and early childhood, followed by
rhinitis and asthma. (2) However, this concept has recently been challenged in favor of
allergic comorbidity where these diseases occur together although overt manifestation may
be sequential. (3, 4) Allergic sensitization is a likely common denominator as evidence
suggests a close relationship between atopic dermatitis, aeroallergen sensitization (AAS) and
asthma/rhinitis. (5-8)

Genetic factors have garnered widespread examination as an explanation for this observed
association, of which the role of filaggrin (FLG) mutations has received particular attention
as a risk factor for allergic disease development (33). FLG encodes for a skin epidermal
protein that contributes to the natural skin barrier protecting against transcutaneous water
loss as well as the unwanted entry of environmental allergens. (9, 10) FL G loss-of-function
(FLG-LOF) mutations have been established to cause epidermal barrier dysfunction, thereby
increasing the risk of eczema. (11) Beyond eczema, there is evidence that L G mutations are
also associated with allergic sensitization and airway allergy in later childhood. (12-16)

The exact mechanism by which FLG-LOF mutations increase allergic airway disease
remains to be determined. One proposed pathway is that the presence of prior eczema and
skin inflammation are necessary to allow for the mechanical entry of aeroallergens, thus
promoting the sequential development of aeroallergen sensitization (AAS) and airway
disease in subjects with FL G-LOF mutations. (17-19) An alternative pathway is that a
defective skin barrier allows allergens to induce systemic Th2-driven sensitization,
independent of eczema. (13, 20)

Ziyab et al studied the interactions between FLG-LOF mutations and allergic sensitization
on the outcomes of eczema and allergic airway disease in the Isle of Wight cohort. (21) With
the same cohort, we further analysed the impact of AL G-LOF mutations on long-term
allergic airway disease outcomes up to 18 years old, with eczema and aeroallergen
sensitization as intermediate analysis variables. Using path analysis, the relative
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contributions of eczema and AAS towards the pathogenesis of asthma and rhinitis in FLG
variants were evaluated. (Figure 1)

Methodology

Study Population

The 10W birth cohort consists of all subjects consecutively born on the Isle of Wight
between 1 January 1989 and 28 February 1990 (see Supplementary Figure 1). They were
recruited at birth and followed up at regular intervals (1, 2, 4, 10 and 18 years of age) in
order to study the impact of genetic and environmental factors on the natural development
and progression of allergic diseases. (21-23) (Supplementary Figure 2) Exclusion criteria
were children who were adopted, perinatal deaths and parental refusal for follow-up. The
study was approved by the Isle of Wight Local Research Ethics Committee (06/Q1701/34)
and received further approval in 2006 for genetic studies.

Diagnostic Criteria for Allergic Disease

The detailed assessment of the IOW birth cohort has been published previously (24-27). At
each follow-up, subjects and/or parents were required to complete study-specific and disease
validated questionnaires including International Study of Asthma and Allergy in Childhood
(ISAAC) (25). The majority of participants underwent skin prick testing (SPT) at 4, 10 and
18 years to 14 common food and aeroallergens (ALK-Abello, Horsholm, Denmark). (23)
Subjects who could not physically attend follow-ups received either a postal- or telephone-
based questionnaire to maintain data collection.

A diagnosis of eczema in the past 12 months was made based on the diagnostic criteria by
Hanifin and Rajka, that is, a pruritic dermatitis of a chronic and relapsing duration (more
than 6 weeks) with a characteristic morphology and distribution. (28) Asthma was defined as
having both a history of asthma and either the presence of wheezing or requirement for
asthma medications in the prior 12 months. (29) Rhinitis was defined by sneezing, running
and / or congested nose present on most days in the past 12 months, in the absence of a cold
or flu. (30). Allergic disease diagnoses were confirmed by both the patients’ primary
physicians as well as clinicians involved in the study.

Aeroallergen Sensitization

Aeroallergen sensitization (AAS) status was determined using skin prick tests (SPTs)
performed at the follow-ups. Aeroallergens tested included house dust mite
(Dermatophagoides pteronyssinus), cat, dog, Alternaria alternata, Cladosporium herbarium,
grass pollen mix, and tree pollen mix (ALK-Albello, Horsholm, Denmark). Positive
(histamine) and negative (saline) controls were performed for measurements. At ages 1 and
2 years, SPTs were performed only if subjects demonstrated symptoms of eczema, asthma,
or rhinitis. For the purpose of analysis, SPT results for these 2 follow-ups were combined as
they occurred within a short time period. At 4, 10 and 18 years, SPTs were routinely
performed on children attending the follow-ups to the standard battery of aeroallergens
regardless of symptoms. Positive sensitization was defined as having a SPT reaction to at
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least one aeroallergen with a mean wheal diameter of 3 mm greater than the negative
control.

FLG Genotyping

Five variants in the £L G gene (R501X, 2282del4, S3247X, 3702delG, and R2447X) that
account for 96% of all FLG mutations in European ancestry were selected for genotyping.
(11) Extracted DNA samples were run using GoldenGate Genotyping Assays on the
BeadXpressVeracode platform (Illumina, Inc, SanDiego, CA) and analyzed using the
genotyping module of the GenomeStudio Software package (Illumina, Inc, SanDiego, CA).
Children were determined to have FLG loss-of-function defect if they carry the minor allele
for at least one of the following LG null variants: R501X, 2282del, or S3247X.

Statistical Analysis

Data analysis was first performed with SPSS software (Version 22; IBM, USA). Categorical
variables that were assessed included gender, the proportion of patients with aeroallergen
sensitization (based on positive or negative SPT), eczema, rhinitis and asthma at each
follow-up time point. Statistical significance of the difference in proportions between the
two groups were assessed by the chi-squared or Fisher exact test. To explore the mechanisms
leading to longitudinal airway disease manifestation in FL G-LOF mutation carriers, path
analysis was performed with Mplus software (Mersion 7, USA). Paths were first mapped out
for direct and indirect effects. Risk ratios for each path, defined as the ratio of two
probabilities, were derived. Using FLG-LOF as an example, one probability would be
having the disease (outcome) if a subject possessed the FLG-LOF mutation, whilst the other
probability was having the disease without the mutation. Probabilities were assessed based
on probit regressions. A direct effect is defined by a unidirectional path where a determining
variable is directly responsible for an outcome, with all other variables remaining constant.
(31) An example would be FLG-LOF (A) — Asthma (C). An indirect effect is defined as
the effect of a variable on an outcome through another intermediate intervening variable,
such as FLG-LOF (A) — Eczema (B) — Asthma (C). The total effect is a combination of
direct and indirect effect on the specified outcome, which reflects the overall effect of latent
continuous variables leading to a binary outcome. (31) On the basis of time sequence, the
path model also includes paths from one variable measured at an earlier age to variables and
outcomes measured at later ages. For instance, the initial model included paths from eczema
at ages 1 or 2 years to eczema at age 4 and to asthma at age 10. These paths enabled us to
evaluate whether eczema at an earlier age influences eczema and/or asthma at a later age.
For this study, the total effects of FLG-LOF on allergic airway disease outcomes would
include all possible interactions with eczema and aeroallergen sensitization at various time
points. Statistically significant paths were determined via stepwise variable selection based
on p-values. Separate path models to assess the direct and indirect effects of risk factors of
asthma and rhinitis were constructed. Path coefficients and risk ratios were estimated for
constructed paths. 95% confidence intervals (Cls) were used and a P value of < 0.05 was
regarded as statistically significant.
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Study Population Description

FLG status

1456 children were available for analysis. Subjects were predominantly (99%) of Caucasian
ethnicity. The IOW cohort was dynamic in that some subjects were unable to attend one
follow up but returned to participate in future assessments. Nonetheless, we had high
retention at each assessment from 1 to 18 years (see Supplementary Figure 2). During
routine investigation for sensitization, skin prick test results availability at each assessment
ranged between 58.4 to 71.1%.

The prevalence of eczema was highest at 2 years of age (21.1%) (Table 1). Thereafter,
eczema prevalence decreased at 4 years but remained constant until 18 years. Consistent
with the atopic march, allergic airway disease tended to manifest to a greater extent in later
childhood and adolescence. Similarly, the prevalence of positive AAS sensitization increased
progressively from 17.3% at 4 years to 40.3% at 18 years. There was a significant risk of
asthma at 4 years in children with eczema at ages 1 (risk ratio (RR) 2.29; 95% CI: 1.70 -
3.09; p <0.001) or 2 (RR 1.74; 95% CI: 1.29 - 2.36; p < 0.001) years (see Supplementary
Table). Eczema at 4 years was associated with increased asthma presentation at 4 (RR 2.19;
95% Cl: 1.63 - 2.95; p < 0.001) and 10 (RR 1.56; 95% CI: 1.07 - 2.27; p = 0.02) years
(Supplementary Table). Early life eczema at 1, 2 and 4 years was consistently associated
with rhinitis from 4 years onwards (Supplementary Table).

FL G status was tested in 1150 participants, in which 119 had FLG-LOF mutations. No
significant differences in eczema, airway disease and AAS were found between the whole
study population and the genotyped population (Table 1). The frequency of minor allele
occurrences in the cohort had previously been described by Ziyab et al. (32)

Path Analysis

Total Effects—The peak association between FLG-LOF mutations and eczema was noted
at 4 years (RR 2.89; 95% CI: 2.57 - 3.24; p < 0.001). There was a significant effect of FLG-
LOF mutations on asthma at all ages studied, with a greater association seen at 10 years (RR
1.96; 95% CI: 1.70 - 2.26; p = 0.003) and 18 years of age (RR 2.50; 95% CI: 2.20 - 2.83; p =
0.004) (Table 2). Additionally, FL G-LOF mutations also demonstrated a significant
association with rhinitis at all ages, with the strongest association observed at 10 years (RR
2.66; 95% CI: 2.35 - 3.00; p < 0.001). FLG-LOF demonstrated an impact on AAS up to 10
years, but this association was not evident at 18 years.

Direct Effects—In the FL G-asthma path analyses (Figure 2), no direct effect of FLG-LOF
mutations on asthma or aeroallergen sensitization (AAS) was found across all ages. A direct
effect of FLG-LOF on eczema at 1 to 2 years of age was seen (RR 2.01, 95% ClI: 1.74 -

2.31, p <0.001). Eczema at 1 to 2 years of age in FLG-LOF variants had multiple direct
effects on eczema at 4 years (RR 4.39, 95% CI: 3.99 - 4.82, p < 0.001), early aeroallergen
sensitization up to age 4 years as well as on asthma at 4 years of age. Surprisingly, eczema at
1 to 2 years appeared to reduce the risk of asthma at 10 years old (RR 0.50; 95% CI: 0.37 -
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0.66; p = 0.03). Eczema at 1 to 4 years had no direct effect on late asthma at 18 years.
Eczema at 4 years directly increased the probability of developing aeroallergen sensitization
at 4 years (RR 1.40, 95% CI: 1.18 - 1.65, p < 0.001) and asthma only at 10 years (RR 1.85,
95% ClI: 1.59 - 2.14, p < 0.001). Later eczema (10 and 18 years) had no direct effects on late
asthma and AAS. Both AAS (RR 1.82, 95% ClI: 1.57 - 2.11, p < 0.001) and asthma (RR
3.25,95% CI: 2.91 - 3.62, p < 0.001) at 4 years had direct effects on later asthma at 10
years. Only asthma at 10 years had a direct effect on having asthma at 18 years.

Direct effects on rhinitis at 4 years arose from eczema at 4 years only (RR 3.96, 95% ClI:
3.58 - 4.37, p < 0.001) (Figure 3). For rhinitis at 10 years, a direct effect of FLG-LOF
mutations (RR 1.99; 95% CI: 1.72 - 2.29, p = 0.002), earlier eczema at 4 years (RR 1.22;
95% CI: 1.01 - 1.46, p = 0.02) and aeroallergen sensitization at 10 years (RR 1.63; 95% CI:
1.39 - 1.90; p < 0.001) was observed. Late AAS at 10 years also had a direct effect on
rhinitis at 18 years (RR 1.32, 95% ClI: 1.10 - 1.57, p < 0.001).

Indirect Effects—The most statistically significant indirect effects of FLG-LOF mutations
on asthma at all ages occurred through early eczema (1, 2 and 4 years) and early
aeroallergen sensitization (AAS) at 4 years (Table 3). FLG-LOF had an indirect effect on
asthma at age 4 through eczema at 1-2 years but the rest of the indirect effects of FLG-LOF
on asthma involved both, eczema and AAS as intermediaries. Likewise, for rhinitis at 4
years, FLG-LOF mutations had an indirect effect that required early eczema (1, 2 and 4
years) but not AAS. For rhinitis at 10 and 18 years, FL G-LOF variants exerted their effects
via early eczema as well as through AAS at 4 and 10 years. There were no significant paths
whereby FLG-mutations influenced airway disease outcomes through AAS without the
presence of eczema.

Discussion

We sought to study the time-dependent interplay between FLG-LOF mutations and
sequential development of aeroallergen sensitization and allergic airway disease. Our study
has found that the association of FLG deficiency with allergic disease outcomes extends up
to 18 years of age, as compared to data from cohort studies which demonstrated that FLG-
LOF mutations have an impact on allergic disease up till 11 years of age. (17, 33) FLG-LOF
mutations exerted total effects not only on eczema and allergic airway disease at all ages
studied but also on aeroallergen sensitization up to 10 years of age. Except for one direct
path linking FL G-LOF mutation and rhinitis at 10 years old, all other paths passed through
eczema at 1 and 2 years to give rise to airway disease, thus emphasising the role of eczema
during early childhood in increasing the probability of persistent airway disease expression
in FLG variants.

Two biologic pathways have been proposed to increase the risk of FLG-LOF: one suggests
that a barrier permeability impairment attributable to AL G-LOF mutations without eczema is
the main factor, and a second assumes that eczematous skin inflammation contributes to
both the barrier defect and mediation of systemic Th2 inflammation. Recent studies appear
to favor the latter mechanism in asthma. Skin barrier defects in eczema patients have been
reported to be associated with higher aeroallergen sensitization. (5) In a study by Thyssen et
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al, FL G mutations were not associated with food and aeroallergen sensitization without
concomitant atopic dermatitis. (19) Palmer et al found that FLG mutations were more
strongly associated with a combined eczema-asthma phenotype than with asthma alone. (11)
Marenholz et al performed case-control association analysis and similarly found the
strongest association with the “eczema plus asthma” phenotype in FLG variants. (18) Palmer
et al however, did not evaluate atopic sensitization, whilst Marenholz et al’s study evaluated
atopic sensitization as an outcome of FLG-LOF effects, but not as a risk factor for disease
development. We defined eczema and aeroallergen sensitization as intermediate variables as
this would be more intuitive in a pathophysiologic disease model. We then attempted to
dissect and quantify the contributions of these factors in a longitudinal manner on allergic
airway disease outcomes. An important result was derived from indirect path analysis, where
it was repeatedly demonstrated that ~L G-LOF mutations required early eczema followed by
aeroallergen sensitization as pre-requisites to influence asthma presentations at all ages.
Similar to a previous analysis conducted by Ziyab et al, our analysis detected a limit of
effect of FLG-LOF mutations upon aeroallergen sensitization up to 10 years of age. (32)
This corresponded to a decrease in eczema prevalence in late childhood and adolescence in
our cohort, suggesting that resolution of eczema and maturation of the skin barrier with age
allow for reduced sensitization in the later years.

Several other findings were derived from FLG-asthma path analyses. First, although eczema
at 1 and 2 years was associated with a reduced direct effect on asthma at 10 years, the total
effect of AL G-LOF mutation on asthma at this age remained high, which was through
eczema at 1 and 2 years and allergen sensitization at 4 years. This means that eczema at 1
and 2 years does have an overall increased risk of asthma at age 10 but this is mediated by
allergen sensitization at 4 years, where the barrier defect plus skin inflammation promote
allergen entry as well as stimulates atopic responses. The German Multicentre Asthma Study
reported similar findings where children with eczema in early life only developed asthma if
they were atopic. In non-atopic children, there was no increase in asthma risk. (34) It is
unlikely asthma at age 10 is significantly contributed by early life viral infection induced
wheezing, as most viral wheezes would have improved by that age. (35) It is possible that a
longer period of eczema up to 4 years is required to alter the immunologic development of
asthma for this to have a direct effect on asthma. Second, there was a progressively stronger
total effect of FLG-LOF on persistent asthma at 10 and 18 years. We postulate that distinct
asthma phenotypes stratified by age could account for this observation. For instance, in this
cohort, 40% asthma was non-atopic at age 10, which may not have been predicted by
eczema at age 1 and 2, as early life eczema is largely an atopic phenotype. (36) In a late/
persistent asthma phenotype, the direct effect of aeroallergen sensitization at 4 years and the
most significant indirect paths having to pass through aeroallergen sensitization at this age
highlight the importance of combined interactions between early eczema and aeroallergen
sensitization. An abnormal increase in skin permeability and inflammation facilitate
epicutaneous sensitization. (5, 19) This may promote a prolonged Th2 type inflammatory
response that accounts for the later presentation of asthma. The documentation of ongoing
systemic eosinophilic inflammation in adolescent asthma was observed in a previous report
in this cohort. (37) Our study supports this observation whereby aeroallergen sensitization at
4 years leads to asthma at 10 years which in turn strongly predicts asthma persistence into
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adolescence via a significant direct effect. In contrast, the pathogenesis of early childhood
asthma appears to be heterogenous. On the background of the highest prevalence of eczema
occurring at age 2 years in our cohort, the presence of a direct effect of eczema at 1 and 2
years increased the probability of an early asthma phenotype at 4 years. These findings are
consistent with results from the Copenhagen Prospective Study on Asthma in Childhood,
where early onset of asthma was followed by later development of sensitization. (38) This
suggests that factors other than aeroallergen sensitization could contribute to early asthma.
One possible contribution could arise from Staphylococcus aureus skin infections in FLG-
LOF variants. FLG breakdown products urocanic acid (UCA) and pyrrolidone carboxylic
acid (PCA) are able to attenuate S. aureus survival by lowering the pH of the stratum
corneum (39). A deficiency of these products is associated with increased S. aureus skin
colonization in FLG-LOF variants. (40) Moreover, interactions between Staphylococcal
enterotoxins, toll-like receptors and specific IgE have been reported to upregulate bronchial
inflammation. (41, 42) Whether S. aureus can directly affect asthma outcomes in these
individuals requires further analysis of the mechanistic pathways.

Asthma and allergic rhinitis are thought to share similar pathogenetic mechanisms as
described in the “one airway one disease” concept, due to similarities in their respective
mucosae. (43) The discordance in the increasing prevalence of these two conditions in some
epidemiologic studies, as well as a difference in response to certain therapeutics, however,
point to inherent differences in these disorders. (44-46) Our study found a direct effect of
FLG-LOF mutation on rhinitis at 10 years, whereas no direct effects of FLG mutations on
asthma were found. This is similar to the findings by Weidinger et al, in which an
association between FLG mutations and allergic rhinitis was observed independent of
eczema. (47) In the same study, nasal biopsies were performed on healthy controls which
noted strong FL G expression in the stratified epithelium of the nasal vestibule lining. A
deficiency of FLG in the nasal region and resultant local inflammation in FLG variants could
thus predispose to rhinitis without requiring eczema. Furthermore, late aeroallergen
sensitization at 10 years had direct effects on persistent rhinitis at 10 and 18 years whereas
this was not observed for asthma. Nonetheless, we found that eczema in FLG variants
remained an important intermediate in exerting indirect effects on rhinitis pathogenesis. The
combined presence of epicutaneous sensitization and local nasal allergic sensitization could
explain why rhinitis prevalence in our cohort increased by almost 7-fold from 4 to 18 years
old.

A strength of our study was the availability of a continuous time-frame of data for
longitudinal analysis. (17, 48, 49) Information for FL G genotype status was available for a
high proportion (79.0%) of study participants, and baseline characteristics between the
sampled population and the whole cohort were similar. (50) As the IOW cohort consisted of
consecutive births, selection bias was minimized. The participation rate remained high
throughout the study (84 - 94.3%), thus minimizing loss-to-follow-up bias. The asthma
definition from the ISAAC study was first published in 1993, and this was adopted for our
study participants from age 10 years onwards. (51) At age 4 years, it is recognized that not
all wheezing equates to asthma. Nonetheless, we found that asthma diagnoses determined by
our physicians at this age were accurate, and a previous report on the IOW cohort showed
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that applying the ISAAC definition retrospectively to this age group did not alter the
prevalence of asthma diagnosis. (52)

There were several study limitations. Firstly, data on aeroallergen sensitization at 1 and 2
years was limited to symptomatic children, thereby potentially introducing selection bias.
However, previous IOW studies did not find significantly higher rates of sensitization when
comparing this age group with subjects at 4 years. (21, 32) Secondly, path analysis poses
some limitations. It describes associations but does not establish cause-and-effect
relationships between variables. Paths with feedback loops (an example being mutual
continued interactions between eczema and aeroallergen sensitization) cannot be assessed in
this analysis, although both factors were included in the model for their effects on asthma at
later ages. It is recognized that rhinitis itself can be an independent risk factor for asthma
development and control. (53) In our analysis, we evaluated separate path models for asthma
and rhinitis with the intention of evaluating them as overall outcome variables, thus we were
unable to study the interaction between these airway diseases. Links between these two
conditions could be further explored in another path study model.

While the observations in our study should be validated with other birth or longitudinal birth
cohorts, our study has several clinical implications. With insights gained into the effects of
FLG-LOF mutations, it is important to determine airway disease severity in adolescence and
progression into adulthood in affected individuals. Translational studies have largely focused
on characterizing the skin barrier defect and local inflammatory cytokines in the context of
eczema. Our findings highlight how these mechanisms affect asthma and rhinitis
presentations to different extents. To understand susceptibility to each condition, further
studies are required to understand the pathways in which cytokines, local allergens and
possibly the microbiome correlate with airway inflammation. Third, therapeutic strategies
targeted at ameliorating eczema and preventing skin infections in FL G variant carriers are
being studied. (54) It is possible that such strategies may also be able to influence allergic
airway disease outcomes. However, this requires long term follow-up.

In conclusion, distinct time-ordered paths are involved in asthma and rhinitis development.
Early eczema is an important risk factor in FLG variants for asthma manifestation up to 18
years old. The pathogenetic mechanisms for rhinitis are different since eczema and local
nasal FLG defects (direct effect) can contribute to disease. This study has increased our
understanding of associations between FLG mutations and airway disease, and can provide a
platform for future studies of allergic disease pathogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Prevalence of allergic disease and aeroallergen sensitization outcomes in the IOW cohort and FL G-genotyped
subpopulation

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Total IOW cohort  FLG-genotyped subpopulation  p value
n/N (%) n/N (%)
Gender
Male 786/1536 (51.2) 569/1150 (49.5) 0.38
Female 750/1536 (48.8) 581/1150 (50.5) 0.38
Eczema
1 year 182/1364 (13.3) 145/1065 (13.6) 0.85
2 years 259/1227 (21.1) 209/978 (21.2) 0.88
4 years 147/1214 (12.1) 121/1008 (12.0) 0.94
10 years 186/1358 (13.7) 164/1117 (14.6) 0.48
18 years 161/1307 (12.3) 132/1086 (14.2) 0.90
Asthma
4 years 182/1214 (15.0) 151/1006 (15.0) 1.0
10 years 201/1368 (14.7) 136/1016 (13.4) 0.37
18 years 231/1305 (17.7)% 162/973 (16.6) 0.49
Rhinitis
4 years 66/1214 (5.4) 51/1007 (5.1) 0.75
10 years 205/1362 (15.1) 184/1121 (16.4) 0.38
18 years 468/1309 (35.8)" 405/1087 (37.3) 0.45
Positive Aeroallergen sensitization
1 or 2 years 79/563 (14.0) 71/473 (15.0) 0.65
4 years 170/980 (17.3) 119/725 (16.4) 0.62
10 years 276/1035 (26.7) 197/765 (25.8) 0.67
18 years 343/851 (40.3)3! 248/628 (39.5) 0.76

n: number of patients with specified characteristic or disease; N: total number of patients with available data for analysis at a specified time-point;

%: prevalence

#There was a significant increase in prevalence of asthma from 10 to 18 years (p = 0.005).

A
Rhinitis increased in prevalence from 4 to 18 years (p < 0.001).

¥ L .
Aeroallergen sensitization increased in prevalence from 4 to 18 years (p < 0.001).
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