Aus dem Institut fiir Sozialmedizin, Epidemiologie und
Gesundheitsokonomie
der Medizinischen Fakultat Charité — Universitatsmedizin Berlin

DISSERTATION

The prevalence sex-shift in single disease and
multimorbid asthma and rhinitis during puberty: an
individual participant data meta-analysis of European
birth cohorts

zur Erlangung des akademischen Grades

Doctor rerum medicinalium (Dr. rer. medic.)

vorgelegt der Medizinischen Fakultat
Charité — Universitatsmedizin Berlin

von

Theresa Keller
aus Leipzig

Datum der Promotion: 14.09.2018



Inhaltsverzeichnis

Abstract ENgLSCH ... 3
ADSETACt DEUESCI....eiiiiiii e 5
Eidesstattliche VersiChertung ..o 7
Ausfiihrliche Anteilserklarung an der erfolgten Publikation............coooooiiniinnn, 8
Auszug aus der Journal Summary List (IST Web of KnowledgeS™) .........cccooviiiiiinnnnn. 10
| T 1 0] 11 = 10§ E PP UPPPURRRPNt 11
LeDEnSIAUL . ...cooii e 24
VeroffentliChUNGEN ... 25
DaANKSAZUIIE ... eeeee e 28



Abstract Englisch'

Background. Cross-sectional studies suggested that allergy prevalence in childhood is higher in
boys compared to girls, but it remains unclear if this inequality changes after puberty. The aim
of the present study was to examine the sex-specific prevalence of asthma and rhinitis as single
and as multimorbid diseases before and after puberty-onset in data from ongoing European birth
cohorts.

Methods. Six European population-based birth cohort studies with a focus on asthma and
allergies of the EU-project MeDALL were included in the present analyses. The outcomes current
rhinitis, current asthma and current respiratory allergic multimorbidity (i.e. concurrent asthma
and rhinitis) were assessed at multiple time points from birth up to the age of twenty years using
harmonized, validated self/parent reported questionnaires as well as allergic sensitization by
specific antibodies (immunoglobulin E) against aero-allergens in serum. The puberty status was
assessed by a self-reported validated questionnaire at at least one time point in each cohort. With
generalized estimating equations the effects of sex, age, puberty, the interaction term sex-puberty
and possible confounders on the prevalence of asthma and rhinitis, and respiratory allergic
multimorbidity were analysed in each cohort separately followed by an individual participant
data meta-analysis.

Findings. Data from 19,013 participants were included in the analyses. The prevalence of current
asthma and current allergic rhinitis (each as single entity) was lower in girls than in boys before
as well as after puberty onset. For asthma an adjusted odds ratio (OR) for females vs. males of
0.71 (95%-confidence interval 0.63-0.81) was estimated before and of 0.81 (0.64-1.02) after
puberty onset, sex-puberty interaction p=0.327; for current allergic rhinitis the odds ratios
estimated were 0.79 (0.73-0.86) and 0.86 (0.79-0.94) respectively, sex-puberty interaction
p=0.089.

The prevalence of respiratory allergic multimorbidity showed the strongest sex difference before

puberty onset with a female-male-OR of 0.55, (0.46-0.64) but a sex-balanced prevalence after
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puberty onset with an OR of 0.89, (0.74-1.04), sex-puberty interaction: p<0.001.

Conclusions. The prevalence of asthma, allergic rhinitis and respiratory allergic multimorbidity
was higher in boys than girls before puberty onset. This male predominance in prevalence before
puberty as well as the ‘sex-shift’ towards a sex-balanced prevalence after puberty-onset was
strongest in multimorbid participants who had asthma and rhinitis concurrently as compared to

participants who had only asthma or allergic rhinitis.



Abstract Deutsch?

Einleitung. Die Priavalenz von Allergien ist im Kindesalter bei Jungen hoher als bei Madchen.
Es ist bisher unklar, ob sich dieser Unterschied auch nach der Pubertit zeigt. Das Ziel der
vorliegenden Arbeit war es, die geschlechtsspezifische Pravalenz von Asthma, allergischer Rhinitis
und gemeinsamem Auftreten beider Erkrankungen vor und nach dem Pubertétsbeginn in
laufenden Europaischen Kohortenstudien zu untersuchen.

Methoden. Sechs européische bevolkerungsbasierte Geburtskohortenstudien mit Beginn in den
1990er Jahren und einem Fokus auf Asthma und Allergien des EU-Projekts MeDALL konnten
in die vorliegende Arbeit eingeschlossen werden. Die Prévalenzen von aktuellem Asthma (in den
letzten 12 Monaten), aktueller allergischer Rhinitis (in den letzten 12 Monaten) und
respiratorischer allergischer Multimorbiditat (definiert als gleichzeitiges Auftreten von Asthma
und Rhinitis, d.h. in den letzten 12 Monaten) wurden zu mehreren Zeitpunkten von der Geburt
bis maximal zum Alter von 20 Jahren mit validierten Eltern- und spéter selbst berichteten
Fragebogen bestimmt. Allergische Sensibilisierung wurde durch spezifisches Immunglobulin E
gegen Aeroallergene im Serum bestimmt. Der Pubertédtsstatus wurde mit einem auf
Selbsteinschatzung basierten validierten standardisierten Instrument (Puberty Development
Scale) zu mindestens einem Zeitpunkt in jeder Kohortenstudie erfasst. Die Zusammenhénge von
Geschlecht, Alter, Pubertét, der Geschlecht-Pubertat-Interaktion und méglichen Confoundern
(Storvariablen) mit der Pravalenz von Asthma, Rhinitis und respiratorischer allergischer
Multimorbiditdt wurden mit Allgemeinen Schétzgleichungen (englisch: GEE) zunéachst in jeder
Kohorte getrennt analysiert und anschliefend die Kohortendaten mit einer Individual-
Participant-Data(IPD)-Metaanalyse zusammengefasst.

Ergebnisse. Insgesamt konnten Daten von 19.013 Teilnehmerinnen und Teilnehmern analysiert
werden. Die Prévalenz von Asthma und allergischer Rhinitis (jeweils als einzelne Krankheit) war
sowohl vor als auch nach Beginn der Pubertét bei Méadchen niedriger als bei Jungen. Fiir Asthma

ergab sich eine adjustierte Odds Ratio (weiblich vs. mannlich) von 0,71 (95% -Konfidenzintervall
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0,63-0,81) vor und 0,81 (0,64-1,02) nach Pubertétsbeginn (Geschlecht-Pubertat-Interaktion
p=0,327) sowie fiur die allergische Rhinitis von 0,79 (0,73-0,86) vor Pubertétsbeginn und 0,86
(0,79-0,94) danach (Geschlecht-Pubertat-Interaktion p=0,089). Die respiratorische allergische
Multimorbiditat zeigte den deutlichsten Geschlechtsunterschied der Pravalenz vor dem Eintritt
in die Pubertét (weiblich vs. ménnlich) mit einer Odds Ratio von 0,55 (0,46-0,64), aber dhnliche
Prévalenzen beider Geschlechter (0,89; 0,74-1,04) nach dem Pubertétsbeginn (Geschlecht-
Pubertét-Interaktion p<0,001).

Schlussfolgerungen. Die Pravalenz von Asthma, allergischer Rhinitis und respiratorischer
allergischer Multimorbiditdt war vor Pubertatsbeginn bei Jungen hoher als bei Médchen. Dieser
Geschlechtsunterschied sowie eine Verdnderung nach Pubertdtsbeginn hin zu einer
ausgeglichenen Préavalenz zwischen beiden Geschlechtern war bei Teilnehmerinnen und
Teilnehmern mit gleichzeitigem Asthma und allergischer Rhinitis deutlich stéarker als bei

denjenigen, die nur Asthma oder nur allergische Rhinitis hatten.



Eidesstattliche Versicherung

,lch Theresa Keller, versichere an Eides statt durch meine eigenhdndige Unterschrift,
dass ich die vorgelegte Dissertation mit dem Thema: , The prevalence sex-shift in single
disease and multimorbid asthma and rhinitis during puberty: an individual participant
meta-analysis of European birth cohorts® selbststandig und ohne nicht offengelegte Hilfe
Dritter verfasst und keine anderen als die angegebenen Quellen und Hilfsmittel genutzt
habe.

Alle Stellen, die wortlich oder dem Sinne nach auf Publikationen oder Vortragen anderer
Autoren beruhen, sind als solche in korrekter Zitierung (siehe ,, Uniform Requirements for
Manuscripts (URM)“ des ICMJE -www.icmje.org) kenntlich gemacht. Die Abschnitte zu
Methodik (insbesondere praktische Arbeiten, Laborbestimmungen, statistische
Aufarbeitung) und Resultaten (insbesondere Abbildungen, Graphiken und Tabellen)
entsprechen den URM (s.0.) und werden von mir verantwortet.

Mein Anteil an der ausgewahlten Publikation entspricht dem, der in der untenstehenden

gemeinsamen Erklarung mit dem Betreuer, angegeben ist.

Die Bedeutung dieser eidesstattlichen Versicherung und die strafrechtlichen Folgen einer
unwahren eidesstattlichen Versicherung (§156,161 des Strafgesetzbuches) sind mir

bekannt und bewusst.“

Datum Unterschrift



Ausfiihrliche Anteilserklarung an der erfolgten
Publikation

Publikation:

Keller T, Hohmann C, Standl M, Wijga AH, Gehring U, Melén E, Almqvist C, Lau S,
Eller E, Wahn U, Christiansen ES, v.Berg A, Heinrich J, Lehmann I, Maier D, Postma
DS, Ant6é JM, Bousquet J, Keil T and Roll S.

The sex-shift in single disease and multimorbid asthma and rhinitis during puberty- a
study by MeDALL.

Allergy 2017;DOI: 10.1111/all.13312. [Epub ahead of print]

Beitrag im Einzelnen:

Konzeption der Studie:

Die Promovendin koordinierte die Zusammenarbeit mit den verantwortlichen Mitarbeiterinnen
und Mitarbeitern der Medizininformatikfirma BIOMAX GmBH und den leitenden
Wissenschaftlerinnen und Wissenschaftlern der sechs européischen Geburtskohorten, deren Daten
fiir die vorliegende Arbeit ausgewertet wurden. Sie diskutierte mit ihnen sowie den Koautorinnen
und Koautoren die Definitionen der Outcome- und Expositionsvariablen sowie die geplante

Darstellung der Ergebnisse der Metaanalysen.

Literaturrecherche:
Die Promovendin hat eine umfassende Literaturrecherche zur Identifikation relevanter
Publikationen zur Vorbereitung der Metaanalysen eigenstiandig durchgefiihrt. Erginzende

Publikationen wurden ihr von den Koautorinnen und Koautoren genannt.

Methodik und Datenanalyse:

Die Promovendin koordinierte vor Beginn und wahrend der statistischen Analysen mit den
Koautorinnen und Koautoren die Diskussion tiber die Methoden zur Auswertung der priméren
und sekundéren Forschungsfragen sowie zu Sensitivitdtsanalysen. Fiir die Datenanalyse erstellte
die Promovendin federfiihrend einen statistischen Analyseplan, den sie mit der leitenden
Statistikerin des Instituts Frau Dr. Roll und ihrem Betreuer diskutierte und finalisierte. Fiir die
Datenanalyse harmonisierte die Promovendin eigenstéandig die Daten der sechs Kohortenstudien.
Die computergestiitzte statistische Datenanalyse implementierte die Promovendin eigensténdig
in dem Statistikprogramm ,SAS®“ und in der Programmiersprache 'R’ Des Weiteren fiithrte die

Promovendin uni- und multivariablen die Datenanalysen selbststandig durch.

Ergebnisdarstellung:
Die Darstellungen der Ergebnisse wurden von der Promovendin vorgeschlagen und mit ihrem

Betreuer und den Koautorinnen und Koautoren abgestimmt. Alle Tabellen sowie Graphiken in



der Publikation wurden von der Promovendin eigenstéindig erstellt. Des Weiteren hat die
Promovendin alle Ergebnisse interpretiert sowie mit ihrem Betreuer und den Koautorinnen und

Koautoren diskutiert.

Diskussion und Schlussfolgerung;:
Die Ergebnisse, mogliche Limitationen des eigenen Vorgehens und der vorhandenen Datenquellen
wurden von der Promovendin kritisch tiberdacht, berticksichtigt und nach Diskussion mit dem

Betreuer und der supervidierenden Statistikerin in den wissenschaftlichen Kontext eingeordnet.

Erstellen des Manuskripts:

Ein erster vollstindiger Entwurf des Manuskripts wurde von der Promovendin komplett
eigenstindig verfasst. Sie sammelte Vorschlidge zur Verbesserung des Manuskriptes von ihrem
Betreuer und den Koautorinnen und Koautoren ein und setzte alle sinnvollen
Verbesserungsvorschldge selbststdndig um.

Sie war federfiihrend verantwortlich fiir die Kommunikation mit dem wissenschaftlichen Journal
und verfasste das Anschreiben zum Einreichen des Manuskriptes bei dem wissenschaftlichen

Journal eigenstandig nach Absprache mit ihrem Betreuer.

Uberarbeitung des Manuskripts im Rahmen des Peer-Review-Prozesses:

Die Promovendin erstellte eigenstéandig einen Entwurf der Antworten an die Reviewer,
beantwortete und arbeitete alle sinnvollen Vorschlage in das Manuskript ein und formulierte ein
Anschreiben zum Wiedereinreichen des Manuskriptes. Nach Diskussion mit ihrem Betreuer fiigte

sie dessen und auch die Anderungsvorschlige der Koautorinnen und Koautoren ein.

Unterschrift, Datum und Stempel des betreuenden Hochschullehrers

Unterschrift der Doktorandin




Auszug aus der Journal Summary List (ISI Web of

SM)

Knowledge

Journal Data Filtered By: Selected JCR Year: 2016 Selected Editions: SCIE,SSCI
Selected Categories: '"ALLERGY" Selected Category Scheme: WoS
Gesamtanzahl: 26 Journale

Journal Impact

Rank Full Journal Title Total Cites
Factor

Eigenfactor Score

JOURNAL OF
ALLERGY AND
CLINICAL

— > 2 ALLERGY 16,206 7.361 0.025110 |1
""" [ ~Journal of Allergy and | — | ="
Clinical Immunology-In
3 Practice 1,653 5.317 0.006200
CLINICAL AND
EXPERIMENTAL
4 ALLERGY 10,999 5.264 0.015440
CLINICAL REVIEWS IN
ALLERGY &

5 IMMUNOLOGY 2,403 5.263 0.005410
CONTACT
6 DERMATITIS 5,712 4.335 0.004290
PEDIATRIC ALLERGY
AND IMMUNOLOGY 3,787 3.775 0.006860
CURRENT ALLERGY
AND ASTHMA

8 REPORTS 2,071 3.735 0.005180
ANNALS OF ALLERGY
ASTHMA &

9 IMMUNOLOGY 6,970 3.728 0.008710
IMMUNOLOGY AND
ALLERGY CLINICS OF
10 NORTH AMERICA 1,463 3.610 0.002560
Current Opinion in
Allergy and Clinical
11 Immunology 2,861 3.463 0.006340
Clinical and
12 Translational Allergy 636 3.239 0.002340
ALLERGOLOGY
13 INTERNATIONAL 1,487 3.194 0.003270
JOURNAL OF
INVESTIGATIONAL
ALLERGOLOGY AND
CLINICAL

14 IMMUNOLOGY 2,073 3.094 0.002560
Allergy Asthma &
15| Immunology Research 1,094 2.957 0.003150
Allergy Asthma and
16 Clinical Immunology 850 2.869 0.002150
INTERNATIONAL
ARCHIVES OF
ALLERGY AND
17 IMMUNOLOGY 5,175 2.720 0.006610
ALLERGY AND
ASTHMA

18 PROCEEDINGS 1,937 2614 0.003150

~

Selected JCR Year: 2016; Selected Categories: 'ALLERGY"

10



Accepted: 12 September 2017

DOI: 10.1111/all.13312

ORIGINAL ARTICLE WILEY Allergy:

Epidemiology and Genetics

The sex-shift in single disease and multimorbid asthma and
rhinitis during puberty - a study by MeDALL

T. Keller'c> | C. Hohmann! | M. Standl® | A. H. Wijga® | U. Gehring® | E. Melén>® |
C. Almqvist>’@® | S. Lau® | E. Eller’® | U.Wahn® | E.S. Christiansen®1° |
A. von Berg!! | J. Heinrich®*? | I. Lehmann®®@® | D. Maier'® | D.S. Postma®® |

J. M. Ant61¢171819 | ) Bousquet!®?%2122 | T Keil® | S. Roll*

Institute of Social Medicine, Epidemiology and Health Economics, Charité — Universitatsmedizin Berlin, Berlin, Germany

2Institute of Epidemiology I, Helmholtz Zentrum Miinchen - German Research Center for Environmental Health, Neuherberg, Germany
3Center for Nutrition, Prevention, and Health Services, National Institute for Public Health and the Environment, Bilthoven, The Netherlands
“Division of Environmental Epidemiology, Institute for Risk Assessment Sciences, Utrecht University, Utrecht, The Netherlands

SDepartment of Medical Epidemiology and Biostatistics, Karolinska Institutet, Solna, Sweden

%Sachs' Children’s Hospital, Stockholm, Sweden

7Pediatric Allergy and Pulmonology Unit at Astrid Lindgren Children’s Hospital, Karolinska University Hospital, Stockholm, Sweden
8Department of Paediatric Pneumology & Immunology, Charité-Universitatsmedizin Berlin, Berlin, Germany

?Department of Dermatology and Allergy Center, Odense Research Center for Anaphylaxis (ORCA), Odense University Hospital, Odense, Denmark
1%Hans Christian Andersen Children Hospital, Odense, Denmark

Department of Pediatrics, Research Institute, Marien-Hospital Wesel, Wesel, Germany

2|nner City Clinic, Institute and Outpatient Clinic for Occupational, Social and Environmental Medicine, University Hospital of Munich (LMU), Munich,
Germany

13Department of Environmental Immunology/Core Facility Studies, Helmholtz Centre for Environmental Research — UFZ, Leipzig, Germany
14Bjomax Informatics AG, Munich, Germany

15Department of Pulmonology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands

16Centre for Research in Environmental Epidemiology (CREAL), ISGlobal, Barcelona, Spain

7Hospital del Mar Research Institute (IMIM), Barcelona, Spain

8Universitat Popmpeu Fabra (UPF), Barcelona, Spain

19CIBER Epidemiologia y Salud Publica (CIBERESP), Barcelona, Spain

20yniversity Hospital, Montpellier, France

2IMACVIA-LR, Contre les Maladies Chroniques pour un Vieillissement Actifen Languedoc Roussillon, European Innovation Partnership on Active and Healthy
Ageing Reference Site, and INSERM, VIMA: Ageing and Chronic Diseases, Epidemiological and Public Health Approaches, Paris, France

22yvsQ, UMR-S 1168, Université Versailles, St-Quentin-en-Yvelines, France

Correspondence
Theresa Keller, Institute of Social Medicine, Abstract
Epidemiology and Health Economics, Charité

Universitatsmedizin Berlin, Berlin,
Germany. in boys compared to girls, but it remains unclear whether this inequality changes after puberty.

Background: Cross-sectional studies suggested that allergy prevalence in childhood is higher

Email: theresa.keller@charite.de We examined the sex-specific prevalence of asthma and rhinitis as single and as multimorbid

diseases before and after puberty onset in longitudinal cohort data.

T. Keil and S. Roll contributed equally.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2017 The Authors. Allergy Published by John Wiley & Sons Ltd

Allergy. 2017;1-13. wileyonlinelibrary.com/journal/all l 1

11



2—LWl LEY—Allergy e~/

) KELLER ET AL

LA

Funding information

This work was supported by MeDALL, a
collaborative project conducted within the European
Union under the Health Cooperation Work
Programme of the 7th Framework Programme
[grant agreement No. 261357]. The PIAMA study is
supported by The Netherlands Organization for
Health Research and Development; The Netherlands
Organization for Scientific Research; The
Netherlands Asthma Fund (grant 4.1.14.001); The
Netherlands Ministry of Spatial Planning, Housing,
and the Environment; and The Netherlands Ministry
of Health, Welfare, and Sport. The BAMSE study
was supported by The Swedish Research Council,
The Swedish Heart and Lung Foundation, The
Swedish Research Council for Working Life and
Social Welfare, the Swedish Asthma and Allergy
Association Research Foundation, The Swedish
Research Council Formas, Stockholm County
Council (ALF), and the European Commission’s
Seventh Framework 29 Program MeDALL under
grant agreement No. 261357. The GINIplus study
was mainly supported for the first 3 years of the
Federal Ministry for Education, Science, Research
and Technology (interventional arm) and Helmholtz
Zentrum Munich (former GSF) (observational arm).
The 4-, 6-, 10- and 15-year follow-up examinations
of the GINIplus study were covered from the
respective budgets of the 5 study centres
(Helmholtz Zentrum Munich (former GSF), Research
Institute at Marien-Hospital Wesel, LMU Munich,
TU Munich and from 6 years onwards also from IUF
—Leibniz Research Institute for Environmental
Medicine at the University of Dusseldorf and a
grant from the Federal Ministry for Environment
(IUF Diisseldorf, FKZ 20462296). Further, the 15-
year follow-up examination of the GINIplus study
was supported by the Commission of the European
Communities, the 7th Framework Program: MeDALL
project, and by the companies Mead Johnson and
Nestlé. The LISAplus study was mainly supported by
grants from the Federal Ministry for Education,
Science, Research and Technology and in addition
from Helmholtz Zentrum Munich (former GSF),
Helmholtz Centre for Environmental Research—
UFZ, Leipzig, Research Institute at Marien-Hospital
Wesel, Pediatric Practice, Bad Honnef for the first
2 years. The 4-, 6-, 10- and 15-year follow-up
examinations of the LISAplus study were covered
from the respective budgets of the involved
partners (Helmholtz Zentrum Munich (former GSF),
Helmholtz Centre for Environmental Research—
UFZ, Leipzig, Research Institute at Marien-Hospital
Wesel, Pediatric Practice, Bad Honnef, IUF—Leibniz
Research Institute for Environmental Medicine at
the University of Diisseldorf and in addition by a
grant from the Federal Ministry for Environment
(IUF Diisseldorf, FKZ 20462296). Further, the 15-
year follow-up examination of the LISAplus study
was supported by the Commission of the European
Communities, the 7th Framework Program: MeDALL
project. DARC was funded by the Danish Allergy
Research Counsel and received additional support
from the Danish Ministry of Food, Agriculture and
Fisheries (FOESIOO-OUH-9), the University of
Southern Denmark, Odense University Hospital,
Region of Southern Denmark, Thermo Fisher
Scientific, Sweden, ALK-Abelld, Denmark, and The
John and Birthe Meyer Foundation. The MAS study
was funded by grants from the German Federal
Ministry of Education and Research (BMBF;
reference numbers 07015633, 07 ALE 27,
01EE9405/5, 01EE9406) and the German Research
Foundation (DFG; reference number KE 1462/2-1).

Edited by: Bodo Niggemann

Methods: In six European population-based birth cohorts of MeDALL, we assessed the out-
comes: current rhinitis, current asthma, current allergic multimorbidity (ie, concurrent asthma
and rhinitis), puberty status and allergic sensitization by specific serum antibodies (im-
munoglobulin E) against aero-allergens. With generalized estimating equations, we analysed the
effects of sex, age, puberty (yes/no) and possible confounders on the prevalence of asthma
and rhinitis, and allergic multimorbidity in each cohort separately and performed individual par-
ticipant data meta-analysis.

Findings: We included data from 19 013 participants from birth to age 14-20 years. Current
rhinitis only affected girls less often than boys before and after puberty onset: adjusted odds
ratio for females vs males 0.79 (95%-confidence interval 0.73-0.86) and 0.86 (0.79-0.94),
respectively (sex-puberty interaction P = .089). Similarly, for current asthma only, females were
less often affected than boys both before and after puberty onset: 0.71, 0.63-0.81 and 0.81,
0.64-1.02, respectively (sex-puberty interaction P = .327). The prevalence of allergic multimor-
bidity showed the strongest sex effect before puberty onset (female-male-OR 0.55, 0.46-0.64)
and a considerable shift towards a sex-balanced prevalence after puberty onset (0.89, 0.74-
1.04); sex-puberty interaction: P < .001.

Interpretation: The male predominance in prevalence before puberty and the “sex-shift”
towards females after puberty onset were strongest in multimorbid patients who had asthma

and rhinitis concurrently.

KEYWORDS
allergic multimorbidity, asthma, birth cohort, puberty, rhinitis
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1 | INTRODUCTION
The prevalence of two of the most common chronic diseases glob-
ally, asthma and rhinitis, remains at a high level or is still increasing
in some parts of the world.2® At around puberty, considerable sex-
specific differences in the prevalence of allergic diseases have been
identified.*® For asthma, the prevalence is higher in boys than in
girls before puberty, but after puberty, there is a female predomi-
nance persisting in adulthood.”°

In rhinitis, sex-specific prevalence differences before and after
puberty onset are less clear.'* A recent meta-analysis of cross-sec-
tional population-based studies suggested a ‘“sex-switch” around
puberty from male to female predominance in rhinitis preva-
lence.’? However, longitudinal sex-specific evaluations from early
childhood to adolescence regarding rhinitis as well as asthma
prevalence are lacking. Long-term birth cohort studies are essential
to understanding the life course and childhood predictors of aller-
gies including sex-specific differences.’® As the statistical power of
individual cohorts is often insufficient to allow stratified analy-
ses,'* the European Commission funded MeDALL (Mechanisms of
the Development of AlLergy; EU FP7-CP-IP; Project No: 261357,
2010-2015) with the aim to integrate 14 European birth cohorts
including 44 010 participants for combined and harmonized
analyses.*®

This large data set allowed examining a potential sex-shift in the
prevalence of less common but more severe allergic phenotypes
such as multimorbidity of asthma and rhinitis and their association
with and without allergen-specific immunoglobulin E (IgE) antibodies
with the sufficient statistical power.®

Asthma and rhinitis are both heterogeneous diseases with many
forms and phenotypes of different aetiologies; thus, we differenti-
ated between asthma only and rhinitis only as single entities and
multimorbidity.>¢

In the present analyses, we aimed to examine and compare a
possible “sex-shift” in prevalence of asthma, rhinitis and multimorbid-
ity (asthma and concurrent rhinitis) during puberty using the pooled
MeDALL cohort data.

2 | METHODS
2.1 | Study design, setting and included birth
cohorts

This study is based on the six older population-based birth
cohorts from the MeDALL project.>'” We chose the following
inclusion criteria: (i) at least one prospective assessment of asthma
and rhinitis before puberty (ie, from birth to 10 years of age) and
after possible puberty onset (11-18 years); (ii) at least one assess-
ment of allergic sensitization based on specific antibodies against
aero-allergens in serum; (iii) at least one prospective assessment
of the puberty status at 10 years or older. The included birth
cohorts were PIAMA (The Netherlands), BAMSE (Sweden), DARC
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(Denmark) and MAS, GINIplus and LISAplus (all Germany). All par-
ticipating birth cohorts had obtained ethical approval from their
local review boards. Recruitment, study design and data collection
for the birth cohort studies have been described in detail previ-
ously.18-22

Information on health outcomes and puberty status has been col-
lected at several time points. The number of time points and exact
ages of the participants at follow-up differed between cohorts.
When combining the cohorts, we had data for a total of 14 possible
follow-up time points (Table S1).

A panel of experts within the MeDALL consortium followed a
stringent process?® for data harmonization between the participating
cohorts. For each variable to be harmonized, a reference definition
was agreed and each cohort then evaluated how their own cohort
definition matched the reference definition as complete, partial or
impossible. All single evaluations were then reviewed in a joint work-
shop to create the final harmonized data set.

2.2 | Outcome variables

221 | Primary outcomes

We defined three primary outcome measures: current asthma only,

current rhinitis only and current allergic multimorbidity.

Current asthma only
“Current asthma only” was defined as a positive answer to at least
two of the three following questions:

® “Has your child ever been diagnosed by a doctor as having
asthma?”

® “Has your child (/Have you) taken any medication for asthma (in-
cluding inhalers, nebulizers, tablets or liquid medicines) or breath-
ing difficulties (chest tightness, shortness of breath) in the last
12 months?”

.

“Has your child (/Have you) had wheezing or whistling in your
chest at any time in the last 12 months?"24

and a negative “current rhinitis” status. If two of these three ques-
tions were answered with “no” at the respective follow-up, asthma
status was negative.

Current rhinitis only

The occurrence of “current rhinitis only” at the respective follow-
up assessment was defined by a positive (parent or self-reported)
answer to the question “Has your child had/Did you have prob-
lems with sneezing, or a runny, or blocked nose when s/he/you
did not have a cold or flu in the past 12 months?” (yes/no) based
on the International Study of Asthma and Allergy in Childhood
(ISAAC)** and a negative current asthma status. A negative
answer to the question above defined a negative current rhinitis
status.
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Current allergic multimorbidity

A positive “current allergic multimorbidity” status was defined as
concurrent asthma and rhinitis. If either rhinitis or asthma was nega-
tive, allergic multimorbidity status was defined as negative.

2.2.2 | Secondary outcomes

To investigate possible effects of puberty status on allergic sensitiza-
tion, we included the following six secondary outcomes:

“IgE-associated current rhinitis”
“Non-IgE associated current rhinitis”
“IgE-associated current asthma”

“Non-IgE associated current asthma”

“IgE-associated current allergic multimorbidity (asthma and rhini-
tis)”

“Non-IgE associated current allergic multimorbidity (asthma and
rhinitis)".

A positive allergic sensitization status was defined as specific
immunoglobulin E (IgE) > 0.35 kU/L in serum against at least one
common aero-allergen (dog, cat, house dust mite or birch pollen, as
they were assessed in all included cohorts) at the same follow-up at
which the clinical phenotypes were assessed or, if serum samples
were missing, at the preceding follow-up. A negative allergic sensiti-
zation status was defined as s-IgE < 0.35 kU/L against all four com-
mon aero-allergens.

As a sensitivity analysis, we defined the six secondary outcomes
including sensitization status based on IgE against food and aero-
allergens, defined as s-IgE > 0 .35 kU/L against at least one common
food (cow’s milk, hen's egg, peanut) or aero-allergen. A negative
allergic sensitization status was defined as s-IgE < 0.35 kU/L against
all of the seven allergens.

2.3 | Definition of main exposure variable puberty

Puberty categories were defined using the Puberty Development
Scales (PDS).2>2?% For boys, the following items were included: (i)
body hair growth, (i) voice change and (iii) facial hair growth. For
girls, the Puberty Category Scores (PCS) was based on (i) body hair
growth, (i) breast development and (iii) menstruation.

For each item (except menstruation) four response categories
indicate the extent of puberty from “not yet started” up to
“seems complete”. These were coded with values of 1 to 4 and
summed up for each participant. According to these sum scores
(and the stage of menstruation in girls) PCS was defined as Pre-
pubertal, Early Pubertal, Midpubertal, Late Pubertal, Postpubertal.
For the final binary analysis variable ‘puberty’ Midpubertal, Late
Pubertal, and Postpubertal were considered as a positive puberty
status.

Additionally, to gain more insight into possible effects of the
age at puberty-onset in relation to the sex-shift of allergic diseases
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during puberty, we conducted a sensitivity analysis including the
information of the time point of puberty-onset by using the age
period 10-12 years for early and 13-16 years for late puberty-
onset.

2.4 | Definition of possible confounders

Based on results from previous studies, we considered the following
variables in the analyses as possible confounders: age (categorical
(for all cohort-specific models except for MAS) or continuous (for
models in the MAS cohort and in pooled data set)—depending on
number of available follow-ups per cohort), history of parental
allergies (yes = at least one parent with asthma and/or rhinitis
diagnosis/no = two nonallergic parents) and maternal smoking during
pregnancy (yes/no).2”28

2.5 | Statistical methods

For categorical variables, absolute and relative frequencies are pre-
sented. Results of all descriptive analyses are presented separately
by cohort and pooled for all cohorts and sex. We pooled relative fre-
quencies using random-effect meta-analyses.

We used generalized estimating equations (GEE) to estimate
adjusted odds ratios (OR) and 95% confidence interval (Cl) for the
associations of the primary and secondary outcome variables with
sex and puberty (and the interaction thereof) adjusting for the possi-
ble confounders described above, and age as the longitudinal time
variable. The focus was on the interaction of puberty and sex as an
indicator of sex-specific changes in outcome prevalence before vs
after puberty onset. With GEE models, outcomes and exposure of
the participants are analysed over time, taking the longitudinal
design and thus the repeated measurements of one individual, which
are not independent of each other, into account.

Initially, we pooled the harmonized cohort data sets to perform a
one-stage Individual Participant Data (IPD) meta-analysis.?’ We used
the GEE model described above on the combined data set of all
cohorts with a birth cohort identifier variable included as an addi-
tional covariable in the model with participants nested in cohorts to
account for the clustering in each cohort.

Additionally, as a comparative sensitivity analysis, we conducted
a two-stage IPD meta-analysis, which consisted of the estimation of
the adjusted odds ratios with the GEE model described above for
each cohort separately as first stage and a subsequent random-effect
meta-analyses with the inverse-variance method combining as sec-
ond stage the adjusted effect estimates from all cohorts. Hetero-
geneity across the studies was assessed using the chi-squared Q-
statistic and 12.3°

All our analyses are of explorative nature and we did not adjust
for multiple testing. Missing values were not imputed. Thus, the
number of included participants varied for more complex analyses
including several variables and different number of missings per
variable. We performed the meta-analyses in R version 3.1.2
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(R Foundation for Statistical Computing) and all other analyses with
SAS version 9.4 (SAS Institute, Cary, NC, USA).

3 | RESULTS

3.1 | Description of cohorts

We included six birth cohorts with a total of 19 013
recruited participants: PIAMA (the Netherlands, 1996, n = 3963),
BAMSE (Sweden, 1994, n = 4089), DARC (Denmark, 1998, n = 562)
and three German birth cohorts (GINIplus, 1995, n = 5991; LISAplus,
1997, n = 3094; and MAS, 1990, n = 1314). We used data from
birth to age 14-20 years (depending on the cohort). The number of
observations used varied over follow-up time points due to dropouts
and nonresponse. For analyses concerning the three GEE models for
the primary outcomes, all necessary information (at least at one time
point) was available for 14 533 participants.

3.2 | Puberty and exposure variables

In total, approximately 50% of the participants were female. Pub-
erty started earlier in girls than in boys (eg, 62% vs 3% at age 11
in PIAMA, the Netherlands) with boys catching up in later teenage
years (across the cohorts, except DARC), about 90%-99% of the
participants had reached puberty according to our definition at
the last included follow-up. Exposures such as self-reported paren-
tal allergies (ever) and maternal smoking differed slightly between
the cohorts,
(Table 1).

but not considerably between boys and girls

3.3 | Prevalence of primary outcomes

3.3.1 | Current rhinitis only

Prevalence of current rhinitis only (ie, without coexisting asthma)
varied between the cohorts. Among boys, it was generally higher
than girls in earlier childhood, but this difference became smaller
with increasing age (Figure 1; Table S1).

3.3.2 | Current asthma only

Prevalence of current asthma only differed slightly between the
cohorts, with the highest prevalence in BAMSE across the follow-
ups. At a younger age, more boys than girls had asthma but in
teenage years these differences were smaller or even disappeared
such as in GINIplus and BAMSE (Figure 2; Table S2).

3.3.3 | Allergic multimorbidity

Current allergic multimorbidity prevalence was higher among boys
than girls especially in earlier childhood. These differences decreased
as the participants grew older to smaller or even no differences
between males and females (Figure 3; Table S3).
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3.4 | Primary outcomes in relation to puberty

3.4.1 | Current rhinitis only

For current rhinitis only, the male predominance before puberty
remained but was less pronounced after the onset of puberty. There
was some degree of heterogeneity among the cohorts after puberty
onset (12 = 39.6%) but not before puberty (Table 2). The pooled one-
stage IPD meta-analysis also indicated this trend towards a female-
male ratio decline (interaction sex*puberty onset P = .089) (Figure 4).

34.2 | Current asthma only

For current asthma only, we found a male predominance before pub-
erty that decreased slightly after puberty onset. There was no
heterogeneity among the cohorts (Table 2; Figure 4).

3.4.3 | Allergic multimorbidity

The strongest male predominance before puberty was found for
allergic multimorbidity (OR: 0.55, 95%-Cl 0.46-0.64). Furthermore,
this outcome showed a clear shift towards a sex-balanced preva-
lence after puberty onset (0.89, 0.74-1.07), sex-puberty onset inter-
(Figure 4).
heterogeneity among the cohorts (Table 2).

action term P < .001 There was no considerable

3.5 | Sensitivity analyses: two-stage IPD meta-
analyses

The additional two-stage IPD meta-analyses, which we performed as
a sensitivity analyses, showed similar effect estimates for all three
primary outcomes as the pooled one-stage IPD approach. The two-
stage approach also allowed us to calculate I? for the assessment of
potential heterogeneity between the cohorts. There was no consid-
erable statistical heterogeneity for the primary outcomes apart for
current rhinitis only with some moderate heterogeneity (Table 2).

3.6 | Sensitivity analyses: differentiating early and
late puberty onset

Differentiating between early (age 10-12 years) and late puberty
onset (age 13-16 years) did not change the effect estimates and the
corresponding P-values for the interaction “pubertytime*sex” consid-
erably compared to our primary analyses (Table S5).

3.7 | IgE- and non-IgE associated outcomes

3.7.1 | IgE- and non-IgE associated current rhinitis
only and current asthma only

Prevalence estimates of IgE-associated current rhinitis only and
asthma only were higher in male than in female participants before
and to a lesser extent after puberty onset.
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FIGURE 1 Sex-specific prevalence with
95% Cl of current rhinitis only (on a 1

logarithmic scale) in six European birth
cohorts by age

In contrast, both non-IgE associated rhinitis only and asthma only
showed sex-balanced prevalence estimates before puberty and a
slight female predominance in the prevalence after puberty onset,
corresponding sex-puberty interaction terms P = .074 and P = .141,
respectively (Table 2).

3.7.2 | IgE- and non-IgE associated allergic
multimorbidity

For IgE-associated allergic multimorbidity, we found a sex-shift from
a strong male predominance before puberty towards a sex-balanced
prevalence after interaction term
P < .001).

showed also a sex-shift in the prevalence from a clear male predomi-

puberty onset (sex-puberty
Similarly, non-IgE associated allergic multimorbidity
nance before puberty towards a sex-balanced occurrence of this
phenotype after puberty onset (Table 2).

3.8 | Sensitivity analyses: allergic sensitization
including IgE against aero- and food allergens

Including IgE against the common aero- and food allergens showed
similar effect estimates for IgE- and non-IgE associated current

4567 8 91011121314151617181920

4567 891011121314151617181920

Age (years) female ® male

rhinitis only, current asthma only and allergic multimorbidity com-
pared to our primary definition of allergic sensitization status based
only on common aero-allergens (Table S6).

4 | DISCUSSION

4.1 | Key results

Our individual participant data meta-analyses of six large European
birth cohorts showed a strong male predominance before puberty
for the prevalence of current allergic multimorbidity and to a les-
ser extent for current rhinitis and current asthma as single enti-
ties. After puberty onset, the sex-specific odds ratio shifted
towards females in all phenotypes resulting in a rather sex-
balanced prevalence for asthma only and particularly for allergic
multimorbidity.

Considering allergic sensitization status, we found that for IgE-
associated rhinitis only and asthma only, the clear male predomi-
nance decreased slightly, but remained significant after puberty
onset, whereas for IgE-associated multimorbidity, we found a much
stronger shift towards females with rather sex-balanced prevalence
after puberty onset.
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The non-IgE associated (single and multimorbid) phenotypes
showed a slight female predominance after puberty onset, which
was strongest for non-IgE associated rhinitis.

4.2 | Strengths and limitations

Based on validated puberty assessments, this is the first longitudi-
nal evaluation of birth cohort data assessing the sex-shift in
prevalence at around puberty not only for rhinitis or asthma as
single entities, but also for allergic multimorbidity. We combined
prospectively collected data from six European birth cohorts from
early childhood through adolescence up to age 20. For the IPD
meta-analysis, we used pooled raw original data, which allowed us
to define outcome and exposure variables, confounding variables
and interactions consistently across the cohorts. Previous sex-shift
evaluations had almost exclusively cross-sectional designs and used
heterogeneous methods. This limited the comparability of sex-
ratios before and after puberty onset between these studies,
because the participants were not the same in the two groups (ie,
before and after puberty). Due to the longitudinal character of the
data in our study with homogeneous prospective assessments,

T

I
4567 8 91011121314151617181920

18

T T T T T

logarithmic scale) in six European birth

female ® male cohorts by age

comparability of sex-specific prevalence estimates before and after
puberty onset can be considered more robust. Our findings gained
external validity from the combination of several large cohorts
showing similar results in different European regions and recruit-
ment settings.

One limitation of (birth) cohort studies is that they are dynamic
and prone to missing values during the course of repeated follow-up
assessments as some participants, in particular teenagers, drop out
or participate irregularly. This may cause selection bias and poten-
tially limits the representativeness of the results.

Furthermore, at the time of the last follow-up included in our
present analyses, some participants (PIAMA, the Netherlands, and
DARC, Denmark) were just 14 years old and may not have reached
puberty. The proportion of girls not in puberty was 0.2% (PIAMA)
and 4.1% (DARC), which was comparable to the other cohorts with
older participants at last follow-up, and for boys approximately 35%
(DARC) and 15% (PIAMA). We cannot rule out a potential bias, espe-
cially if single cohorts will be analysed separately, but consider this
risk of bias negligible in our large meta-analyses, where the absolute
number of prepubertal participants at the last follow-up was compar-
atively small (eg, DARC represented <3% of all children recruited for
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TABLE 2 Adjusted odds ratios® with 95% confidence intervals (Cl) for sex effect (female vs male) before and after puberty for two-stage
meta-analysis incl. assessment of heterogeneity among the cohorts using I?

Two-stage IPD meta-analysis
Adjusted OR? (95%-Cl)

Heterogeneity I
Outcome Before puberty onset After puberty onset
Current rhinitis only 0.78 (0.72-0.84) I? = 0% 0.90 (0.80-1.02) I? = 39.6%
Current asthma only 0.71 (0.62-0.82) I* = 0% 0.82 (0.64-1.06) I* = 4%
Current allergic multimorbidity 0.54 (0.46-0.65) I> = 11% 0.85 (0.71-1.03) I = 0%
IgE-associated current rhinitis only (without asthma) 0.66 (0.52-0.84) I> = 54.9% 0.75 (0.66-0.86) I> = 22.1%
IgE-associated current asthma only (without rhinitis) 0.53° (0.40-0.70) I = 0% 0.62° (0.42-0.91) 1> = 2%
IgE-associated current allergic multimorbidity 0.52 (0.42-0.66) I> = 0% 0.84 (0.68-1.05) I> = 0%
Non-IgE associated current rhinitis only (without asthma) 0.94 (0.83-1.06) I*= 0% 1.17 (1.02-1.34) I* = 0%
Non-IgE associated current asthma only (without rhinitis) 0.84° (0.69-1.03) I? = 0% 1.17° (0.81-1.72) I = 0%
Non-IgE associated current allergic multimorbidity 0.73° (0.42-1.27) I* = 57.8% 0.97° (0.53-1.79) I* = 34.6%

?Adjusted for age, parental allergy and maternal smoking during pregnancy.
PDue to small prevalence in some cohorts not including all cohort estimators.

the 6 birth cohorts in total). We aimed to examine possible effects the assessment time points of the cohorts. We did not find a consid-
of the age at which puberty started by defining two main categories erable impact of the timing of puberty with this approach. To anal-
of early (age 10-12 years) and late onset (age 13-16 years) based on yse this aspect in more detail than in our sensitivity analysis was not
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Outcome Odds Ratio OR 95%-Cl Sex*puberty interaction
P-value
Current rhinitis only (N =14 533)
Before puberty = 0.79 [0.73; 0.86]
After puberty . 5 0.86 [0.79; 0.94] .089
Current asthma only (N =14 533)
Before puberty —— 0.71 [0.63; 0.81]
After puberty —il— 0.81 [0.64; 1.02] .327
Current allergic multimorbidity (N =14 533)
Before puberty —— 0.55 [0.46; 0.64]
After puberty — 0.89 [0.74; 1.07] <.001
IgE-associated current
rhinitis only (N =10575)
Before puberty —_— 0.69 [0.60; 0.80]
After puberty = 0.76 [0.67; 0.86] 279
IgE-associated current
asthma only (N =10 575)
Before puberty —— 0.56 [0.42; 0.74]
After puberty —il— 0.68 [0.48; 0.99] -329
IgE-associated current allergic
multimorbidity (N =10 575)
Before puberty —— 0.56 [0.44;0.71]
After puberty —— 0.91 [0.73; 1.13] <.001
Non-IgE associated current
rhinitis only (N =10 575)
Before puberty —. 0.99 [0.87; 1.12]
After puberty -l 1.13 [1.00; 1.29] .085
Non-IgE associatedcurrent
asthma only (N =10 575)
Before puberty e 0.81 [0.67; 0.97]
After puberty —i— 1.07 [0.75; 1.54] 141
Non-IgE associated current allergic
multimorbidity (N =10 575)
Before puberty — s 0.63 [0.47; 0.85] 020

After puberty

1.04 [0.71; 1.53]

[
0.5

|
1

1
2

Male Predominance Female Predominance

FIGURE 4 Odds Ratios from one-stage IPD meta-analysis of sex effect (female vs male) before and after puberty for all outcomes

possible because the cohorts differed in terms of the ages and fol-
low-up intervals at which pubertal stage was assessed.

4.3 | Comparison to other studies

Pinart et al found a sex-switch for current (allergic) rhinitis preva-
lence from male to female predominance in their recent meta-analy-
sis of published cross-sectional studies comparing childhood
populations with adolescent and adulthood populations including
mainly middle-aged participants. Participants of all birth cohorts
included in our IPD meta-analyses except one had not reached
adulthood yet. Therefore, we may have only found an indication
towards a sex-shift but not a complete “sex-switch” in the preva-
lence of rhinitis as Pinart et al.'s analyses suggested. However, our

findings point towards such an effect. Pinart et al.'s study differed

20

further from ours as their meta-analyses focused on cross-sectional
studies that mostly did not measure IgE sensitization, thus could not
distinguish between IgE-associated and non-IgE associated rhinitis
phenotypes.®"32 Furthermore, the differentiation between rhinitis as
a single or as part of a multimorbid phenotype was not made by
Pinart et al'? either.

In the Isle-of-Wight birth cohort study from the UK, which
started in 1989, prevalence of sensitized and nonsensitized rhinitis
in childhood and early adulthood showed a similar pattern to our
findings. Concerning the differences in sensitization status of rhinitis
patients, they showed a male predominance in rhinitis during early
childhood as well as at 18 years of age only in subjects with rhinitis
who were sensitized. For nonsensitized rhinitis, females in the UK
cohort had a significantly higher prevalence at age 18 years.>® Our
results showed sex-balanced prevalence both before and after
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puberty onset in teenage adolescents who were on average slightly
younger. The theory that allergic sensitization might play a crucial
role in the natural history of rhinitis can be reaffirmed considering
sex differences.3*

For asthma prevalence, several mostly cross-sectional evaluations
showed a sex-switch from childhood to adolescence towards a
female predominance.>” We could not confirm a complete preva-
lence sex-shift for asthma prevalence, but a rather sex-balanced
prevalence for asthma only after puberty. However, our statistical
power was decreased when examining asthma without coexisting
rhinitis and stratifying it by sensitized and nonsensitized subtypes.
Therefore, we were not able to determine more precisely sex-specific
prevalence differences in these strata. The TRAILS study from the
Netherlands found a sex-shift between 11 and 16 years, but no asso-
ciation with pubertal stages as an explanation for the shift was
found.3> Other than in our study, they investigated asthma regardless
of the presence of rhinitis which may explain the different findings.

Due to the common coexistence of asthma and rhinitis,>® we
aimed at evaluating sex-specific prevalence patterns in multimorbid
patients to reduce the knowledge gap for these more severely
affected patients. In particular, population-based research on sex-
specific prevalence differences among multimorbid patients is scarce.
The few earlier evaluations such as in the MAS®” and BAMSES®
cohorts showed an increasing prevalence of allergic multimorbidity
with age. BAMSE found a male predominance in the prevalence of
multimorbidity until the age of 12 that was confirmed by our analy-
ses of multiple European cohorts. Regardless of allergic sensitization
status, we found a stronger male predominance in the prevalence of
allergic multimorbidity before puberty onset than for the single enti-
ties. In puberty, this clear sex-specific prevalence predominance
decreased and shifted clearly towards a sex-balanced prevalence of
multimorbidity after puberty onset. Based on the difference between
prevalence in both individual morbidities and in multimorbidity, we
hypothesize that this is not an additive effect but that due to the
double burden different mechanisms may play a role.

44 | Potential mechanisms

Physiological changes during puberty such as endogenous®® or
exogenous sexual hormones (birth control pills)*® have been pro-
posed as potential determinants. Possible explanations include
anatomical differences,** differences in the immune response profile
such as increased IgE levels and enhanced cytokine responses in
boys compared to girls in early childhood,***? whereas in puberty
and adulthood, female sex steroids are in general associated with
enhanced immune responses and testosterone with dampening
inflammatory responses.*®

Sociocultural factors such as different symptom reporting beha-
viour between men and women*! have been suggested as mecha-
nisms behind the gender shift in allergic diseases. These are less of a
concern in childhood as symptoms were parent reported but may
play a role from school age on as teenagers fill out their own study

questionnaires.

21

Allergy s 2 WL Eyﬁ
CONCLUSIONS

5 |

In conclusion, we found the strongest male predominance before
puberty for the prevalence of current allergic multimorbidity and
also, but less pronounced, for current rhinitis and current asthma as
single entities. With increasing age, we saw a “sex-shift” towards
females resulting in a rather sex-balanced prevalence after puberty
onset. This effect was much stronger in multimorbid children who
had both current rhinitis and coexisting asthma than in those with
rhinitis or asthma alone. We observed a larger prevalence shift
towards females in nonsensitized than sensitized subjects.

Further cohort follow-up assessments are required to examine
the hypothesized prevalence sex-switch to a female predominance
regarding the different allergic phenotypes in adulthood.
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