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Abstract

Background: We evaluated the association between breastfeeding and wheezing, lung function

and atopy in the International Study of Asthma and Allergy in Childhood (ISAAC) Phase Two.

Methods: Cross-sectional studies were performed in 27 centres in 20 countries. Information on
disease and exposure factors was collected by parental questionnaire. We used data from 54,000
randomly selected schoolchildren (eight-12 years, 31,759 with skin prick testing) and a stratified
subsample (N=4,888) for testing correlation of breastfeeding with bronchial hyperreactivity and
lung function. Random effect models for meta-analysis were applied to calculate combined odds

ratios (OR).

Results: Any breastfeeding was associated with less wheeze both in affluent (OR,g, 0.87; 95%
CI, 0.78-0.97) and non-affluent countries (OR,g;, 0.80; 95% CI, 0.68-0.94). Further analyses
revealed that this was true only for non-atopic wheeze in non-affluent countries (ORggj, 0.69;
95%-CI: 0.53-0.90). Breastfeeding was not associated with atopic wheeze and objective
measures of allergy in both affluent and non-affluent countries. In contrast, breastfeeding was
associated with higher predicted FEV; only in affluent countries (mean ratio, 1.11; 95% CI,

1.02-1.20).

Conclusion: Breastfeeding is associated with protection against non-atopic wheeze, which
becomes particularly evident in non-affluent countries. Overall, breastfeeding was not related to
any measure of allergy. These findings may explain some of the controversy regarding
breastfeeding, since the direction of the association with breastfeeding depends on the

predominating wheeze phenotype (e.g. atopic, non-atopic).
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Introduction

Human milk contains numerous components that provide the infant both with passive protection
against infections and components that enhance the maturation of the immune system [1].
Various possible biological mechanisms by which breast milk (e.g. via secretory IgA, antigens,
cytokines, chemokines, PUFA, polyamines) may influence atopic disease have been reported [2].
In developing countries breastfeeding reduces the incidence of infections, particularly
gastrointestinal infections, while in affluent countries the effects are less apparent [3]. Despite
numerous studies over the past 45 years addressing the possible protective effects of
breastfeeding against the development of allergic disease this issue is still controversial [4;5].
Van Odijk et al. reviewed the literature on breastfeeding and risk of allergic disease from 1966 to
2001 and concluded that breastfeeding seems a protective factor for the development of atopic
disease [6]. The inverse association was stronger in children with atopic heredity. However, the
authors excluded many of the reviewed papers due to non-informative findings and did not
clearly differentiate between allergic and non-allergic origin of clinical symptoms. Gdalevich et
al. also reported in a meta-analysis of 12 studies an overall protective effect of breastfeeding on
asthma, especially in children with hereditary risk for atopy [7].

In a recent review, Friedman and Zeiger tried to identify reasons for heterogeneous results for
the relationship between breastfeeding and the development of allergies and asthma [4]. The
results of previous studies were categorized according to neutral or allergy inducing effects of
breastfeeding [8-10] and a protective effect of breastfeeding [11-14]. Some of the inconsistency
in the published literature may be caused by incomplete control for potential confounding,
differences in the investigated age group, and outcome definition, such as the focus on atopic
dermatitis [10;14]. Most of the epidemiological studies included in the reviews were from
affluent countries. However, the relationship of breastfeeding to wheezing may be different in
less affluent populations with a higher burden of infectious disease and low prevalence of

allergies.
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Our purpose was to examine associations of breastfeeding practice with asthma among children
aged eight to 12 years in a large international study using data from 20 countries. By applying
highly standardized methodology and objective measurements we wanted to minimize variability
to differences in the way data were collected. We also explored whether atopic status or sex

modifies these associations.

Material and Methods

The rationale and methods of the International Study on Allergies and Asthma in Childhood
(ISAAC) Phase Two have already been described in detail elsewhere [15]. In brief, random
samples of at least 10 schools in a defined geographical area were chosen and children in classes
where the majority of children were aged nine-11 years (n > 1000 per centre) were invited to
participate. Overall, about 63,000 schoolchildren (76.4 % of those eligible) took part. Parental
questionnaires identical to those used in ISAAC Phase I [16] were used to collect data on
allergies and asthma. For the present analyses 54,439 children aged eight-12 years, from 27
centres in 20 countries were included, with a complete set of parental responses on

breastfeeding.

Exposure assessment:

Data on breastfeeding were collected retrospectively by parental questionnaire by the questions:
Was your child ever breastfed? (yes, no) and If yes, for how long? (< 6 months, 6-12 months, >1
year), Duration of breastfeeding was categorized never breastfed, < 6 months, and > 6 months
breastfed. Exclusiveness of breastfeeding was assessed by the question, If yes, for how long was
your child breastfed without adding other foods or juices? (< 2 months, 2-4 months, 5-6 months,
> 6 months). Time of exclusive breastfeeding was categorized as never breastfed, < 2 months, 2-

4 months, and > 4 months. As potential confounders were considered: sex, age of the child

22.10.2008 5



(years), exposure to environmental tobacco smoke at present (ETS) (Does anybody, at present,
smoke inside your child’s home? yes, no), present bedroom sharing with other persons (yes, no)
and maternal atopic disease (Has the child’s mother ever had any of the following diseases:

asthma, hay fever or eczema? yes, no).

The ISAAC Phase Two protocol allowed objective measurements to be performed either in the
full sample or in stratified subsamples of children [15]. Most centres invited all children for skin
prick testing, while blood samples were collected mostly in subsamples of children stratified
according to wheezing status during the past year (approx. 100 wheezers and 100 non-wheezers
per centre). The stratified subsampling was applied by most centres for lung function
measurements and BHR testing. Approval of the local ethics committees was obtained by all

centres [15].

As a difference was suspected in the strength of any association between breastfeeding and
wheezing, asthma, and allergy in affluent and non-affluent countries, we classified the study
centres into two broad categories on the basis of gross national income (GNI) per capita,
converted into U.S. dollars, using the World Bank Atlas method [17]. All centres from countries
which were classified by the World Bank as 'high income countries' were combined in one group
called 'affluent countries'. The remaining centres were combined as 'non-affluent countries' (GNI

< $9200 per year per capita).

Outcome:

The question “Has your child had wheezing or whistling in the chest in the past 12 months?”” was
used as the indicator for childhood asthma. In addition, the lifetime prevalence of asthma was
investigated using the question “Has your child ever had asthma?”. Skin prick tests (SPT) were

performed on 31,759 children using six common aeroallergens: D. pteronyssinus, D. farinae, cat
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hair, Alternaria tenuis, mixed tree and grass pollen (ALK, Hersholm, Denmark). In addition,
data of locally relevant allergens tested in 15 centres were included. For this analysis at least one
positive reaction (wheal size > 3mm after subtraction of the negative control) was defined as a
positive SPT. Atopic wheeze was defined as wheeze during the past year and a positive skin

prick test [18].

Spirometry was performed according to ATS criteria [19]. At least two spirograms were
recorded, and the higher of two reproducible measurements (with less than 5% variation) of
forced expiratory volume in one second (FEV) was recorded as baseline value. The predicted
values of FEV| in percent (FEV %) as descriptor of lung function were calculated based on age,
weight (except Albania and the United Kingdom) and height stratified for sex and centre by
linear regression models. High FEV,% indicates good lung function.

As described elsewhere in detail [15] bronchial hyperreactivity (BHR) was assessed using de
Vilbiss nebuliser by further measurements of FEV1 after inhalation of nebulised hyperosmolar
saline (4.5 %) for increasing time periods (0.5, 1, 2, 4, and 8 minutes) [20]. FEV1 was measured
1 min after the end of each inhalation period and the next challenge was performed after 3 min
wash-out time. If the FEV1 fell 10-15 % below the baseline value, the previous exposure time
was repeated. If after two repetitions the fall of FEV1 was still between 10% and 15%, the
exposure time was also doubled. Bronchial challenge was stopped if either the FEV; had fallen
by 15% or more or the total inhalation period of 15.5 min had been reached. In children with a
baseline FEV of <75% of predicted value, no bronchial challenge was performed and an inhaled

bronchodilator was administered.

Statistical analysis:
For stratified subsamples, weighted prevalences and risk estimates were calculated [21]. Random

effect models for meta-analysis were applied to calculate crude and adjusted odds ratios (OR) or
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mean ratios (MR) for FEV % with 95% confidence intervals (CI) combined for affluent and non-
affluent countries [22]. The following potential confounders were considered: sex, age of the
child in order to control for age or sex differences, exposure to environmental tobacco smoke at
present (ETS) to control for respiratory symptoms due to tobacco smoke, present bedroom
sharing with other persons was used to control for family size and living conditions, and
maternal atopic disease to control for increased risk of atopy and potential lifestyle
modifications. Heterogeneity estimated from random effects meta-analysis was tested with the
Wald-statistics (Pheterogencity).- In case of heterogeneity, fixed random effect models were
calculated and a statistical test on differences of the study means based on the chi’ distribution
was performed (Pheterogencity-fixed)- Interaction was investigated by including a product term in the
logistic regression equation.

Depending on prevalence and completeness of the variables the numbers of subjects and
sometimes the number of centres/countries in the models differ if some subjects/centres did not
contribute any information and, therefore, had to be excluded.

All calculations were performed stratified by centre and the combined estimates for affluent and
non-affluent countries are shown. Further stratification by maternal atopic disease, sex, atopic
and non-atopic wheeze was performed. The statistical software package SAS release 9.1 (SAS
Institute, Cary, N.C.; USA) and SUDAAN 9.0 (Research Triangle Institute, N.C. USA) were

used to analyze the data.

Results

Table 1 shows the basic characteristics of the study populations. The prevalence of any
breastfeeding ranged between 26.4% in Hong Kong (China) to 100% in Pichincha (Ecuador).
The proportion of children reporting wheeze during the past year ranged from 0.8 % in Pichincha
(Ecuador) to 25.6 % in Uruguaiana (Brasil). The lifetime prevalence of asthma ranged between

2.7% in Tirana, Albania to 35.6% in Hawkes Bay in New Zealand. Among breastfed children
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mothers with atopic disease and bedroom sharing were more prevalent than among non-breastfed

children.

Table 2 shows the crude and adjusted associations between breastfeeding and wheeze during the
past year. In the multivariate models, breastfeeding was inversely associated with wheeze during
the past year, both in affluent countries (ORggj, 0.87; 95% CI, 0.78-0.97; Pheterogencity = 0.50) and
in non-affluent countries (ORag;, 0.80; 95% CI, 0.68-0.94; Pheterogencity = 0.50). Though going in
the expected direction no significant effect was found for the duration of breastfeeding in
affluent countries, whereas in non-affluent countries breastfeeding for at least six months was
associated with less wheeze (ORagj, 0.74; 95% CI, 0.62-0.88; Pheterogencity = 0.25). In affluent
countries, duration of exclusive breastfeeding tended to be inversely associated with wheeze, but
reached statistical significance only for the categories two to four months. In non-affluent
countries, however, exclusive breastfeeding for at least two months (ORgj, 0.77; 95% CI, 0.63-
0.94); Pheterogencity = 0.17) and more than four months (OR.g, 0.74; 95% CI, 0.61-0.90);
Pheterogencity = 0.47) was inversely associated with wheeze. In addition, any breastfeeding was
related to reduced lifetime prevalence of asthma in affluent countries (OR,q;j, 0.87; 95% CI, 0.78-

0.97) and a similar trend non-affluent countries (ORggj, 0.89; 95% CI, 0.71-1.11) (Table 3).

Breastfeeding showed no significant relation with atopic wheeze for neither affluent (OR,g;, 0.85;
95% CI, 0.67-1.08; Pheterogencity = 0.13) nor non-affluent countries non-affluent countries (ORg;,
0.86; 95% CI, 0.55-1.35; Pheterogencity = 0.27)(Table 4). For non-atopic wheeze, the inverse
association with breastfeeding was stronger in non-affluent (OR,g, 0.69; 95% CI, 0.53-0.90;
Pheterogencity-fixed = 0.98) than affluent countries (OR,gj, 0.87; 95% CI, 0.72-1.06; Pheterogencity =
0.48). Moreover, no associations were found between breastfeeding practice and positive SPT or
elevated specific IgE levels, neither in affluent nor non-affluent countries (please see

supplemental data).
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The associations between any breastfeeding and wheeze was not affected by maternal atopy in
affluent (OR,gj, 0.93; 95% CI, 0.79-1.10; Ppeterogencity = 0.50 and OR,gj, 0.82; 95% CI, 0.71-0.95;
Pheterogencity = 0.50, respectively), nor in non-affluent countries (ORagj, 0.78; 95% CI, 0.48-1.27;
Pheterogencity = 0.23 and ORggj, 0.80; 95% CI, 0.66-0.96; Pheterogencity = 0.50, respectively). In
affluent countries, the inverse association between breastfeeding and wheeze was more
pronounced for girls (ORagj, 0.78; 95% CI, 0.64-0.95; Pheterogencity-fixed = 0.69) than for boys
(ORagj, 0.95; 95% CI, 0.83-1.10; Pheterogencity-fixed = 0.91), while the opposite was true in non-
affluent countries (OR,gj, 0.73; 95% CI, 0.56-0.95; Pheterogencity = 0.33 vs. OR,q;, 0.82; 95% CI,
0.64-1.05; Pheterogencity = 0.49 1in girls). When all countries were combined, there was no

significant effect modification by gender (p-value 0.455).

Breastfeeding tended to be inversely related to BHR in affluent and non-affluent countries, but
none of the associations were statistically significant (OR,gj, 0.92; 95% CI, 0.75-1.12; Pheterogeneity
= 0.50 and OR,gj, 0.66; 95% CI, 0.37-1.20; Pheterogencity = 0.50, respectively) (Figure 1la).
Breastfed children tended to have better lung function as determined by FEV,% in affluent
countries however (means ratio, 1.11; 95% CI, 1.02-1.20; Pheterogencity = 0.42), but not in non-
affluent countries (means ratio, 0.89; 95% CI, 0.68-1.17; Pheterogencity = 0.30) (Figure 1b). This

interaction with affluence was not significant (p-value 0.564).

Discussion

In line with some of the previous literature [6;7;11-14;23], but in contrast to some other reports
[9;10;24], we observed an inverse association between breastfeeding and wheezing. This was
particularly true in non-affluent countries. Breastfeeding for at least six months and more than
two months of exclusive breastfeeding were associated with less wheeze in non-affluent

countries, while there was no consistent evidence that the duration of breastfeeding was
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associated with asthma in affluent countries, Furthermore, the protective effect of breastfeeding
against childhood wheezing was limited to non-atopic wheeze, while IgE associated wheeze and
atopic sensitization were not affected. Our findings could explain at least some of the current
controversy regarding the relationship between breastfeeding and wheezing later in childhood.
While overall there was a protective effect of breastfeeding against wheeze, in reality it was
evident only for non-atopic wheeze in non-affluent countries. In affluent countries, in which
wheezing is more commonly associated with allergy, breastfeeding showed no relation with
wheeze, despite the large sample size. Depending on the predominant wheeze phenotype in

populations, an association between breastfeeding and wheeze may appear.

Other authors found breastfeeding for at least four months to be associated with less wheeze, as
compared to children who were never breastfed [12;25]. Results from a recent randomized
intervention study on prolonged and exclusive breastfeeding revealed no protective effect on
symptoms of allergies, asthma, and SPT positivity among 6.5 year old children in Belarus [5].
Our results indicate no major reduction in the prevalence of prolonged breastfeeding or exclusive
breastfeeding for more than four months in affluent countries in contrast to non-affluent
countries where the prevalence of wheeze was lower. There is evidence for age-dependent
prevalence and phenotype patterns in children [26]. Different prevalence of the wheeze
phenotypes non-atopic and atopic (IgE associated) wheeze, may explain the differential
associations by affluence status. We found favourable FEV1 % values among breastfed children
in affluent countries. Differences in the prevalence of non-atopic and atopic (IgE associated)

wheeze, may explain the differential associations by affluence status.

The reviews by van Odijk [6] and by Gdalevich [7] et al reported an overall protective effect of
breastfeeding on asthma prevalence, especially in children with a family history of atopy. Our

study, comprising 54,000 children in 20 countries could not confirm this, as we observed a
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slightly stronger inverse association with breastfeeding in children without maternal atopy in

affluent, but not in non-affluent countries.

There is more or less consensus that breastfeeding offers protection against infections and thus
also against wheezing in infancy [1;2]. Prospective studies have revealed that recurrent
respiratory infections in infancy may indicate a predisposition for wheezing and BHR [27;28].
Wright et al. found that breastfeeding has a protective effect early in life, whereas it may be
associated with increased risk of asthma in adolescents, especially in atopic children of asthmatic
mothers [24]. Results of a cohort study from Australia suggest that the association between
breastfeeding and asthma may depend on the age of manifestation, conferring protection up to
the age of seven, but associated with an increased risk for asthma after this age [29]. As asthma
is usually not associated with allergy during the first years of life in contrast to the situation in
older children, these findings would support our observations that breastfeeding was associated

with less wheezing but not less sensitization and particularly so in non-affluent countries.

Human milk contains various bioactive and immunomodulatory constituents such as antibodies,
oligosaccharides, cells and cytokines [3;30]. The composition of breast milk differs between
allergic and non-allergic mothers and it has been suggested that this could explain some of the
controversy regarding the possible allergy-preventive effects of breastfeeding [30]. In support of
this, a Swedish study has shown that the composition of PUFA in breast milk not only differed
between allergic and non-allergic mothers but also affected the development of allergic disease,
at least up to the age of two years [31]. Such differences could also explain the observations by
Wright et al. [24] that children who were breastfed by allergic as compared to non-allergic

mothers had a higher incidence of allergies.

22.10.2008 12



Breastfeeding may influence the immunologic and respiratory function during early childhood
[2]. A long-term immunological effect of breastfeeding is also supported by the observations that
the thymus size was larger in breastfed than in non-breastfed infants [32]. The effect of
breastfeeding may depend on the age of onset of asthma, with stronger protective effect for early
onset of asthma [12;29]. In our data, breastfeeding had favourable effects on wheeze during the
past year and particularly on non-atopic wheeze in non-affluent countries, suggesting an
infection linked immune modulation. It is also possible that the composition of breast milk was
affected by socio-economic factors, maternal diet, pollutants, and the nature of microbiological

exposure [3;31].

After stratification by sex the protective effect of breastfeeding remained stronger in girls than in
boys in affluent countries, whereas the opposite was found in non-affluent countries. This
observation is in agreement with another report concerning neonatal respiratory infections [33].
Other environmental factors such as diet, infections, or hormones may further contribute to sex-
specific patterns of associations between breastfeeding, asthma and allergies [34]. In our study,
however, breastfeeding was unrelated to either of the primary risks/co-factors of asthma (atopy
and BHR), which supports the lack of relation with atopic wheeze. In affluent societies, the
protective effect of breastfeeding against non-atopic wheeze which is probably mainly due to
infections is marginal while it is a major factor in developing countries. This observation is
corroborated by the findings that substantially higher fractions of current wheeze are attributable
to SPT reactivity in affluent as compared to non-affluent countries [18]. In addition, lower

prevalence rates of SPT reactivity were found in less affluent countries [18].

Some limitations have to be kept in mind. Since we performed a cross- sectional study and the
data on breastfeeding history were collected retrospectively recall biases are likely, which may

have affected more the duration and exclusiveness of breastfeeding than breastfeeding per se. In
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addition, no detailed information on early infections was available. Parental socioeconomic
conditions varied within the centres and may have confounded our observations. However, the
calculation of models adjusting for years of maternal or paternal education as indicator for socio-
economic position (SEP) for the centres with available information did not substantially affect
the associations. We performed multiple comparisons which need to be considered for
interpretation of the results. The application of well established and standardized questionnaires
and methodology in the centres would support the consistency of the findings across centres in
affluent and non-affluent countries. In addition, objective markers of allergy sensitization and

lung function were applied. Our study adds results from non-affluent countries.

Our results provide evidence that breastfeeding is protective against non-allergic wheeze among
children aged eight-12 years in non-affluent societies. However, there was no protective relation
of breastfeeding with measures of allergy. The findings may explain some of the controversy
regarding the long term effects of breastfeeding on respiratory symptoms, as atopic (IgE-
associated) and non-atopic wheeze were not clearly separated in most previous studies.
Depending on which type of wheeze phenotype predominates (e.g. atopic or non-atopic) at a
particular age breastfeeding may exert a protective or marginal effect on wheeze. Further
research needs to consider differential pathways according to atopic and non-atopic wheeze

phenotype.
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Figures 1a: Associations between breastfeeding and Bronchial hyperreactivity *
(Odds ratio and 95% CI)*
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Figures 1b: Associations between breastfeeding and predicted FEV, * (means odds

ratio and 95% ClI) *
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Adjusted for sex, age, maternal atopic disease, ETS, present bedroom sharing
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