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Abstract

Objective: To examine the associations between pet keeping in early childhood and asthma and allergies in children aged
6–10 years.

Design: Pooled analysis of individual participant data of 11 prospective European birth cohorts that recruited a total of over
22,000 children in the 1990s.

Exposure definition: Ownership of only cats, dogs, birds, rodents, or cats/dogs combined during the first 2 years of life.

Outcome definition: Current asthma (primary outcome), allergic asthma, allergic rhinitis and allergic sensitization during 6–
10 years of age.

Data synthesis: Three-step approach: (i) Common definition of outcome and exposure variables across cohorts; (ii)
calculation of adjusted effect estimates for each cohort; (iii) pooling of effect estimates by using random effects meta-
analysis models.

Results: We found no association between furry and feathered pet keeping early in life and asthma in school age. For
example, the odds ratio for asthma comparing cat ownership with ‘‘no pets’’ (10 studies, 11489 participants) was 1.00 (95%
confidence interval 0.78 to 1.28) (I2 = 9%; p = 0.36). The odds ratio for asthma comparing dog ownership with ‘‘no pets’’ (9
studies, 11433 participants) was 0.77 (0.58 to 1.03) (I2 = 0%, p = 0.89). Owning both cat(s) and dog(s) compared to ‘‘no pets’’
resulted in an odds ratio of 1.04 (0.59 to 1.84) (I2 = 33%, p = 0.18). Similarly, for allergic asthma and for allergic rhinitis we did
not find associations regarding any type of pet ownership early in life. However, we found some evidence for an association
between ownership of furry pets during the first 2 years of life and reduced likelihood of becoming sensitized to aero-
allergens.

Conclusions: Pet ownership in early life did not appear to either increase or reduce the risk of asthma or allergic rhinitis
symptoms in children aged 6–10. Advice from health care practitioners to avoid or to specifically acquire pets for primary
prevention of asthma or allergic rhinitis in children should not be given.
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Introduction

The causes of the worldwide asthma and allergy epidemic over

recent decades remain uncertain. Environmental and lifestyle

factors, possibly interacting with genetic variants, may play a role

however clear evidence for a predominant risk factor is lacking.

Pet exposure as a common indoor environmental exposure

particularly in families with young children has been of increasing

public health concern with regard to recommendations for

primary prevention of respiratory and allergic disease. Consider-

able controversy exists as to whether particularly cat and dog

exposure may be a risk or even a protective factor for developing

asthma, allergic symptoms or allergic sensitization [1–24]. The

conferred risks of pet exposure may be limited to individuals with

allergic parents [25–27].

Previous results have come predominantly from cross-sectional

studies and may therefore be skewed due to recall bias with

regards to pet keeping [7], and early symptoms [28]; in addition,

pet avoidance behaviour may distort the associations between pets

and allergic diseases [15,29,30]. The heterogeneity of results might

also be explained by differences in exposure classifications without

‘‘clean’’ categories of single pets and differences in the prevalence

of pets in the community [31]. Furthermore, the climate may

influence indoor versus outdoor pet keeping and its association

with allergic outcomes [3,32].

Primary care practitioners are uncertain about respiratory

health risks or benefits of furry pet ownership particularly in early

childhood and what advice to give to parents. The objective of this

study was to improve the evidence on the primary prevention of

asthma and allergies in relation to pet keeping in early life, using

data from a large data base of European birth cohort studies. The

primary aim was to determine whether pet keeping in the first two

years of life was associated with asthma in school-aged children

(age 6 to 10 years). Secondarily, we aimed to assess whether pet-

keeping was associated with other allergic diseases (allergic or non-

allergic asthma, allergic sensitization or allergic rhinitis).

Methods

Design and included birth cohort studies
As part of the Global Allergy and Asthma European Network

(GA2LEN, www.ga2len.net) all population-based European birth

cohort studies with a special focus on asthma and allergy were

identified, contacted and their methods described and compared

[33,34].

For the present combined data analyses, three inclusion criteria

were defined: (i) European population-based observational birth

cohort studies focusing on allergy and asthma (with ethical

approval from local review boards); (ii) recruitment of subjects in

pregnancy, at birth or during the first year of life; (iii) at least 1

prospective assessment during 6–10 years of age (early school age);

(iv) data on pet ownership assessed prospectively during the first 2

years. To avoid recall bias about early childhood exposures, cross-

sectional studies of school-children were not considered. For each

included study the raw individual level participant data was

available for data analysis.

Ethics statement
This meta-analysis was conducted according to the principles

stated in the Declaration of Helsinki. All included birth cohort

studies were approved by their local Institutional Review Boards

and all participants’ parents provided written informed consent.

The Institutional Review Boards were for MAS: Ethical Review

Board Charité – Universitätsmedizin Berlin, Berlin (Germany);

BAMSE: Regional Ethical Review Board, Karolinska Institutet,

Stockholm (Sweden); ECA: The regional committee for medical

and health profession research ethics, South-East, (Norway);

PIAMA-NHS: Ethical Review Boards Utrecht CCMO

P04.0071C, Rotterdam MEC 2004-152, Groningen M 4.019912

(The Netherlands); LISA: Ethics committees of the Bavarian

General Medical Council, the University of Leipzig, and the

Medical Council of North-Rhine-Westphalia (Germany); GINI-B:

Ethics committees of the Bavarian General Medical Council, the

University of Leipzig, and the Medical Council of North-Rhine-

Westphalia (Germany); ARC: The Regional Scientific Ethical

Committee for Southern Denmark (Denmark); AMICS-Barce-

lona: Clinical Research Ethical Committee of the Parc de Salut

Mar, IMIM, Barcelona (Spain); AMICS-Menorca: Comite etic

d’investigacio clinica de les Illes Balears (Spain); Leicester:

Leicestershire, Northamptonshire and Rutland Research Ethics

Committees 1 and 2 (UK); Isle of Wight: lsle of Wight, Portsmouth

& SE Hants HA Local Research Ethics Committee (UK).

Definition of primary outcome
Since current ‘‘wheeze’’ is not very specific for asthma [35], we

chose the primary outcome to be ‘‘current asthma’’ for the last

available follow-up during 6–10 years defined as satisfying at least

2 out of 3 parent-reported conditions (from self-report question-

naires or interviews): (i) doctor-diagnosed asthma ever; (ii) asthma

symptoms/wheezing (last 12 months) according to the Interna-

tional Study of Asthma and Allergy in Childhood (ISAAC) core

questions [36]; (iii) using asthma medication (last 12 months) [35].

For two studies (DARC, ECA) the study physician’s asthma

diagnosis was used.

Definition of secondary outcomes
‘‘Allergic asthma’’ was defined as the presence of the primary

outcome ‘‘asthma’’ and a positive serum specific immunoglobulin

E (s-IgE).0.35 kU/l to (i) any aero- and/or food allergen. Further
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definitions of allergic asthma were specified as asthma with a

positive s-IgE to: (ii) any aero-allergen (in- or outdoor); (iii) cat

allergen; (iv) dog allergen. ‘‘Non-allergic asthma’’ was defined as

the presence of ‘‘asthma’’ without sensitization to any tested aero-/

food allergen (s-IgE#0.35 kU/l). The reference groups were non-

asthmatic children without allergic sensitization.

‘‘Allergic sensitization’’ regardless of symptoms was defined as a

positive s-IgE test .0.35 kU/l for the following categories: cat,

dog, any indoor, any outdoor, any aero-, and any aero-/food

allergen.

‘‘Allergic rhinitis’’ included parent-reported symptoms during

the last 12 months (ISAAC core questions: sneezing, runny or

blocked nose without a cold or flu) plus s-IgE.0.35 kU/l against

at least 1 aero-allergen.

Definition of household pet keeping
Based on parent-completed questionnaires or interviews

between the children’s birth (or during pregnancy) and second

birthday, we defined 6 pet ownership categories: (i) cat(s) only; (ii)

dog(s) only; (iii) cat(s) and dog(s) only; (iv) rodent(s) only; (v) bird(s)

only; (vi) and no furry or feathered pets (‘‘no pets’’) as the reference

category. Six percent of families could not be classified into one of

the categories above because they had a combination of different

types of pets and were thus excluded from the analyses.

Information on pet contact outside the home or outdoor pet

keeping was not available in most cohorts. Other pets such as

reptiles or amphibians were not considered.

Our primary aim was to examine the effect of pet ownership at

any time between birth and the 2nd birthday. In addition, to

Figure 1. Current asthma. Meta-analyses of the adjusted odds ratios of asthma at 6–10 years of age and pet ownership in the first 2 years of life
for: A), cat only vs. no pets; B), dog only vs. no pets; C) cat and dog only vs. no pets; D) bird only vs. no pets; E) rodents only vs. no pets.
doi:10.1371/journal.pone.0043214.g001

Table 2. Prevalence of current asthma, allergic asthma (sensitized to $1 aero-allergen), allergic rhinitis (sensitized to $1 aero-
allergen) and allergic sensitization ($1 aero-allergen .0.35 kU/L) at last follow-up assessment between 6 to 10 years in 11
European birth cohorts.

Birth cohort,
country (sorted
from north to south)

Age of children
at follow-up
(years) Follow-up rate Asthma Allergic asthma Allergic rhinitis Allergic sensitisation

% % % %

(n/N) (n/N) (n/N) (n/N)

ECA 10 84% 11.9 7.6 13.9 33.2

Norway (120/1010) (73/963) (135/972) (325/979)

BAMSE 8–9 84% 9.3 5.2 8.0 26.0

Sweden (308/3330) (165/3187) (255/3202) (637/2451)

DARC 6 81% 7.7 4.31 4.11 35.91

Denmark (35/457) (19/441) (18/441) (168/468)

Leicester 1998 6 57% 18.7 n.a. n.a. n.a.

UK (66/353)

Isle of Wight 10 94% 16.3 8.8 11.9 33.0

UK (223/1370) (110/1257) (142/1196) (314/952)

PIAMA-NHS 8 83% 7.1 2.7 5.5 29.7

The Netherlands (194/2720) (70/2596) (131/2374) (383/1289)

MAS 10 58% 11.2 9.1 20.0 48.1

Germany (68/606) (54/592) (147/735) (343/713)

LISA 6 71% 3.0 1.2 5.5 26.7

Germany (66/2185) (25/2144) (109/1988) (318/1193)

GINI-B 6 59% 2.9 1.3 4.5 27.2

Germany (64/2179) (28/2143) (90/2020) (257/945)

AMICS-Barcelona 6 64% 12.5 3.91 5.81 18.91

Spain (39/312) (11/284) (15/259) (54/286)

AMICS-Menorca 6 94% 7.9 3.01 0.51 12.31

Spain (36/458) (13/435) (2/438) (43/349)

Total 8.1 4.0 7.7 29.5

(1219/14980) (568/14042) (1044/13625) (2842/9625)

n.a. = not assessed.
1in DARC, AMICS-Barcelona and AMICS-Menorca, sensitization data were only available for the age of 4 years.
doi:10.1371/journal.pone.0043214.t002
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evaluate whether the timing of pet ownership is relevant, we

examined different exposure periods: at time of birth; between

birth and 1st birthday, and between 1st and 2nd birthdays.

Definition of possible confounding factors
Eleven variables, if available, collected by parental question-

naires or interviews, were considered as possible confounders in

the adjusted analyses of the individual birth cohorts: 1. family

history (parents and siblings) of asthma and/or allergic rhinitis (yes

versus no); 2. family history of pet allergy (yes versus no); 3.

maternal smoking during pregnancy (yes versus no); 4. postnatal

maternal smoking from after birth to last follow-up between 6 to

10 years of age (‘regular smoker’ and ‘irregular smoker’ versus

‘never smoke’ as reference category); 5. educational level of

parents at birth of child (by tertile according to school years as

proxy for socio-economic status); 6. one or more older siblings (yes

versus no); 7. home/apartment with convenient ground access

(ground or 1st floor versus 2nd floor or higher); 8. crowding at

home (number of persons per square meter or room; in quintiles,

with the lowest quintile as reference category); 9. gender (boys

versus girls); 10. breast feeding duration (in months); 11. doctor’s

diagnosed eczema any time between birth and 2 years (yes versus

no).

Statistical analyses
For each cohort, a multivariable logistic regression analysis was

used to calculate the adjusted odds ratio (OR) and 95% confidence

intervals (CI) to estimate the effect of pet exposure in the first 2

years on the primary (current asthma) and secondary outcomes at

age 6 to 10 years. Adjustment was performed for 7 potential

confounders that were available for all studies (these were factors

1, 4–6, and 9–11 as listed above) and in addition, for all factors

available for the respective cohort. Furthermore, we performed

sensitivity analyses using (i) only the 7 potential confounders

available for all studies, and (ii) using a propensity score approach

for adjustment [37,38]. For the latter, all available covariates as

listed above (except gender of the child) were used for each study

separately to estimate scores indicating the propensity of pet

ownership for each participant using logistic regression analysis;

subsequently these propensity scores plus gender were used as

adjustment variables for modelling pet ownership and outcomes.

For the primary outcome, we additionally analyzed possible two-

way interactions (effect modification) between pet exposure and (i)

parental allergy status, (ii) smoking in pregnancy and (iii) postnatal

maternal smoking.

The combining of results from all cohorts was done by random-

effect meta-analyses with the inverse-variance method, based on

the assumption that the associations in the different cohorts are not

identical, estimating the average of the associations [39,40]. As

further sensitivity analyses for the primary outcome, we calculated

fixed-effect meta-analyses, where it is assumed that the association

is the same across all cohorts [39].

In subgroup analyses, we assessed the associations for the

following groups: (i) parents with and (ii) without asthma or allergic

rhinitis ever; (iii) parents with and (iv) without pet allergies ever; (v)

parents with asthma and/or allergic rhinitis, but without pet

allergies; and (vi) parents without any allergies. Furthermore, we

analyzed studies with high and those with low prevalence of pet

ownership separately, and compared cohorts from major climatic

regions in Europe (Nordic, Maritime, Central, and South).

In all analyses, a level of 0.05 was considered as statistically

significant, without adjustment for multiple testing. Heterogeneity

among the studies was tested using chi-squared Q-statistic and I2.

We performed meta-analyses with Review Manager version 5.0

(German Cochrane Centre, Freiburg, Germany) and all other

analyses with SAS version 9.1 (SAS Institute, Cary, NC, USA).

Results

11 European studies, including the largest and oldest birth

cohorts that were specifically designed to examine asthma and

allergies, expressed interest and were included in the combined

analyses. The recruitment of newborns and their families took

place from 1989 (Isle of Wight, UK) to 1998 (DARC, Denmark

and Leicester, UK) (Table 1). During age 6 to 10 years most

cohorts achieved a follow-up rate of over 75%, this being the

highest in the Isle of Wight and the three Scandinavian cohorts

(Table 1).

Pet ownership
Pet ownership ranged from around 60% (Isle of Wight, UK) to

around 20% (BAMSE, Stockholm, Sweden), only cat ownership

from 28% (Dutch PIAMA-NHS) to 4% (Menorca, Spain), and

only dog ownership from 18% (the 2 islands Menorca and Isle of

Wight) to 4% (BAMSE) (Table 1). Keeping both cat(s) and dog(s)

but no other pets was particularly common on the Isle of Wight

(UK), keeping birds only in the 2 Spanish cohorts, and keeping

rodents only in Leicester, UK, and the Dutch PIAMA-NHS

cohort, respectively. Data to define the pet ownership categories

was available for 40% (Menorca, Spain) to 93% (Leicester, UK).

Primary endpoint
The prevalence of current asthma at 6–10 years ranged from

2.9%–18.7% (Table 2). There were no significant associations

between any type of pet ownership during the first 2 years and

asthma during 6–10 years in the adjusted estimates of the main

meta-analyses or in any of the individual cohorts (Figure 1). The

meta-analysis odds ratio (OR) for asthma when owning a cat was

1.00 (95% confidence interval 0.78–1.28) and 0.77 (0.58–1.03)

when owning a dog. Owning both cat and dog resulted in an OR

for asthma of 1.04 (0.59–1.84). The OR of bird ownership was

1.03 (0.69–1.52), and 1.03 (0.64–1.66) for rodents. Heterogeneity

across the cohorts was not significant.

Main results were similar when analyzing shorter pet exposure

time periods (e.g. around birth or during first 12 months) or in

sensitivity analyses using a propensity score to control for potential

confounding. Also, meta-analyses in subgroups showed no

significant association of pet ownership and asthma among

parents with or among those without asthma/allergies, in cohorts

with only high or those with only low pet prevalence, or in

subgroups of cohorts from 4 major climatic regions in Europe.

No significant associations that would suggest effect modifica-

tion were found when we analyzed two-way interactions between

pet exposure and parental allergies, maternal prenatal smoking, or

postnatal maternal smoking. Results were similar for fixed

compared with random effect meta-analyses.

Figure 2. Allergic asthma. Meta-analyses of the adjusted odds of allergic asthma (sensitized to at least 1 aero-allergen; secondary endpoint) in
early school age and ownership of pets in the first 2 years of life for: A), cat only vs. no pets; B), dog only vs. no pets; C) cat and dog only vs. no pets; D)
bird only vs. no pets; E) rodents only vs. no pets.
doi:10.1371/journal.pone.0043214.g002
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Secondary endpoints
Allergic asthma. The overall prevalence of allergic asthma

(defined as current asthma and sensitization to $1 aero-allergen)

in early school age was 4.0%, ranging from 1.2% at six years to

9.1% at 10 years (Table 2). Pet ownership was not associated with

asthma in combination with sensitization to $1 aero-allergen

(Figure 2), to $1 indoor-, to $1 outdoor, or to $1 aero- or food

allergen in the meta-analyses of all cohorts (data not shown). Based

on results from only 3 cohorts with data available, owning a dog

was not associated with asthma in combination with sensitization

to dog (OR 1.14, 95% CI 0.57–2.28) or to cat. However, owning

cats increased the odds of having asthma combined with

sensitization to dog (OR 2.59, 95% CI 1.49–4.49) and to cat

(OR 1.91, 95% CI 1.16–3.12).

Non-allergic asthma. Asthma without sensitization to any

aero- or food allergen (‘‘non-allergic asthma’’) was not significantly

associated with cat (OR 0.99, 0.51–1.94), dog (OR 1.35, 0.71–

2.57), bird (OR 1.80, 0.80–4.04) or rodent ownership (OR 1.70,

0.53–5.44) in the meta-analyses of all cohorts. Results from the

only 2 cohorts with sufficient data regarding both cat and dog

ownership (BAMSE and PIAMA-NHS) showed that owning both

cat(s) and dog(s) increased the odds of non-allergic asthma (OR

3.66, 1.50–8.93).

Allergic sensitization and rhinitis. The prevalence of

sensitization to $1 aero-allergen ranged from 26%–33% during

6–10 years (Table 2). Having dogs or rodents during the first 2

years significantly reduced the odds of sensitization to $1 aero-

allergen (OR 0.65, 0.45–0.95 for dog; OR 0.67, 0.47–0.95 for

rodent; Figure 3). Cat ownership showed a similar trend (OR 0.87,

0.73–1.04). The prevalence of parent-reported rhinitis during 6–

10 years plus sensitization to$1 aero-allergen was 7.7% (Table 2).

Allergic rhinitis was not associated with any pet ownership

(Figure 4).

Insufficient data for the definition of the primary endpoint

ranged from 5% (AMICS-Menorca) to 54% (MAS) of the

participants; from 10% (AMICS-Menorca) to 55% (MAS) for

defining allergic asthma; 10% (AMICS-Menorca) to 48% (ECA)

for allergic rhinitis, and 17% (DARC) to 75% (GINI-B) for the

definition of allergic sensitization.

Discussion

Principal findings
Our meta-analyses showed that ownership of single types of

furry pets or birds in the first 2 years of life neither increased nor

decreased the risk of asthma, non-allergic asthma (not sensitized to

any aero- or food-allergen), allergic asthma or allergic rhinitis

(both included sensitization to at least 1 aero-allergen) in school-

aged children. However, living with furry pets in the first 2 years

appeared to reduce the likelihood of becoming sensitized to aero-

allergens in early school-age regardless of respiratory symptoms.

Comparison with other studies
An older meta-analysis, mainly with cross-sectional studies from

the 1990s, showed a slightly increased risk of asthma or wheezing

for children .6 years in relation to any pet exposure, but did not

analyze different types of pets [41]. A more recent meta-analysis of

9 cohort studies (including children of all ages) showed a protective

effect for asthma related to cat exposure [42]. Both previous meta-

analyses were based on published risk estimates with the

disadvantage that exposure, potential confounders and outcome

could not be harmonized across the included studies compared to

our analyses using individual raw data from 11 birth cohort studies

with long-term prospective assessments.

The reduced sensitization to aero-allergens related to furry pet

ownership is consistent with similar findings in several previous

studies, particularly for dogs [7,21,22,24,43]. We found that

rodent ownership showed this protective effect too, and that dog

ownership was associated with reduced risk of sensitization to

common food allergens (data not shown).

Strengths of present analyses
Our approach was different than a previous meta-analysis on

this topic because we were able to collect, harmonize, and

combine the individual participant data from 11 birth cohorts

instead of using published risk estimates based on heterogeneous

outcome and exposure definitions and age groups [42].

The large sample allowed the definition of mutually exclusive

pet exposure categories: ownership of ‘‘only cat(s)’’, ‘‘only dog(s)’’,

‘‘only rodent(s)’’, and ‘‘only bird(s)’’. This is another unique feature

of our collaborative study compared to previous studies, which did

not separate potential effects of ‘‘clean’’ pet exposure categories.

Furthermore, analyzing the time at birth, the first and the second

year of life separately, the results were very similar compared with

the whole period of the first 2 years. This suggests that our results

are robust, and do not point towards a narrow post natal period

with increased susceptibility to pet exposure in the home.

For the outcome definition, previous studies used single

variables such as parent-reported wheezing or doctor’s-diagnosed

asthma, which may have over- or underestimated the real

prevalence of asthma. To avoid a potential over-estimation of

asthma prevalence we used a more stringent definition for the

primary outcome asthma based on at least 2 out of the 3

conditions parent-reported wheezing, doctor’s-diagnosed asthma

and asthma medication [35]. Also, pet ownership was not assessed

in relationship to severity of asthma since our aim was to

investigate the possible role of pets in primary prevention of

asthma. Our definition of allergic rhinitis was not only based on

typical symptoms but also included detection of serum IgE.

A limitation of previous studies may have been the lack of

sufficient adjustment for potential confounding. The size of our

sample had enough statistical power to take into account potential

confounders including family, social and domestic factors in most

cohorts [31].

Although the birth cohorts come from different climatic

European regions, include children born in different years

(between 1989–1998), have urban and rural/island study settings,

different prevalences of allergies and patterns of pets, the statistical

tests for heterogeneity were rarely significant, which strengthens

the findings and generalizability of our analyses.

Possible limitations
Avoidance behavior in families with allergies could be an

explanation for the ‘‘protective effect’’ of pet keeping seen in some

previous studies (reverse causation) [7]; however reasons for

avoiding pets were not assessed in most birth cohorts. We

addressed the issue of avoidance behavior due to parental allergies

to some extent by running meta-analyses in several subgroups.

Figure 3. Allergic sensitization. Meta-analyses of the adjusted odds of allergic sensitization (sensitized to at least 1 aero-allergen) in early
school age and pet ownership in the first 2 years of life for: A), cat only vs. no pets; B), dog only vs. no pets; C) cat and dog only vs. no pets; D) bird
only vs. no pets; E) rodents only vs. no pets. (There were no IgE data available for Leicester 1998 cohort.)
doi:10.1371/journal.pone.0043214.g003
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The results were very similar among children from parents without
allergies (asthma, allergic rhinitis, pet allergy) compared to

children from parents with allergies. Furthermore, keeping certain

types of pets may be associated with different life-styles that we

were unable to account for in the present meta-analyses.

Another possible limitation of our analyses is that for some birth

cohorts the outcome was only available for 6 years of follow-up (at

this age asthma may not have been fully developed in some

subjects), whereas for others we could include the 8 and 10 year

follow-up data. Comparing the effect estimates of the individual

birth cohorts, we did not find that cohorts with a 6 year follow-up

differed from the older cohorts; instead we found rather

homogeneous results across the cohorts.

Some cohorts assessed more potential confounding variables

than others. However, when we repeated our analyses with only

those confounders that were assessed in all studies our results did

not change considerably. Since most cohorts did not ask for the

number of pets at home, we could not examine the possibility of a

dose-response relationship of pet keeping.

A risk of participation bias in each included study could be

present and it could be different for each study (e.g. due to regional

differences in disease awareness or in recruitment strategies).

However, while this might influence the observed prevalences for

allergic diseases, this should less influence any association between

pet ownership and allergic disease. On the other hand, each

cohort had different numbers of observations available to define

the primary and secondary outcomes, and some kind of selection

bias cannot be excluded.

Assessing total exposure to pet allergens in early life was outside

the aim and scope of the present study. Furthermore, total allergen

exposure, which is virtually impossible to measure, would not

influence the scientific evidence for giving advice on pet keeping or

not.

When interpreting the results, the reliance upon parents’

questionnaire data should be kept in mind. It should be noted,

however, that standardized ISAAC questions were used to assess

allergic symptoms and diseases. In addition, the quality of data

might not be equal across the included studies due to data

collection timing and methods.

We examined various secondary endpoints while performing

over a hundred additional explorative analyses of the whole

dataset and of subgroups. Some of these subgroups included only 2

or 3 birth cohorts if these were the only ones with sufficient

exposure and/or outcome data. Almost all analyses showed no

associations between exposure and secondary outcomes with a few

exceptions, e.g. a positive association between cat ownership and

asthma in combination with sensitization to dog or cat allergens,

however dog ownership was not associated with asthma in

combination with dog or cat allergens. Another positive associa-

tion was found between ownership of both cat(s) and dog(s) and

non-allergic asthma; however cat and dog ownership alone was

not associated with non-allergic asthma. Since we did not correct

for multiple testing, the statistically significant results in some of

the subgroup analyses should be interpreted cautiously and as

results of explorative analyses keeping in mind the possibility of

false positive findings.

Conclusions

This pooled analysis of individual participant data from 11

European birth cohorts found no association between ownership

of single types of furry and feathered pets in the first 2 years of life

and asthma or allergic rhinitis in school children aged 6–10. For

primary prevention of asthma and allergy, we found no evidence

for health care practitioners to give parents specific advice on

avoiding or acquiring pets in early childhood. To evaluate the

effect of pet keeping in early childhood on e.g. developing eczema,

further pooled birth cohort data analyses are needed rather than

single birth cohort analyses.
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reliability in reporting of childhood pets by adults interviewed twice, 9 years

apart. Results from the European Community Respiratory Health Survey I and
II. Indoor Air 18(2):84–92.

29. Brunekreef B, Groot B, Hoek G (1992) Pets, allergy and respiratory symptoms in
children. Int J Epidemiol 21(2):338–342.
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Background: Cross-sectional studies suggested that allergy prevalence in childhood is higher

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

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.
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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.

K E YWORD S

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.1-3 At around puberty, considerable sex-

specific differences in the prevalence of allergic diseases have been

identified.4-6 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.7-10

In rhinitis, sex-specific prevalence differences before and after

puberty onset are less clear.11 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.12 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.13 As the statistical power of

individual cohorts is often insufficient to allow stratified analy-

ses,14 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.15

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.15

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.15,16

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.15,17 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

(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 process23 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

2.2.1 | 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)24 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).25,26 For boys, the following items were included: (i)

body hair growth, (ii) voice change and (iii) facial hair growth. For

girls, the Puberty Category Scores (PCS) was based on (i) body hair

growth, (ii) 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

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).27,28

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 (CI) 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.29 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 I2.30

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, but not considerably between boys and girls

(Table 1).

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).

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 (I2 = 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).

3.4.2 | 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%-CI 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-

action term P < .001 (Figure 4). There was no considerable

heterogeneity among the cohorts (Table 2).

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 I2 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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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 puberty onset (sex-puberty interaction term

P < .001). Similarly, non-IgE associated allergic multimorbidity

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

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

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.

F IGURE 1 Sex-specific prevalence with
95% CI of current rhinitis only (on a
logarithmic scale) in six European birth
cohorts by age
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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,

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

F IGURE 2 Sex-specific prevalence with
95% CI of current asthma only (on a
logarithmic scale) in six European birth
cohorts by age
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the 6 birth cohorts in total). We aimed to examine possible effects

of the age at which puberty started by defining two main categories

of early (age 10-12 years) and late onset (age 13-16 years) based on

the assessment time points of the cohorts. We did not find a consid-

erable impact of the timing of puberty with this approach. To anal-

yse this aspect in more detail than in our sensitivity analysis was not

F IGURE 3 Sex-specific prevalence with
95% CI of current allergic multimorbidity
(on a logarithmic scale) in six European
birth cohorts by age

TABLE 2 Adjusted odds ratiosa with 95% confidence intervals (CI) for sex effect (female vs male) before and after puberty for two-stage
meta-analysis incl. assessment of heterogeneity among the cohorts using I2

Outcome

Two-stage IPD meta-analysis
Adjusted ORa (95%-CI)
Heterogeneity I2

Before puberty onset After puberty onset

Current rhinitis only 0.78 (0.72-0.84) I2 = 0% 0.90 (0.80-1.02) I2 = 39.6%

Current asthma only 0.71 (0.62-0.82) I2 = 0% 0.82 (0.64-1.06) I2 = 4%

Current allergic multimorbidity 0.54 (0.46-0.65) I2 = 11% 0.85 (0.71-1.03) I2 = 0%

IgE-associated current rhinitis only (without asthma) 0.66 (0.52-0.84) I2 = 54.9% 0.75 (0.66-0.86) I2 = 22.1%

IgE-associated current asthma only (without rhinitis) 0.53b (0.40-0.70) I2 = 0% 0.62b (0.42-0.91) I2 = 2%

IgE-associated current allergic multimorbidity 0.52 (0.42-0.66) I2 = 0% 0.84 (0.68-1.05) I2 = 0%

Non-IgE associated current rhinitis only (without asthma) 0.94 (0.83-1.06) I2= 0% 1.17 (1.02-1.34) I2 = 0%

Non-IgE associated current asthma only (without rhinitis) 0.84b (0.69-1.03) I2 = 0% 1.17b (0.81-1.72) I2 = 0%

Non-IgE associated current allergic multimorbidity 0.73b (0.42-1.27) I2 = 57.8% 0.97b (0.53-1.79) I2 = 34.6%

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

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.31,32 Furthermore, the differentiation between rhinitis as

a single or as part of a multimorbid phenotype was not made by

Pinart et al12 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.33 Our

results showed sex-balanced prevalence both before and after

0.5 1 2
Male Predominance Female Predominance

0.79
0.86

0.71
0.81

0.55
0.89

0.69
0.76

0.56
0.68

0.56
0.91

0.99
1.13

0.81
1.07

0.63
1.04

[0.73; 0.86]
[0.79; 0.94]

[0.63; 0.81]
[0.64; 1.02]

[0.46; 0.64]
[0.74; 1.07]

[0.60; 0.80]
[0.67; 0.86]

[0.42; 0.74]
[0.48; 0.99]

[0.44; 0.71]
[0.73; 1.13]

[0.87; 1.12]
[1.00; 1.29]

[0.67; 0.97]
[0.75; 1.54]

[0.47; 0.85]
[0.71; 1.53]

IgE-associated current
rhinitis only (N = 10 575)

Before puberty
After puberty 

Before puberty
After puberty 

IgE-associated current allergic 
multimorbidity (N = 10 575) 

Before puberty
After puberty 

Non–IgE associated current
rhinitis only (N = 10 575)

Non–IgE associatedcurrent 
asthma only (N = 10 575)

Non–IgE associated current allergic 
multimorbidity (N = 10 575)

Before puberty
After puberty 

Before puberty
After puberty 

Current rhinitis only (N = 14 533)

Before puberty
After puberty 

Current asthma only (N = 14 533)

Current allergic multimorbidity (N = 14 533) 

Before puberty
After puberty 

Outcome Odds Ratio OR  95%-CI Sex*puberty interaction
P-value 

.089

.327

<.001

.279

.329

<.001

.085

.141

.020

IgE-associated current 
asthma only (N = 10 575)

Before puberty
After puberty 

Before puberty
After puberty 

F IGURE 4 Odds Ratios from one-stage IPD meta-analysis of sex effect (female vs male) before and after puberty for all outcomes
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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.34

For asthma prevalence, several mostly cross-sectional evaluations

showed a sex-switch from childhood to adolescence towards a

female predominance.5,7 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.35 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,36 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 MAS37 and BAMSE38

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.

4.4 | Potential mechanisms

Physiological changes during puberty such as endogenous39 or

exogenous sexual hormones (birth control pills)40 have been pro-

posed as potential determinants. Possible explanations include

anatomical differences,41 differences in the immune response profile

such as increased IgE levels and enhanced cytokine responses in

boys compared to girls in early childhood,41,42 whereas in puberty

and adulthood, female sex steroids are in general associated with

enhanced immune responses and testosterone with dampening

inflammatory responses.43

Sociocultural factors such as different symptom reporting beha-

viour between men and women41 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.

5 | CONCLUSIONS

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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ABSTRACT
Introduction To understand the puberty-related sex shift 
in the prevalence of asthma and rhinitis as single entities 
and as respiratory multimorbidities, we investigated if 
there is also a sex-specific and puberty-related pattern of 
their incidences.
Methods We used harmonised questionnaire 
data from 18 451 participants in five prospective 
observational European birth cohorts within 
the collaborative MeDALL (Mechanisms of the 
Development of Allergy) project. Outcome definitions 
for IgE-associated and non-IgE-associated asthma, 
rhinitis and respiratory multimorbidity (first 
occurrence of coexisting asthma and rhinitis) were 
based on questionnaires and the presence of specific 
antibodies (IgE) against common allergens in serum. 
For each outcome, we used proportional hazard 
models with sex–puberty interaction terms and 
conducted a one-stage individual participant data 
meta-analysis.
Results Girls had a lower risk of incident asthma 
(adjusted HR 0.67, 95% CI 0.61 to 0.74), rhinitis 
(0.73, 0.69 to 0.78) and respiratory multimorbidity 
(0.58, 0.51 to 0.66) before puberty compared with 
boys. After puberty onset, these incidences became 
more balanced across the sexes (asthma 0.84, 
0.64 to 1.10; rhinitis 0.90, 0.80 to 1.02; respiratory 
multimorbidity 0.84, 0.63 to 1.13). The incidence sex 
shift was slightly more distinct for non-IgE-associated 
respiratory diseases (asthma 0.74, 0.63 to 0.87 before 
vs 1.23, 0.75 to 2.00 after puberty onset; rhinitis 
0.88, 0.79 to 0.98 vs 1.20, 0.98 to 1.47; respiratory 
multimorbidity 0.66, 0.49 to 0.88 vs 0.96, 0.54 to 
1.71) than for IgE-associated respiratory diseases.
Discussion We found an incidence ‘sex shift’ 
in chronic respiratory diseases from a male 
predominance before puberty to a more sex-balanced 
incidence after puberty onset, which may partly 

explain the previously reported sex shift in prevalence. 
These differences need to be considered in public 
health to enable effective diagnoses and timely 
treatment in adolescent girls.

INTRODUCTION

Meta-analyses of published results from 
cross-sectional studies suggested a sex shift 
in the prevalence of allergic rhinitis with and 
without concurrent asthma around puberty. 
The prevalence shifted from a clear male 
predominance in childhood towards a female 
predominance in adolescence.1 2 Similar asso-
ciations were found by individual participant 
data (IPD) meta-analyses combining harmo-
nised data from large European birth cohorts 
collaborating in MeDALL (Mechanisms of 
the Development of Allergy): boys were more 
likely than girls to have higher prevalence of 

Key messages

 We examined whether the sex-specific incidence of 
asthma, rhinitis and respiratory multimorbidity dif-
fered before and after puberty onset.

 A meta-analysis of longitudinal birth cohorts showed 
a sex shift from higher incidence in boys before pu-
berty towards a rather sex-balanced incidence after 
puberty onset.

 The elevated risk of asthma and rhinitis incidences 
in teenage girls should lead to more consideration of 
a sex-specific and age-specific focus on diagnosis 
and treatment of these respiratory diseases in public 
health.
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asthma, rhinitis and respiratory multimorbidity (defined 
as concurrent asthma and rhinitis) before puberty; after 
the onset of puberty, a sex shift towards a sex-balanced 
estimated prevalence was found.3

Reasons for the considerable sex shift in the prevalence 
of allergic diseases remain unclear. Asthma and rhinitis 
are chronic diseases that can develop throughout child-
hood but may not persist into school age or adolescence. 
Prevalence may be affected by remission and by different 
sex-specific incidence patterns. Therefore, we aimed to 
investigate whether the sex-specific incidence patterns of 
asthma and rhinitis as single entities as well as their co-oc-
currence change with the onset of puberty.

METHODS

Study design and setting

This study was carried out as part of the MeDALL project, 
a European research initiative for a better understanding 
of the development of asthma and allergy. Participating 
birth cohorts were longitudinal, observational and popu-
lation-based. For the present analyses, IPD from the five 
oldest birth cohorts participating in the MeDALL project 
(BAMSE: Swedish abbreviation for Children, Allergy, 
Milieu, Stockholm, Epidemiology, PIAMA: Prevention 
and Incidence of Asthma and Mite Allergy, GINIplus: 
German Infant Nutritional Intervention-Program, LISA: 
Lebensstil, Immunsystem, Allergien and MAS: Multizen-
trische Allergie Studie4) from three European countries 
(Sweden, the Netherlands and Germany) with follow-up 
assessments up to 20 years of age were used. Data from the 
five cohorts were combined by consistent harmonisation 
rules and processes,5 6 while data from the most recent 
follow-up were derived from a common harmonised 
MeDALL Core Questionnaire for four of the five birth 
cohorts.7 A detailed description of the overall MeDALL 
collaboration8 9 and the inclusion and exclusion criteria 
of the birth cohorts for the current analysis have been 
reported previously.3

Definition of primary outcomes

Incident asthma, rhinitis and respiratory multimorbidity 
were our primary outcomes. If five or more consecutive 
years of follow-up of the primary outcome data were 
missing, the data were censored at the last available 
follow-up.

Definition of asthma and rhinitis
Asthma was defined as a positive answer to at least two of 
the three following questions:

 ‘Has your child (/Have you) ever been diagnosed by 
a doctor as having asthma?’ (yes/no).

 ‘Has your child (/Have you) had wheezing or whis-
tling in your chest at any time in the last 12 months?’ 
(yes/no).

 ‘Has your child (/Have you) taken any medication 
for asthma (including inhalers, nebulisers, tablets 
or liquid medicines) or breathing difficulties (chest 

tightness, shortness of breath) in the last 12 months?’ 
(yes/no).

Rhinitis was defined according to the International 
Study of Asthma and Allergies in Childhood (ISAAC)10 
as a positive response to the following question:

 ‘Has your child (/Have you) had problems with 
sneezing, or a runny, or blocked nose when s/he did 
not have a cold or flu in the past 12 months?’ (yes/
no).

For each question the wording ‘Has your child’ stems 
from the parental questionnaire, and the wording ‘Have 
you’ stems from the adolescent questionnaire.

Definition of incident asthma and incident rhinitis
Incident asthma and rhinitis were rated ‘positive’ if there 
was:

 A positive first time ever assessment of the disease at 
the current follow-up.

Incident asthma and rhinitis were rated ‘negative’ if:
 The assessment of the disease was negative at the 

current follow-up and
 The assessment of the disease was not positive at any 

earlier follow-up.

Definition of incident respiratory multimorbidity
Incident respiratory multimorbidity was rated ‘positive’ 
if there was:

 A positive first time ever assessment of both rhinitis 
and asthma at the current follow-up.

Incident respiratory multimorbidity was rated ‘nega-
tive’ if:

 The assessment of rhinitis and/or asthma was nega-
tive at the current follow-up and

 The assessment of both asthma and rhinitis together 
was not positive at an earlier follow-up.

Definition of secondary outcomes

Allergic sensitisation assessed by specific IgE
All included birth cohorts had information on specific 
antibodies against common aeroallergens, that is, dog, 
cat, house dust mite and birch pollen, which were meas-
ured as specific IgE in the serum. A participant had a 
positive allergic sensitisation status if at least one of the 
four specific IgE measurements was ≥0.7 kU/L serum. 
Accordingly, a participant had a negative allergic sensiti-
sation status if all of the specific IgE measurements were 
<0.7 kU/L.

The following were the six secondary outcomes:
 IgE-related and non-IgE-related asthma (defined 

as a positive incident asthma/questionnaire data in 
combination with a positive or negative sensitisation 
status/IgE data, respectively).

 IgE-related and non-IgE-related rhinitis (defined 
as a positive incident rhinitis/questionnaire data in 
combination with a positive or negative sensitisation 
status/IgE data, respectively).
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 IgE-related and non-IgE-related respiratory multi-
morbidity (defined as a positive incident respiratory 
multimorbidity/questionnaire data in combination 
with a positive or negative sensitisation status/IgE 
data, respectively).

If five or more consecutive years of follow-up of the 
secondary outcome data were missing, the data were 
censored at the last available follow-up. For these six 
secondary outcomes, questionnaire incident data were 
combined with either IgE data assessed at the same 
follow-up or with IgE data from the most recent available 
follow-up, and analyses were thus restricted to those with 
non-missing questionnaire incident and IgE data. Please 
see online supplementary table 5 for a general over-
view of available questionnaire and IgE data at different 
follow-ups.

Definition of the time-dependent covariable puberty

Participant puberty status was self-assessed by the vali-
dated Pubertal Development Scale (PDS), which is widely 
used in population studies, or available data covering 
information from the PDS using the items ‘body hair 
growth’, ‘voice change’ and ‘facial hair growth’ for boys, 
and the items ‘body hair growth’, ‘breast development’ 
and ‘menstruation’ for girls.11 Based on these items the 
dichotomous variable ‘onset of puberty’ (yes/no) was 
calculated. Absence of any signs of puberty was rated as a 
negative onset of puberty status, while mid-pubertal, late 
pubertal or postpubertal category scores were all summa-
rised as a positive onset of puberty status. Further details 
of this definition are presented elsewhere.3

Definition of confounder variables

The model was adjusted for the following previously iden-
tified variables: age (continuous), parental allergies, that 
is, one or both parents with self-reported rhinitis and/
or asthma (yes/no), maternal smoking during pregnancy 
(yes/no), and cohort.

Statistical analyses

Data were analysed with SAS V.9.4 and R V.3.1.2 (R Foun-
dation for Statistical Computing). In all analyses the 
missing values were excluded list-wise. Baseline data and 
incidences of the primary and secondary outcomes were 
described as frequencies and percentages per age and 
sex for each cohort and in total.

We used one-stage IPD meta-analyses to combine the 
data from five European birth cohorts (BAMSE, PIAMA, 
GINIplus, LISA and MAS). Proportional hazard models 
including puberty as a time-dependent covariable with 
the average partial likelihood method for handling ties 
in the event times were used for analysing the data. 
Within each proportional hazard model for all primary 
and secondary outcomes, two adjusted HRs with 95% CIs 
were presented, one comparing boys versus girls before 
puberty onset, and one comparing them after puberty 

onset. P values were reported for the interaction term 
‘sex*puberty’, which reflects the sex-specific changes 
in outcome incidences before versus after puberty 
onset in the model. The present clinical questions and 
data analyses are post-hoc, and we consider the results 
to be hypothesis-generating rather than confirmatory. 
Therefore, all results, including p values, are consid-
ered exploratory and were not adjusted for any multiple 
testing. In defining the primary outcome, incidence was 
rated ‘missing’ if asthma and/or rhinitis were missing at 
the current follow-up. If the incidence was rated positive 
in an earlier follow-up, the participant was no longer at 
risk and was censored for the incidence calculation at the 
current follow-up.

Patient and public involvement

We did not include patients, only samples of healthy 
infants from the general population. Participants and 
the public were not involved in the development of the 
research question, outcome measures or study design. 
The individual birth cohort study teams inform their 
participants regularly about relevant new results of these 
long-term prospective studies, mainly via their study-spe-
cific websites.

RESULTS

Basic characteristics of the five included birth cohorts

Five birth cohorts collaborating in the MeDALL project 
with 18 451 recruited participants in total were included. 
Due to dropouts, the available IPD for analyses of primary 
and secondary outcomes varied at different follow-ups. At 
most follow-ups the rate of dropouts was equal between 
sexes, and only at some follow-ups we found more male 
than female dropouts (see online supplementary table 
1). The included follow-up assessment time points were 
from 4 to 20 years of age. About half of the participants 
were male, and positive parental history of allergy ranged 
from 43% to 56% in the different cohorts. Across the 
three cohorts with data at age 10 years, 1.9% of male and 
13.6% of female participants reported signs of puberty 
at the 10-year follow-up. These percentages increased to 
over 90% at the 15-year and 16-year follow-ups for both 
boys and girls, respectively (table 1).

Incidence and sex shift of asthma

The incidence of asthma was lower for girls than for 
boys at preschool and early school-age follow-ups. The 
percentages decreased for both sexes over time (see 
online supplementary table 2). Before puberty onset, 
girls were at a considerably lower risk than boys for devel-
oping incident asthma (HR 0.67, 95% CI 0.61 to 0.74). 
After puberty onset, the difference was less distinct (girls 
vs boys; HR 0.84, 95% CI 0.64 to 1.10). The interac-
tion term ‘sex*puberty’ described a p=0.122 (figure 1). 
These findings were similar for IgE-associated asthma, 
whereas for non-IgE-associated asthma we found a more 
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Figure 2 Adjusted HRs and 95% CIs for the risk of the 
incidence of IgE-associated and non-IgE-associated 
asthma, rhinitis and respiratory multimorbidity for boys 
versus girls before and after puberty onset. The presented 
results are based on analyses of n=10 320, n=10 331 and 
n=10 304 participants, respectively. aHR, adjusted HR.

Figure 1 Adjusted HRs and 95% CIs for the risk of the 
incidence of asthma, rhinitis and respiratory multimorbidity 
for boys versus girls before and after puberty onset. The 
presented results are based on analyses of n=14 245, n=14 
266 and n=14 233 participants, respectively. aHR, adjusted 
HR.

pronounced sex shift towards female predominance after 
puberty onset (HR 0.74, 95% CI 0.63 to 0.87 before vs 
1.23, 0.75 to 2.00 after puberty onset) (figure 2).

Incidence and sex shift of rhinitis

In follow-ups during preschool and early school age, 
rhinitis incidence was more frequently reported in boys 
than in girls. At the latest follow-up assessments, most 
cohorts had either similar or slightly higher rhinitis inci-
dences in girls compared with boys (see online supple-
mentary table 3).

Before puberty onset, girls were at a considerably lower 
risk than boys for incident rhinitis (HR 0.73, 95% CI 0.69 
to 0.78), whereas after puberty onset this lower risk was 

less distinct and almost sex-balanced (HR 0.90, 95% CI 
0.79 to 1.02): interaction term ‘sex*puberty’ p=0.005 
(figure 1). Incidences of IgE-associated and non-IgE-as-
sociated rhinitis differed considerably considering 
the effect of puberty onset: the male predominance 
remained almost identical before and after puberty onset 
for IgE-associated rhinitis, whereas for the incidence of 
non-IgE-associated rhinitis we found a sex switch from 
male to female predominance after puberty onset (HR 
0.88, 95% CI 0.79 to 0.98 before vs 1.20, 0.98 to 1.47 after 
puberty onset) (figure 2).

Incidence and sex shift of respiratory multimorbidity

Up to the age of 6 years, the incidence of respiratory 
multimorbidity was higher in boys than in girls in all 
cohorts. At the last follow-ups, most cohorts had an either 
similar or higher incidence of respiratory multimorbidity 
for girls compared with boys (see online supplementary 
table 4).

Before the onset of puberty, girls were at a consider-
ably lower risk than boys for incident respiratory multi-
morbidity (HR 0.58, 95% CI 0.51 to 0.66), and this effect 
was stronger than for asthma and rhinitis as single enti-
ties. After puberty onset, the risk for incident respiratory 
multimorbidity was sex-balanced (HR 0.84, 95% CI 0.63 
to 1.13; interaction term ‘sex*puberty’ p=0.02) (figure 1). 
Considering allergic sensitisation status, these findings 
were similar for the incidence of IgE-associated respi-
ratory multimorbidity and more pronounced towards a 
sex-balanced incidence for non-IgE-associated respira-
tory multimorbidity (HR 0.66, 95% CI 0.49 to 0.88 before 
vs 0.96, 0.54 to 1.71 after puberty onset) (figure 2).

DISCUSSION

Main findings

Our longitudinal birth cohort meta-analyses using 
harmonised IPD specifically examined the sex-specific 
incidence in relation to puberty onset for common 
chronic allergic and respiratory conditions. Our results 
showed a sex shift from a male predominance before 
puberty towards a sex-balanced incidence after puberty 
onset for asthma and rhinitis as single entities and as a 
respiratory multimorbidity. These findings explain some 
of the previously described sex shifts in asthma and 
allergy prevalence from childhood to adulthood. After 
stratifying for allergic sensitisation, the sex-specific effect 
seemed stronger for non-IgE-associated conditions.

Comparison with other studies

Similar to our findings, the Isle of Wight study found a 
male predominance for allergic rhinitis at 4 and 18 years. 
For non-allergic rhinitis the study reported no sex differ-
ence at 4 years but a female predominance at 18 years.12 
Observational population-based prevalence studies have 
been more common than incidence studies particularly 
for rhinitis and respiratory multimorbidity. A longitudinal 
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British birth cohort study found the annual incidence of 
asthma and wheezing up to 16 years of age was higher in 
boys than in girls: 0.85% vs 0.58% on average per year. 
This effect reversed during follow-up at 17–23 years, when 
the incidence was considerably lower in boys than in girls: 
0.56% vs 0.94%.13 This finding suggested a prevalence sex 
shift at a slightly older age than that of our study partici-
pants. Given the age of effect reversal, it remains unclear 
if it is puberty onset-related. Puberty status was not specif-
ically evaluated in this UK birth cohort. The participants 
in the UK cohort were born in 1958, and the pubertal age 
has been decreasing over the past decades. A more recent 
cohort study from Canada stated a higher asthma inci-
dence for girls than for boys aged 12–18 years: 13.2% vs 
6.6% per 1000 person-years.14 A large Dutch cohort study 
based on medical records from a health database found 
an asthma incidence of 6.7 per 1000 person-years for chil-
dren and adolescents aged 5–18 years. They confirmed 
a sex shift in asthma incidence at the age of 13, with a 
male predominance before and a female predominance 
thereafter.15 Another Dutch study found a sex shift with 
more girls than boys reporting asthma at the age of 16. 
However, an association with the assessed pubertal status 
could not be confirmed.16 Individuals were found to have 
an increased risk of asthma if they reported an early but 
not a normal or late puberty onset.17 A lack of informa-
tion about early, normal or late puberty onset, as well 
as not taking into account the differentiation between 
IgE-associated and non-IgE-associated asthma, could 
account for some of the differences in the reported study 
results. Two recent systematic reviews of cross-sectional 
studies reported a sex-related shift for rhinitis prevalence 
with and without respiratory comorbidity from a male 
predominance in childhood towards a female predomi-
nance among adolescents.1 2 Our study adds to previous 
knowledge by examining incidence data in rhinitis and 
respiratory multimorbidity, the effect of puberty status, 
and a differentiation of IgE versus non-IgE-association 
for all three health outcomes. We were able to show that 
in the examined cohorts, puberty onset played a consid-
erable role in a shift from male predominance towards 
a more sex-balanced incidence of asthma, rhinitis and 
respiratory multimorbidity while controlling for age.

The incidence of asthma, rhinitis and respiratory multi-
morbidity varied between the cohorts in our combined 
analyses. Potential explanations include differences 
in the recruitment procedures, climatic regions (from 
Scandinavia to Southern Germany) and/or degree of 
urbanisation of the study areas (from urban to mixed 
urban-rural). Differences in assessment methods among 
the included cohorts have been minimised as the specific 
questions have been previously harmonised (based on 
the ISAAC questions) and underwent a further harmoni-
sation process for the latest assessment in adolescence.7 10 
Therefore, we consider the outcome and puberty data 
across the included cohorts to be comparable.

In line with our results, an elevated risk of adult-onset 
non-IgE-associated asthma in women has been previously 

reported.18 Various reasons for the observed increased 
risk of asthma and rhinitis in women after puberty 
have been discussed. Contributing factors may include 
sex-specific and age-related anatomical differences of 
the lung.19 Considering puberty and the postpubertal 
stage, there is strong evidence that the sex hormones 
oestrogen and progesterone influence the development 
and outcome of asthma. However, the question of which 
hormones have protective effects or increase the risk of 
developing allergy and asthma is not fully understood.19 
Women generally show stronger immune responses than 
men, which makes them potentially more vulnerable to 
autoimmunity and allergy. A suppressive effect of andro-
gens on group 2 innate lymphoid cells is supposed have a 
protective effect for allergic asthma in men after puberty 
onset.20

Strengths and limitations

For this analysis, we aimed to focus on asthma, rhinitis 
and respiratory multimorbidity incidence data as these 
have relevant public health implications. An increased 
incidence in adolescence emphasises the need for a raised 
awareness for early diagnosis and treatment of formerly 
healthy female subjects. To date, incident asthma cases 
are less likely to be diagnosed in adolescence than in 
childhood. At 16 years, girls reported uncontrolled 
asthma more often but fewer doctors’ diagnoses and they 
were prescribed fewer medications than boys.21 As the 
prevalence of a disease is determined by its incidence and 
remission, prospectively collected longitudinal data to 
better understand the interplay of incidence and remis-
sion would be of interest in the future.

Among the strengths of the current study is the prospec-
tively collected longitudinal data from five different 
European population-based cohorts. Furthermore, we 
were able to include IPD from over 18 000 European 
birth cohort participants for the pooled analyses rather 
than performing ‘traditional’ meta-analyses combining 
already published effect estimates. Our approach aimed 
to minimise heterogeneity between the cohorts by 
harmonising the individual data a priori, where neces-
sary. The construction of a common database, thanks to 
a close trustful collaboration between the research teams, 
has led to a unique data source of European birth cohorts. 
The pooled data set has more statistical power than the 
individual cohort data sets and allows examination of less 
common (sub)phenotypes or exposures. This is the first 
longitudinal birth cohort evaluation of the incidence of 
asthma and rhinitis as single entities and as respiratory 
multimorbidities in relation to the puberty status of birth 
cohort participants.

Several limitations should be considered while inter-
preting the current study results. The five included Euro-
pean cohort studies are not representative of the general 
population of their countries. However, to a certain 
degree, they represent regional, mainly urban popula-
tions from where they were recruited.
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Four out of five cohorts provided the latest follow-up 
for age 14–16 years and only one cohort for 20 years of 
age. Many girls at age 14–16 years were already in puberty 
at earlier follow-ups. Almost all participants were cate-
gorised as being at least in puberty, and many partici-
pants, especially the girls, had completed puberty by the 
last available follow-up. However, this cannot be inter-
preted as a long-term postpubertal observation period. 
Therefore, possible long-term effects of puberty-related 
hormone exposure cannot be evaluated with our sample 
and have to be subject to future investigations of these 
cohorts.

Another possible limitation of longitudinal studies 
such as birth cohorts is the systematic and unsystematic 
dropouts, resulting in lower participation rates and a 
possible bias over the time course. However, as this may 
influence the magnitude of the incidence estimates, we 
have no clear indication of a systematic sex-related loss of 
participants (see online supplementary table 1).

Our definition of incidence could not always be 
restrained to 1 year, which would have been desirable. 
Among the cohorts, time intervals between the follow-up 
assessments differed. The longest interval was 5 years. 
Even if the participants were asked for the occurrence 
of symptoms within the past 12 months, it could not be 
excluded that the condition might have already devel-
oped at an earlier time point within the time frame 
without a follow-up. This has to be considered for the 
definition of the onset of puberty. However, the cohorts 
all started with 100% prepubertal children, and we were 
eventually able to detect the onset of puberty in 96% of 
all participants. Lacking the exact timing of the onset of 
puberty might be negligible as it may not influence our 
results considerably. The variables of age and puberty 
onset are highly related. We aimed to disentangle these 
two variables by controlling for age while puberty was the 
time-dependent covariable.

CONCLUSIONS

Our IPD meta-analyses showed an incidence ‘sex shift’ in 
chronic respiratory diseases from males to females after 
puberty onset, which may partly explain the previously 
and more commonly reported prevalence ‘sex shift’. The 
observed sex shift, especially for non-IgE-related inci-
dences of the diseases, suggests sex-specific and puber-
ty-specific underlying mechanisms. Our results stress the 
importance of raising alertness among clinicians for inci-
dent cases of respiratory diseases in adolescent girls for 
effective detection and timely treatment.
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Is there a sex-shift in prevalence 
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Abstract 

Background:  Allergic rhinitis and asthma as single entities affect more boys than girls in childhood but more 

females in adulthood. However, it is unclear if this prevalence sex-shift also occurs in allergic rhinitis and concurrent 

asthma. Thus, our aim was to compare sex-specific differences in the prevalence of coexisting allergic rhinitis and 

asthma in childhood, adolescence and adulthood.

Methods: Post-hoc analysis of systematic review with meta-analysis concerning sex-specific prevalence of allergic 

rhinitis. Using random-effects meta-analysis, we assessed male–female ratios for coexisting allergic rhinitis and asthma 

in children (0–10 years), adolescents (11–17) and adults (> 17). Electronic searches were performed using MEDLINE 

and EMBASE for the time period 2000–2014. We included population-based observational studies, reporting coexist-

ing allergic rhinitis and asthma as outcome stratified by sex. We excluded non-original or non-population-based stud-

ies, studies with only male or female participants or selective patient collectives.

Results: From a total of 6539 citations, 10 studies with a total of 93,483 participants met the inclusion criteria. The 

male–female ratios (95% CI) for coexisting allergic rhinitis and asthma were 1.65 (1.52; 1.78) in children (N = 6 stud-

ies), 0.61 (0.51; 0.72) in adolescents (N = 2) and 1.03 (0.79; 1.35) in adults (N = 2). Male–female ratios for allergic rhinitis 

only were 1.25 (1.19; 1.32, N = 5) in children, 0.80 (0.71; 0.89, N = 2) in adolescents and 0.98 (0.74; 1.30, N = 2) in 

adults, respectively.

Conclusions: The prevalence of coexisting allergic rhinitis and asthma shows a clear male predominance in child-

hood and seems to switch to a female predominance in adolescents. This switch was less pronounced for allergic 

rhinitis only.

Keywords: Allergic rhinitis, Asthma, Multimorbidity, Prevalence, Systematic review
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Background

Increasing prevalence in allergic diseases has been 

observed in many countries, especially in Western but 

also many developing countries [1]. Sex specific differ-

ences in prevalence of allergic rhinitis and asthma over 

the life span were recognized, showing a higher preva-

lence of allergic rhinitis and asthma as single entities 

in boys than in girls during childhood followed by an 

equal distribution in adolescence [2, 3]. In adulthood 

more women than men are affected by asthma [4, 5]. In 

a prospective cohort study, the prevalence of coexisting 

eczema, allergic rhinitis, and asthma in the same child 

was more common than expected by chance alone and 

was not only attributable to IgE sensitization, suggest-

ing that these diseases share causal mechanisms [6]. In a 

systematic review of studies across the globe we showed 

a sex-switch in prevalence of allergic rhinitis in popula-

tion-based studies [3]. Since research on multimorbid-

ity, i.e. the coexistence of 2 or more allergic diseases in 
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the same individual, is sparse, the aim of this systematic 

review with meta-analyses was to examine sex specific 

differences in the prevalence of coexisting allergic rhini-

tis and asthma, from childhood through adolescence into 

adulthood.

Methods

Data sources, search strategy, and selection criteria
We conducted a systematic literature search using the 

online databases MEDLINE and EMBASE. MeSH terms 

were used in conjunction with keywords searched in 

the title and abstract. We restricted our search to stud-

ies published between January 2000 and April 2014. 

There was no restriction to the language of publica-

tion. The protocol for our systematic review was devel-

oped with guidance from the Preferred Reporting Items 

for Systematic Review and Meta-Analysis (PRISMA) 

statement [7]. It can be accessed at PROSPERO (http://

www.crd.york.ac.uk/PROSPERO/, registration number 

CRD42016036105). To manage the identified publica-

tions, we used EndNote  X7® (Thomson Reuters) biblio-

graphic database.

Inclusion and exclusion criteria
The selection of studies was performed along with pre-set 

criteria for in- or exclusion. Since the present study is a 

post hoc analysis of a larger review considering the differ-

ence in prevalence for allergic rhinitis only [3], we chose 

broad inclusion criteria to reach most of the available 

information and to increase generalisability. The present 

analysis included studies of the previous comprehensive 

review that (1) recruited participants of both sexes from 

the general population, (2) reported the prevalence of 

coexisting allergic rhinitis and asthma, asthma only, and 

allergic rhinitis only stratified by sex and age if the popula-

tion under study included both children and adults, and (3) 

were designed as longitudinal or cross-sectional studies.

We excluded (1) non-original studies (e.g. reviews or 

guidelines), (2) studies that selected participants by spe-

cial occupation, (3) studies with only male or female 

participants, (4) studies analysing selective patient col-

lectives (e.g. from special allergy clinics), or (5) non-pop-

ulation-based study designs e.g. ecological studies, case 

reports, case series, case–control studies, experimental 

studies, intervention studies, and clinical studies.

We evaluated prevalence estimates of allergic rhini-

tis, asthma and coexisting allergic rhinitis and asthma 

regarding the following endpoints: allergic rhinitis only 

was defined as having symptoms of allergic rhinitis (i.e. 

runny nose without having a cold) without having symp-

toms of asthma. In analogy, asthma only was defined as 

having symptoms of asthma (i.e. wheezing or whistling 

in the chest) but no symptoms of allergic rhinitis. An 

individual who named both symptoms of allergic rhini-

tis and symptoms of asthma was included in the group of 

coexisting allergic rhinitis and asthma. If selected studies 

reported prevalence rates for having symptoms ever or 

current, we chose ‘current’, which was defined as report-

ing symptoms in the last 12 months.

Study selection, data extraction and quality assessment
A detailed protocol of the selection process for the ini-

tial review was published elsewhere [3]. In short a two-

step review process was performed with scanning titles 

of identified studies first independently by two review-

ers (MP and CH), followed by a second screening of all 

abstracts of articles rated as ‘include’ or ‘unclear’. A disa-

greement between the two reviewers was resolved by 

discussion to meet a consensus. If consensus was not 

reached, a third independent reviewer (TKei or MF) was 

asked to assess the relevance.

Prior to data extraction, two reviewers (MP and MF) 

independently reviewed full texts of all selected publica-

tions rated as ‘include’ or ‘unclear’. A pre-designed data 

extraction form was piloted with five studies selected 

from the pool of included studies. At least two review-

ers (TKel, CH, BC, TKei, AR, MP and MF) extracted data 

from the selected full texts independently with disagree-

ments through referral to a third reviewer (TKei).

For data extraction we used a self-designed (MP) SoSci-

Survey questionnaire (https://www.soscisurvey.de/) 

retrieving information on country, study design, descrip-

tion of the process of recruitment of participants, age of 

participants, sample size, residency, response rate, obser-

vation period, definition of disease and measurement, 

method of data collection, prevalence of allergic rhinitis 

only (i.e. subjects without asthma) and asthma only (i.e. 

subjects without allergic rhinitis) as well as coexisting 

allergic rhinitis and asthma stratified by sex. Prevalences 

for each study were calculated using the number of par-

ticipants with the respective disease as numerator and 

the total number of participants as denominator.

To evaluate the quality of identified literature and the 

heterogeneity between different studies we used an eval-

uation score based on previously published studies [8]. 

For this score every included article was reviewed on 

sampling method, response rate, sample size, and data 

collection method. A maximum of five points would 

account for ‘high quality’, three to four points would be 

‘moderate’ and zero to two would be ‘low quality’.

Quantitative data synthesis
Study populations were divided into age ranges of child-

hood (0–10 years of age), adolescence (11–17 years), or 

adulthood (18–79  years). For each study, we extracted 

the prevalence rates of coexisting allergic rhinitis and 
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asthma, as well as of allergic rhinitis only, and asthma 

only separately for male and female participants. We then 

calculated male–female ratios for each study, as well as 

pooled male–female-ratio estimates with 95% confidence 

intervals (95% CI) using random-effects meta-analyses 

with the inverse variance method (SR). Heterogeneity 

between the studies was measured by  I2. Statistical analy-

ses were done using Review Manager (RevMan), Ver-

sion 5.3. Copenhagen (The Nordic Cochrane Centre, The 

Cochrane Collaboration, 2014) and R (R Foundation for 

Statistical Computing, Vienna, Austria).

Results

Characteristics of included studies
1222 out of 6539 publications were selected by title screen-

ing. Of those, 247 studies were eligible for data extraction 

since they reported prevalence of allergic rhinitis strati-

fied by sex. Finally, 10 studies reporting the prevalence of 

asthma alone and allergic rhinitis with coexisting asthma 

were included into the systematic review (Fig. 1, Table 1) 

[8–16]. Six studies provided sex-specific prevalence of 

coexisting allergic rhinitis and asthma, allergic rhinitis 

only, and asthma only in children (0–10 years), two stud-

ies in adolescents (11–17 years), and two studies in adults 

(18–79 years). Studies with a broad age range were catego-

rised as closely as possible to the targeted age groups, using 

the mean age of the participants for one study [16]. The 

assessment of allergic symptoms was questionnaire-based, 

mainly using the International Study of Asthma and Aller-

gies in Childhood (ISAAC) [17] questionnaire for 8 studies 

in children and adolescents [8, 10–15, 18], or the European 

Community Respiratory Health Survey (ECRHS) [19] for 2 

studies in adults [9, 20]. See Additional file 1: Tables E1–E3 

for further description of study characteristics and Addi-

tional file 1: Table E5 for study results.

Male–female ratios of coexisting allergic rhinitis 
and asthma
We included 6 studies with a total of 34,365 males and 

31,611 females for children (0–10  years), 2 studies 

with 1803 males and 2152 females for adolescents (11–

17  years) and 2 studies with 11,573 males and 11,979 

females for adults (18–79  years). The pooled estimates 

for the male–female ratio (males vs. females) of the prev-

alence of coexisting allergic rhinitis and asthma were 1.65 

(95% CI 1.52–1.78) in children, 0.61 (0.51–0.72) in ado-

lescents, and 1.03 (0.79–1.35) in adults (Fig. 2). 

The studies reported a male predominance of coexist-

ing allergic rhinitis and asthma in children and a female 

predominance in adolescents. Desalu et al. [9] and Konno 

et al. [20] showed heterogeneous results for adulthood.

Male–female ratios of allergic rhinitis without asthma
We included 5 studies with 29,775 males and 27,071 

females for children (0–10  years), 2 studies with 1803 

males and 2152 females for adolescents (11–17 years) and 

2 studies that included 11,573 males and 11,979 females 

for adults (18–79  years). The pooled estimates for the 

male–female ratio of the prevalence of allergic rhinitis 

only were 1.25 (1.19–1.32) in children, 0.80 (0.71–0.89) in 

adolescents and 0.98 (0.74–1.30) in adults.

None of the studies reported a female predominance 

in the prevalence of allergic rhinitis only among children. 

In contrast both studies providing information on ado-

lescents showed a female predominance. Concerning the 

prevalence among adults the two analysed studies again 

showed heterogeneous results.

Male–female ratios of asthma without allergic rhinitis
We included 5 studies with 29,775 males and 27,071 

females for children (0–10  years), 2 studies with 1803 

males and 2152 females for adolescents (11–17  years). 

We found only one study providing information on 

asthma only in adults. The pooled estimates for the 

male–female-ratio of the prevalence of asthma only 

were 1.20 (0.99–1.45) in children and 1.03 (0.62–1.71) 

in adolescents. Konno et al. [20] reported in a study with 

11,132 males and 11,687 females a male–female ratio 

for the prevalence of asthma only of 1.61 (1.44–1.81) in 

adults (Fig. 3).

Four of five included studies for asthma only in children 

reported a male predominance, whereas Nahhas et  al. 

[15] showed a female predominance. Two studies ana-

lysed the prevalence of asthma only in adolescents and 

found heterogeneous results. De Brito et al. [8] reported 

a female predominance, whereas Luna et al. [14] showed 

a male predominance.

Heterogeneity and quality of studies
While no statistical heterogeneity was detected among 

the lower age groups, moderate heterogeneity existed 

among the studies in the adult group (I2
18–79  =  41%) 

for coexisting allergic rhinitis and asthma. In the 

meta-analysis for the prevalence of asthma only, con-

siderable heterogeneity was found (I2
0–10  =  75%; I2

11–

17 = 81%) resulting in an overall of  I2 = 85%. Little or 

no heterogeneity was seen in studies reporting results 

for allergic rhinitis only in children and adolescents 

(I2
0–10 = 27%; I2

11–17 = 0%) compared to studies includ-

ing adults (I2
18–79 = 73%). All studies were of moderate 

quality (4 points) except from Desalu et al., which was 

rated as high quality (5 points), see Additional file  1: 

Table E4.



Page 4 of 9Fröhlich et al. Clin Transl Allergy  (2017) 7:44 

Discussion

Main findings
We found a clear ‘sex-switch’ in the prevalence of 

coexisting allergic rhinitis and asthma from a male 

predominance in childhood to a female predominance 

in adolescence. Similar trends of these sex-specific 

prevalence patterns were observed in participants with 

asthma only and those with allergic rhinitis only. Two 
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Records identified
through PubMed

(n = 3458)

Records identified
through Embase

(n = 6494)

Records after duplicates removed
automatically by Endnote

(n = 6539)

Records selected by title
(n = 1222)

Records excluded
(n = 5317)

Full-text articles assessed for 
eligibility
(n = 900)

Full-text articles excluded (n= 653)
• Excluded (n = 425)
• Full text not available (n = 228)

Studies included for data 
extraction
(n = 247)

Studies included in quantitative 
synthesis (meta-analysis)

(n = 10)

Records excluded (n = 322)
• Pubmed (n = 176)
• Embase (n = 146)

Full-text articles excluded (n =25)
• Duplicates, removed manually 

(n= 25)

Full-text articles excluded (n =212)
• Patient population (n = 1)
• Participants selected by occupation (n = 2)
• Study design (n = 29)
• Prevalence not stratified by age (n = 17)
• Overlapping age categories (n = 25)
• Prevalence not stratified by sex (n = 30)
• Prevalence not reported (n = 70)
• Self- or parent-reported symptoms not

reported (n = 7)
• Current symptoms not reported (n = 26)
• Other (n = 5)

Fig. 1 PRISMA flow chart for literature search
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studies in adults showed similar prevalence rates in both 

sexes.

Comparison with other studies
In a global systematic review with meta-analysis we 

showed sex-related differences in rhinitis prevalence with 

a prevalence shift from a male predominance at around 

puberty to a female predominance thereafter [3]. Simi-

larly, a retrospective analysis of the ECRHS data from 

16 European countries showed a transition for asthma 

from a male predominance in childhood (0–10  years) 

followed by an equal gender distribution in adolescence 

(10–15 years) leading to a female predominance in adults 

(>  15  years) [21]. Sex-specific rhinitis and comorbid 

asthma prevalence data for older men and women are 

very scarce. Interestingly, according to a large observa-

tional all-female cohort, the Nurses’ Health Study in USA, 

the age-adjusted risk of asthma seems to be increased 

in postmenopausal women who ever or currently used 

hormone replacement therapy (i.e. conjugated estrogens 

with or without progesterone) compared to those who 

never used such hormones. However, allergic rhinitis 

with and without comorbid asthma has not been exami-

nated [22]. In a cohort study of 509 children with allergic 

rhinitis from Turkey (mean age 7.2 ± 3.5 years, age range 

1.5–18  years) Dogru showed that asthma was prevalent 

in the majority (53.2%) of these children [23]. In a French 

observational study of patients with asthma more than 

50% of participants had concomitant allergic rhinitis [24]. 

Several narrative reviews showed this change in sex pre-

dominance favoring females during the transition from 

childhood to adulthood for diverse allergy-related dis-

eases [4, 5, 25, 26]. Therefore, and since asthma and rhini-

tis coexist more often than expected [6], we hypothesized 

that also concomitant allergic rhinitis and asthma may 

undergo a similar sex-shift in prevalence during puberty.

Our results support this hypothesis to some extent. 

However, the limited number of studies found in adults 

did not allow us to clearly establish a clear tendency 

towards a male or female predominance but rather a bal-

ance between the sexes. Our pooled estimates relied only 

upon data from studies conducted in Asia (N = 7), South 

America (N =  2) and Africa (N =  1). In Pinart et  al. a 

sex switch for allergic rhinitis prevalence around puberty 

was not found in studies conducted in Asia [3]. Five of 

six studies in the youngest age group (0–10 years) were 

from Asia, whereas no Asian studies were found for ado-

lescents (11–17 years), suggesting a considerable bias.

Concerning possible mechanisms underlying a higher 

prevalence of allergic diseases in women during and 

after adolescence, higher levels of sex hormones such as 

estrogen and progesterone were suggested to be of cen-

tral importance [27]. Sex hormones play a role in the 

homeostasis of immunity [28]. Estrogen and proges-

terone enhance type 2 and suppress type 1 responses 

in females, whereas testosterone suppresses type 2 

responses in males [29]. Experiments in rodents showed 

an effect of estrogens on mast cell activation and the 

development of allergic sensitization, while progesterone 

can suppress histamine release but potentiate IgE induc-

tion [28]. Similarly for asthma sex differences have been 

reported for different phenotypes and symptom profiles 

in epidemiological, clinical and experimental studies, 

however, the aetiology remains largely unclear [30–33].

Risk of bias
We tried to identify all population based studies report-

ing prevalence of coexisting allergic rhinitis and asthma. 

Given that such observational studies require large sam-

ples, it seems unlikely that a study of this dimension will 

have been published and not identified by our search. 

Furthermore, in population-based prevalence studies 

publication bias seems to be less of a concern than e.g. in 

interventional studies. Thus, we believe that a bias due to 

unpublished data is unlikely.

Table 1 Main characteristics of studies included in the sys-

tematic review

ISAAC International Study of Asthma and Allergies in Childhood, ECRHS 
European Community Respiratory Health Survey

Study characteristics Number of studies

Total 10

Study period

 2000–2007 7

 2008–2014 3

Region

 Africa 1

 Asia 7

 South America 2

Sample size analysed

 < 1000 2

 1001–5000 1

 5001–10,000 3

 10,001–100,000 4

Age category (in years)

 0–10 6

 11–17 2

 18–79 2

Urbanicity

 Urban 7

 Rural/urban 1

 Unclear/not reported 2

Method for assessing prevalence

 ISAAC questionnaire 8

 ECHRS questionnaire 2
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Our systematic review was embedded in a larger 

review considering the difference in prevalence for rhi-

nitis only [3]. Although we used broad inclusion criteria, 

we may have missed studies that provided information 

on prevalence of having allergic rhinitis and asthma but 

did not provide information of having allergic rhinitis 

only or were published in journals that are not listed 

in the 2 major databases of medical literature, MED-

LINE and EMBASE. Primary care-based studies includ-

ing e.g. only out-patients were excluded because of a 

possible gender-related bias considering that women 

seek medical treatment, screening programs and other 

health care offers more often than men [34]. Restricting 

our search to studies published between 2000 and 2014 

does not allow us to conclude on possibly different find-

ings from earlier studies. The prevalence of allergies has 

dramatically increased in the second half of the twen-

tieth century but reasons for these temporal trends are 

not clear [35]. We therefore wanted to avoid the rather 

speculative comparisons of prevalence studies across 5 

and more decades and focused our evaluation on the 

2 recent decades where the prevalence of allergies may 

have reached a plateau in many regions around the 

world [36].

Most of the included studies, especially in children, 

were conducted in Asia, which may limit the generalisa-

bility of the results, because of specific genetic differences 

between ethnic groups as well as different environmental 

factors for allergic diseases such as air pollution.

Our results showed that a sex switch from a male to a 

female predominance in the coexistence of allergic rhini-

tis and asthma is reported in population-based studies; 

however, further research is needed to study the under-

lying mechanisms. The definition of allergic rhinitis and 

asthma in our study is based on answers to validated 

questions from the ISAAC and ECRHS projects. Though 

these instruments are widely used globally and well vali-

dated in many languages especially for asthma, a possible 

overestimation of asthma or allergic rhinitis prevalence 

cannot be excluded. However, we do not think that this 

affects the male–female-ratios of the prevalence esti-

mates used in our analysis since there is no indication 

for different overestimation between male and female 

responders of the included questions.

Fig. 2 Forest plot estimating the difference in prevalence of current coexisting allergic rhinitis and asthma between males and females in child-

hood, adolescence and adulthood
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Using current symptoms of asthma and allergic rhinitis 

as outcome definition may cause misclassification if clas-

sifying individuals without symptoms because of success-

ful symptom control for example as negative. However, 

we consider it unlikely that a person using e.g. anti-

obstructive medication on a daily basis would answer 

negative to the question for having wheeze during the last 

12 months. While, on the contrary, we judge the usage of 

doctor’s diagnosis to result in an underestimation of the 

number of subjects with allergic diseases.

Though there were many studies using the ISAAC study-

design only few studies fulfilled our stringent inclusion 

criteria. This shows that there is a need for a more mul-

timorbid perspective in population-based studies. For this 

work, we identified only cross-sectional studies. Although 

this study design is adequate for estimating population-

based prevalences, longitudinal studies would be of inter-

est to examine possible mechanisms underlying these 

differences in prevalence. Therefore, birth cohort studies 

in particular, are currently being evaluated regarding sex-

specific allergy prevalence differences in childhood and 

early adolescence within the MeDALL project [37, 38].

Considerable inconsistency was found solely in our 

meta-analyses for asthma only and for the 2 adult stud-

ies as indicated by the Higgins’  I2-tests. These summary 

measures of the meta-analyses should be interpreted 

with extra caution. Potential sources of heterogeneity 

include study design, study area or analysed age groups, 

but the specific influence cannot be examined due to the 

limited number of studies.

Conclusions

Based on a systematic review with meta-analysis of 

cross-sectional population-studies from across the globe 

we found a clear male predominance for the prevalence 

of coexisting allergic rhinitis and asthma in childhood. 

This seems to shift towards a female predominance in 

adolescents. Such a shift was less pronounced for aller-

gic rhinitis as a single entity. Our results suggest that the 

effect of puberty seems to be particularly present in the 

most severely affected patients who have both allergic 

rhinitis and concurrent asthma. However, sex- and gen-

der-specific evaluations beyond 14 years of age are scarce 

and further allergic multimorbidity studies in different 

Fig. 3 Forest plot estimating the difference in prevalence of allergic rhinitis only between males and females in childhood, adolescence and adult-

hood
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population settings, particularly in adults, are required. 

In clinical, epidemiological and basic research more sex- 

and gender-specific analyses are needed to develop better 

prevention and treatment strategies.
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