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BACKGROUND

Allergic asthma, hay fever (and other airway allergies), eczema and food allergy 

are collectively known as ‘atopic diseases’. A largely unexplained increase in the 

prevalence of these diseases was noted from the early 1970s, prodominantly in 

industrialised countries and especially in children.(1, 2) Recently, it has been 

postulated that a plateau phase has been reached in some countries.(3-5) Currently, 

atopy is present in about 40% of the westernised world’s population, constituting 

a large burden from personal, health care and economic perspective. Asthma and 

other atopic disorders are thought to be the result of complex interactions between 

genetic predisposition and multiple environmental infl uences.(6) However, the 

marked increase in asthma prevalence over recent decades is unlikely to be due to 

genetic changes, highlighting the contribution of environmental factors.(7) In the 

present thesis, we have investigated how breastfeeding may play a (protective) 

role in the development of allergic diseases. In this perspective, we have tested 

several hypotheses in the KOALA Birth Cohort Study which are outlined in this 

chapter. 

Immunology of atopic diseases

Allergic diseases are chronic infl ammatory disorders caused by aberrant Th2-

type immune responses against common ‘innocuous’ environmental antigens 

(allergens) in susceptible individuals.(8) Viruses, bacteria, and helminths carry 

distinct signature molecules that interact with dendritic cells resulting into the 

differentiation of both Th1 and Th2 cytokine-producing cells.(9) Th2 cells produce 

both IL-4 and IL-13, which in a coordinated fashion regulate the allergic response. 

IL-4 directs the differentiation of T cells towards a Th2 cytokine profi le and acts as 

a growth factor for the expression of these cells. In addition, IL-4 and IL-13 regulate 

the synthesis of IgE by B cells.(10) IgE binds with high affi nity to receptors (FcεRI) 

found on mast cells leading to immediate and delayed release of infl ammatory 

mediators, initiating hypersensitivity and late-phase reactions.(8, 11) Several 

years ago, the importance of reduced activity of T regulatory (Treg) cells (reduced 

immune suppression) has been emphasized.(9, 12) Early exposure to allergens and 

pathogens stimulates IL-10 producing T reg cells which down-regulate both Th1 and 

Th2 cells.(13, 14) However, the role of T reg cells on dampening allergen-specifi c 

Th2 responses is poorly understood and inconsistent due to the heterogeneity of 

T reg cells and to the incomplete knowledge of their origin and function.(8, 15)
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THE NOMENCLATURE AND DEFINITION OF ATOPIC DISEASES

The terminology that is used to characterize allergic and allergy like reactions 

remains confusing. Terms like ‘atopic dermatitis’, ‘(intrinsic/extrinsic) atopic 

eczema’, ‘allergic eczema/dermatitis syndrome (AEDS)’ or ‘eczema’ and ‘atopiform 

dermatitis’ have been used interchangeably.(16-19) In 2004, a committee by the 

World Health Organization has proposed a new terminology in order to improve 

the communication between health care professionals within the fi eld of allergies. 

(20) Consistent with the new nomenclature, dermatitis is divided into eczema, 

contact eczema or other dermatitis. Eczema can be divided into atopic eczema 

(IgE-associated) or non-atopic eczema (non-IgE-associated). According to the 

committee, ‘atopy’ should be defi ned as ‘a personal and/or familial tendency, 

usually in childhood or adolescence, to become sensitized and produce Immuno-

globulin E (IgE) antibodies in response to ordinary exposures to allergens, usually 

proteins’.(20) In addition, the Committee stated that the term ‘atopy’ should 

be reserved as a clinical defi nition to describe the genetic predisposition of 

individuals to become sensitized to allergens that are commonly occurring in the 

environment and to which everyone is exposed but to which the majority do not 

produce a prolonged IgE-antibody response.(20) 

Eczema

Eczema is an infl ammatory, chronically relapsing, non-contagious and intensely 

pruritic skin disease that is often occurring in families with other atopic diseases 

(bronchial asthma, allergic rhino-conjunctivitis).(21) Eczema is one of the most 

common skin diseases in infancy. It is known that eczema, asthma and allergic 

rhinitis tend to cluster in the same families, but the exact relationship between 

early eczema and subsequent asthma over time is far from clear.(22) The atopic 

march (i.e. a child who progresses from eczema to asthma and hay fever as 

he or she becomes older) is a popular but simplifi ed explanation.(23) Atopy is 

a common fi nding in patients with eczema.(24) However, the causative role of 

allergens in eczema, has been disputed. Elicitation of eczematous lesions by 

means of application of allergen to the skin in atopy patch tests and improvement 

of skin condition after allergen avoidance might be considered as evidence for 

causality.(25) The relationship between disease severity and levels of total IgE 

and IgE antibodies directed against environmental allergens further supports 

this view. However, a signifi cant proportion of eczema (16% to 45% in European 
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studies) is not associated with increased IgE levels. (26) There have been several 

explanations for the fact that not all infants with eczema are sensitized. First, 

Kusel et al hypothesised there may be two forms of eczema i.e. the intrinsic (non-

atopic form) and the IgE mediated extrinsic from.(27) Although some studies have 

defi ned non-atopic eczema according to low total IgE levels (<150 kU/L), others 

base this classifi cation on a lack of sensitization to inhalant or food allergens.(28) 

Another explanation was based on a review demonstrating that eczema severity 

was positively associated with positive skin prick test responses or IgE antibody 

levels.(29) Therefore, IgE sensitization may be a predictor of eczema severity or 

even an epiphenomenon.(30) Alternatively, sensitization may be a consequence of 

eczema rather than a cause since a damaged skin barrier may act as an important 

route of antigen sensitization.(31, 32)

Wheeze

Wheeze, a relative common symptom in infancy, is a continuous, coarse, whistling 

sound produced in the respiratory airways during breathing. For wheezes to 

occur, some part of the respiratory tree must be narrowed or obstructed, or 

airfl ow velocity within the respiratory tree must be heightened. It has been 

estimated that wheezing affects between 25-60% of the infants during the fi rst 

years of life. However, it is increasingly recognized that wheezing illness in young 

children represents a heterogeneous group of conditions with distinct patterns 

associated with different pathogenesis and risk factors.(33, 34) Interestingly, 

it has been noted that in some young children with mild asthma, wheezing 

resolves spontaneously; in others, especially those with severe asthma, wheezing 

continues into adulthood.(35) A recent study, showed that the majority of children 

who wheezed in the fi rst 2 years of life no longer wheeze in later childhood and 

that a parental history of asthma, smoking, and infant’s atopy seem to be the 

most important characteristics in persistent wheeze during childhood. (34) 

Not all infants who suffer from wheezing illnesses appear to have atopy.(36, 37) It 

has been suggested that infant wheeze is less useful as an indicator of the atopic 

phenotype since only a weak association was found between wheeze and atopic 

eczema. Hence infant wheeze was thought not to be etiologically linked to the 

epidemic of atopic disease.(38) In a cohort exhibiting high prevalences of atopic 

characteristics, including eczema, allergic sensitization to inhalant and food 

allergens, it has been shown that the existence of severe intermittent wheezing 

(as a distinct phenotype of wheezing during early childhood) is particularly 
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characterized by more severe acute episodes requiring oral corticosteroids. These 

fi ndings suggest that in preschool children with intermittent wheezing, episodes 

can be severe, with greater severity associated with previous episodes (requiring 

oral corticosteroid use) and associated with allergic sensitization.(39)

Sensitization

Atopic or allergic sensitization (i.e. increased serum levels of specifi c IgE anti-

bodies against one or more allergens) in children below the age of 4 occurs 

predominantly against food allergens. By the age of 2 to 4 years, most children 

outgrow common food allergies such as to cow’s milk and hen’s egg.(40) After 6 

years of age, atopic sensitization to inhalant allergens such as house dust mite 

and pollen is more frequently diagnosed than food sensitization.(41) Sensitization 

has been reported to be strongly associated with eczema, rhinitis and asthma at 

age four years as well as with adult asthma.(42)

Defi nitions of atopic outcomes used in the present thesis

In the present thesis, eczema, atopic dermatitis as defi ned by the UK Working 

Party criteria, wheeze and sensitization were all addressed as separate out-

comes. The use of the defi nition for ‘atopic dermatitis by UK Working Party’ is 

not consistent with the nomenclature proposed by the committee of the World 

Health Organization, although we preferred to use this term as it was originally 

introduced by Williams et al.(43-45) The defi nition proposed by Williams et al is 

the only validated classifi cation solely based on clinical signs and symptoms. 

Infant ‘atopic manifestations’ or ‘atopy development’ were used as umbrella 

terms when reporting on eczema, wheeze, atopic dermatitis by UK Working Party 

and sensitization.

Figure 1 shows the proportion of infants with atopic sensitization at age 2 years 

and parental reported eczema and recurrent wheeze during the fi rst 2 years of life 

in the KOALA Birth Cohort Study.
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Figure 1

Venn diagram showing the proportion of infants with atopic sensitization (specifi c serum IgE 

to hen’s egg, cow’s milk, peanut, birch, grass pollen, cat, dog and/or house dust mite) at age 

2 year, parental reported eczema or wheeze during the fi rst 2 years of life or any combination 

of the three conditions in the KOALA study. Subset areas presented above are not proportional 

to the actual relative subset size.

From this fi gure, it becomes clear that far from all infants in the KOALA Birth Cohort 

Study with eczema have raised specifi c IgE levels. The same is true for infants 

with recurrent wheeze. Furthermore, fi gure 1 shows that only a slight percentage 

of all infants with eczema report wheezing symptoms. 

HYGIENE HYPOTHESIS FROM DIFFERENT PERSPECTIVES

Different hypothesis have been put forward to explain the increasing rise in the 

incidence of atopic disease: Initially, a link between the increasing incidence 

of allergies and the modern lifestyle was suggested, giving rise to the so-

called hygiene hypothesis proposing that reduced exposure to infections in 

early childhood owing to a combination of diminishing family size, improved 

living standards and higher personal hygiene might result in increased risk of 

developing allergic disease.(46, 47) However, 15 years after the formulation of 

the hygiene hypothesis, a pro/con debate is still going on.(48, 49) It has been 

1%11%

6%2%17%
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stated that this hypothesis was mainly based on observational studies and could 

largely be explained by confounding by indication.(50, 51) In contrast, from an 

immunological viewpoint this hypothesis is very much alive.(52-54) Also, it has 

been shown from epidemiologic studies that atopic and nonatopic subjects differ 

in gut fl ora composition (55), and hygiene-associated deviation in gut microfl ora 

has been hypothesized to be one of the key environmental factors underlying 

development of atopy in genetically predisposed individuals.(56) Furthermore, it 

has become increasingly clear that the hygiene hypothesis requires more insight 

in gene-environment interactions in order to determine the outcome of immune 

responses. For example, by the analysis of genetic variants in CD14, a component 

of the TLR signaling complex that facilitates endotoxin responsiveness through 

the TLR4–MD2 complex.(57) 

THE ROLE OF BREASTFEEDING

Breastfeeding has been considered as the optimal source of infant nutrition 

and it has been shown to protect the infant against infectious diseases (58, 

59), obesity (60, 61) and several chronic illnesses (62, 63) including allergic 

symptoms, especially childhood asthma.(64) Two meta-analyses showed that 

exclusive breastfeeding during the fi rst three months of life was associated with 

lower incidence rates of atopic dermatitis and also with lower asthma rates. This 

was the case in children of a general population but especially this was seen in 

children with a family history of atopy.(65, 66) However, studies on the effects 

of breastfeeding on the development of allergy have yielded controversial 

results, some studies indicating an allergy-preventive effect (67-69), while others 

could not confi rm this (70, 71), or the protective effect has been limited to early 

childhood, long-term follow-up indicating increased atopic symptoms among 

the breastfed subjects (72-75). Health gains for breastfeeding mothers include 

lactation amenorrhea, early involution of the uterus, enhanced bonding between 

the mother and the infant, and reduction in incidence of ovarian and breast 

cancer. From the economic perspective, breastfeeding is less expensive than 

formula feeding.(76)

There may be several reasons why it can be expected that breastfed infants show 

a reduced occurrence of atopic diseases. The following mechanisms have been 
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proposed: 1) breastfed infants are less or later exposed to food antigens 2) human 

milk contains factors that promote gastrointestinal mucosa maturation, 3) by 

decreasing the incidence of infection and possibly altering the gut microfl ora (77), 

4) human milk has functional immunomodulatory and anti-infl ammatory factors 

including cytokines and growth factors that play an important role in modulating 

the development of asthma and allergic disease.(78)

Immunology of human milk and its relation with the infant:

Human milk may confer passive support of the host defence in the offspring. The 

breast-fed infant will receive relevant secretory antibodies (such as secretory 

IgA) directed against the microfl ora initially colonizing its mucosae (refl ecting 

the mother’s microfl ora) and hence be better protected both in the gut and in 

the upper airways by secretory IgA and secretory IgM in the same way as the 

mother’s gut mucosa is protected by similar antibodies.(79) Thus the neonatal 

colonization with the mother’s gut bacteria is no threat for the infant, even if 

pathogens are transferred, provided that the infant is breastfed.(80) The passive 

support is regulated by the integration of mucosal immunity between mother and 

the newborn (so called enteromammaric link). Primed B (and probably T) cells 

migrate from the gut-associated lymphoid tissue (GALT) such as Peyer’s patches, 

via lymph and peripheral blood to lactating mammary gland.(81, 82) This dis tri-

bution of precursors for IgA plasma cells beyond the gut mucosa is crucial for 

glandular production and subsequent occurrence in breast milk of secretory anti-

bodies (sIgA and sIgM) specifi c for enteric antigens (microorganisms and food 

proteins).

The immature immune system in neonates may be refl ected in low a cytokine 

production.(83) This may in part be compensated by cytokines in the human milk 

and may actively stimulate the infant’s immune system by the uptake of these milk 

cytokines. Therefore, the breastfed child continues to be better protected against 

various infections.(80) Some of the cytokines are bound to other proteins, e.g. 

to their receptors (84, 85) and are hence protected from digestion. In addition, 

human milk contains antiproteases interfering with proteolysis, and the digestive 

capacity is not yet fully developed in newborns (86).

Transforming growth factor β (TGF-β) is a predominant anti-infl ammatory cytokine 

in human milk (87). TGF-β has a potent immunosuppressive action in the gut that 

prevents from sensitization to food allergens and inhibits T-cell activation (88). 
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Also, TGF-β may act with interleukin-10 (89) resulting in increased IgA production 

by naïve B cells (86, 90, 91), promoting specifi c IgA production (92) which reduces 

susceptibility to both enteric and respiratory infections. In addition, interleukin-

10 (an anti-infl ammatory cytokine) and interleukin-12 (an pro-infl ammatory 

cytokine) are both present in human milk.(84, 93) 

SCOPE OF THE THESIS: 

EXPLAINING THE CONTROVERSY OVER BREASTFEEDING AND ATOPY

In 1988, Kramer (94) in his paper ‘Does breast feeding help protect against atopic 

disease? Biology, methodology, and a golden jubilee of controversy’ developed 

12 standards pertaining to both biologic and methodologic aspects of exposure 

(infant feeding), outcome (atopic conditions), and statistical analysis for new 

studies in an attempt to end the controversy concerning the possible protective 

effect of breast feeding on subsequent atopic disease (94). Despite several new 

studies that complied with these standards, the controversies are not yet resolved 

and several studies have focused on other methodological explanations for the 

inconsistent results which are outlined below.(95-97) 

* Reverse causation

Bias as a result of reverse causation has been proposed as one of the explanations 

of the unsolved controversy. In other words, the relationship between breast-

feeding and infant atopic outcomes may be disturbed since it is known that 

mothers may alter their feeding behaviour to what is their perception to be the 

best for their infant. For example, mothers may prolong breastfeeding if their 

infant shows symptoms of eczema or food allergy. In the present thesis, we have 

explored whether our data have been prone to reverse causation by assessing 

the relationship between breastfeeding and eczema in the fi rst year of life 

by a risk-period specifi c analyses, i.e. taking into account only those infants 

that develop symptoms after the occurrence of the exposure (breastfeeding) 

(chapter 2).

Reverse causation has also been proposed in the literature as an explanation for 

the fact that some studies have found an increased risk of atopy by a delayed 

introduction of cow’s milk or food allergens.(98) Previously, it was accepted that 
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(exclusive) breastfeeding or less exposure to foreign antigens (like cow’s milk 

protein triggering the induction of allergic sensitization) would be benefi cial for 

the infant. More recently, some studies have found the opposite effect of what can 

be regarded as desirable for the exclusively breastfed infant, namely an increased 

risk of allergic disorders for breastfed infants.(70, 72) Another explanation for 

this increased risk, is the induction of ‘oral tolerance’ (opposite mechanism of 

sensitization) by introducing cow’s milk of food allergens at an early age.(99, 100) 

In the present thesis, we have explored the age of introduction of solids and other 

food products on the relation of infant atopic manifestations (chapter 4).

* The role of the maternal allergic status as an effect modifi er

Another explanation that has been proposed for the inconsistent fi ndings on 

breastfeeding and atopy is effect modifi cation. Previously, it has been shown 

that breastfeeding is associated with decreased IgE levels in children of mothers 

with low IgE levels, as opposed to elevated IgE levels among children of mothers 

with high IgE levels.(101) Therefore it has been thought that the protection by 

breastfeeding may depend on maternal allergic status. (102) In addition to genetic 

inheritance, the mechanisms for conferring early-life risk preferentially through 

the maternal line may include transplacental transfer of antigens, maternal 

antibodies, or maternally derived cytokines.(103) In the current thesis, we have 

therefore investigated whether maternal allergic status (allergic, asthmatic of 

high total IgE levels) modifi es the effect of the breastfeeding on the development 

of infant atopic manifestations in the fi rst two years of life (chapter 3). 

In a different way, a maternal allergic status may explain the controversies in 

the poorly understood relationship between breastfeeding and infant allergy. 

Namely, the immunoprotection conferred by human milk may vary between 

mothers (104). For example, the concentrations of interleukin-4, interleukin-5 and 

interleukin-13 were higher in colostrum from allergic mothers compared with non-

allergic mothers.(105-107) Hence, breastfed infants may be differently equipped 

by immunological factors, depending on the allergic status of the mother. In the 

present thesis, we have investigated whether the mother’s atopic constitution 

infl uences milk levels of several immune factors (chapter 5).

Of special interest is soluble CD14 which is the soluble form of the protein receptor 

CD14 that is present in breast milk. Soluble CD14 may act as a receptor through 
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binding to CD14-negative cells, such as intestinal epithelial and dendritic cells, 

enabling these cells to respond to endotoxin stimuli and to affect the immune 

system in postnatal maturation.(108)

There may be an interaction between genetic constitution and effect of immune 

factors in breast milk and it may provide a link between maternal genetic 

constitution and the child’s allergic risk next to genetic inheritance. This might 

explain the stronger maternal than paternal inheritance of allergy.(103) The CD14 

gene is one of the many genes that is currently in the focus of asthma and allergy 

research. In fact, CD14 is located on chromosome 5q31.33, an area where linkage 

to Th2 prevalent phenotypes such as high total serum IgE and allergic asthma has 

been reported.(109) Genetic variation in the CD14 gene may modify the interaction 

between e.g. environmental tobacco smoking, endotoxin exposure and allergic 

diseases.(110) In this thesis we have investigated different CD14 polymorphisms 

in order to test weather these polymorphisms were associated with the level of 

sCD14 in breast milk (chapter 6). 

KOALA BIRTH COHORT STUDY

KOALA is Dutch for ‘Kind Ouder en gezondheid Aandacht voor Leefwijze en 

Aanleg’ (which is an acronym for Child, Parent and health: Lifestyle and Genetic 

Constitution). The KOALA Study is an ongoing prospective birth cohort study in 

the Netherlands. It aims to identify factors that infl uence the clinical expression 

of atopic disease with a main focus on lifestyle (vaccinations, antibiotics, dietary 

habits, breastfeeding and breast milk composition, intestinal microfl ora com -

position, infections during the fi rst year of life, and gene-environment inter-

actions).(111) 

Design of the study

Pregnant women have been recruited from an ongoing prospective cohort study 

(n = 7020) on pregnancy-related pelvic girdle pain (PPGP study) among pregnant 

women in the Netherlands.(112) Enrolment started in October 2000 and aimed 

at women at 14–16 weeks of gestation. At 34 weeks of gestation, PPGP subjects 

were asked to participate in the KOALA study (‘conventional participants’). 

Additionally, recruitment of pregnant women with alternative lifestyles (‘alternative 

participants’) started through several ‘alternative’ recruitment channels, i.e., 
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posters in organic shops, anthroposophic doctors and midwives, anthroposophic 

under-fi ve clinics, Steiner schools, and magazines for special interest groups. 

Like for the PPGP cohort, in this alternative population pregnant women were 

enrolled at 14–18 weeks of gestation. Perinatal determinants and exposure data 

on determinants of atopy (hygiene, infections, nutritional data, child rearing, 

and other lifestyle characteristics) were collected for all members of the cohort 

by repeated questionnaires during pregnancy and during the fi rst 2 years of the 

infant’s life at 3, 7, 12 and 24 months post-partum. Follow-up at 3 and 7 months 

post-partum was completed with high response rates (respectively 90% and 88% 

for conventional participants, and 97% and 95% for alternative participants).

Participants recruited from January 2002 onwards were asked to consent to 

maternal blood sampling around 36 wk of gestation (for determination of IgE). 

Furthermore, they were asked to consent to collecting of capillary blood at the 

age of 1 yr, venous blood at the age of 2 yr (for the determination of infection 

serology and the measurement of total and specifi c IgE levels) and from October 

2002 onwards breast milk. Finally, buccal swabs from trios (the child and both 

parents) as source of DNA for genetic analysis were collected. All biosamples have 

been stored frozen in a biobank to which access is granted to the participating 

research groups.(111)

Questionnaires were sent to all participants around the child’s age of 7, 12, 

and 24 months. At 2 yr of age, children whose parents gave permission to with-

draw blood samples were visited at home. During these home visits a clinical 

examination was performed by the research nurse to establish atopic dermatitis 

using the UK Working Party criteria.(43-45) Furthermore, total and specifi c IgE was 

assessed at age 1 and 2 yr in those infants who received a home visit. 

Home visits for breast milk sampling

From October 2002, participants that were selected for a home visit to collect 

maternal venous blood were also asked to consent to sampling infant’s breast 

milk samples at 1 month post-partum (for measurement of immunologic markers 

and fatty acids; n = 315). Mothers with intention to breastfeed and who agreed 

to participate were asked to inform the investigators as soon as possible after 

their child was born. Home visits to collect a breast milk samples were planned at 

1 month postpartum. 
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AIM OF THIS THESIS

In the present thesis we have studied the role of breastfeeding and its relation 

with atopy development during the fi rst two years of life. Especially, we have 

focussed on the aspects that may clarify the controversies that are reported in 

the literature, addressing both methodological explanations: reverse causation 

(chapter 2), effect modifi cation (chapter 3), and independent effects of duration 

of breastfeeding and introductions of solids (chapter 4); as well as biological 

explanations: immune factors in breast milk (chapter 5) and genetic factors 

(chapter 6). Finally we discuss the main fi ndings of this thesis in the context of the 

current scientifi c knowledge and provide suggestions for future research (chapter 

7).
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ABSTRACT

Objective 

Breastfeeding may have a protective effect on infant eczema. More awareness of 

health promoting effects of breastfeeding could lead to a prolonged or limited 

duration of breastfeeding. Breastfeeding mothers may change their feeding 

habits as a result of symptoms of eczema. Consequently, bias as a result of 

reverse causation may explain the inconsistent results in the infant. We studied 

the association between breastfeeding and eczema taking into account the 

possible infl uence of reverse causation by risk-period specifi c analyses.

Patients and methods 

Information on breastfeeding, determinants and outcomes at age one year was 

collected by repeated questionnaires in 2405 mother-infant-pairs participating in 

the KOALA birth cohort study. Using multivariate logistic regression analysis, we 

compared an overall analysis with risk-period specifi c analyses.

Results 

At the age of 1 year, 535 infants had developed eczema (22.2%). In an overall 

analysis, we found a weak, non-signifi cant, trend towards a reduced risk of 

eczema in the fi rst year of life with increasing duration of breastfeeding (lowest 

risk at ≥ 7 months breastfed versus never breastfed: adjusted odds ratio [aOR] 

0.80; 95% confi dence interval [CI] 0.57-1.12), p for trend =0.13. In the risk-period 

specifi c analysis (confi ned to infants ‘at risk’ for eczema onset after age 3 months), 

no indication for reverse causation was found (results were not very different 

compared to overall analysis (p for trend=0.14). Infants who were breastfed from 

birth on had a slightly increased risk (although not statistically signifi cant) for 

eczema in the fi rst 3 months of life compared to infants who were formula fed 

from birth on (aOR 1.30, 95% CI 0.96-1.77).

Conclusions 

Our results indicate that no strong effect of breastfeeding on eczema in the fi rst 

year of life was present. This conclusion was strengthened by risk-period specifi c 

analysis which made the infl uence of reverse causation unlikely.
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INTRODUCTION

The results of studies addressing the effect of breastfeeding on the development 

of allergic diseases have been controversial so far (1, 2). The discussion of this 

topic revived after several studies reported that breastfeeding appeared as a risk 

factor, instead of a protective factor in the development of allergic diseases (3-6). 

Criteria for improved study design were already proposed by Kramer in 1988 as 

an attempt to solve the inconsistencies (1). Recently, several studies focused on 

other methodological explanations for the inconsistent results (7-10).

Bias may occur as a result of disease-related modifi cation of exposure, a concept 

introduced by Kull et al (7), also known as reverse causation (8) or protopathic 

bias in the literature (11). It is widely known that prolonged breastfeeding has 

many health benefi ts for the child. It is possible that mothers extend their 

breastfeeding if their child has suspected symptoms of eczema (4). On the other 

hand, mothers may also cease breastfeeding because the child has persistence of 

allergic symptoms as a result of sensitization to dietary antigens of the mother’s 

diet that are present in breast milk (12, 13). 

In this study we assess the association between breastfeeding and the develop-

ment of allergic disease in infants aged 1 year avoiding reverse causation by a 

risk-period specifi c analysis.

BREASTFEEDING AND ECZEMA: A RISK-PERIOD SPECIFIC ANALYSIS
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METHODS

Study objects

The KOALA Birth Cohort study is a prospective birth cohort study in the Netherlands. 

Design, inclusion- and exclusion criteria have been described, in detail, elsewhere 

(14). Briefl y, from October 2000 until December 2002 we recruited participants 

with diverse lifestyles (conventional and alternative). Pregnant women with a 

conventional lifestyle (n=2343) were recruited from an ongoing prospective 

cohort study on Pregnancy-related Pelvic Girdle Pain (PPGP) in the Netherlands 

(15). Enrolment of pregnant women aimed at 14-16 weeks of gestation. At 34 

weeks of gestation, PPGP subjects were asked to participate in the KOALA study. 

Additionally, pregnant women with an alternative lifestyle (n=491) were recruited 

through several ‘alternative’ channels: organic food shops, anthroposophic 

doctors and midwifes, Steiner Schools, and magazines. The KOALA study was 

approved by the Ethical Committee of the University Hospital Maastricht and all 

parents signed informed consent for the study.

Data collection

During pregnancy and during the fi rst two years postpartum, information on 

breastfeeding, other determinants and allergic outcome were collected for all 

members of the cohort by repeated questionnaires at 34 weeks of gestation 

and at 3, 7, 12 and 24 months. On date of analysis, the 12 months follow-up was 

completed. In the present study, the presence of all questionnaires at ‘3 months’ 

and ‘7 months’ and ‘1 year’ postpartum was used as a criterion for selecting 

participants to analyze the relationships of interest.

Defi nitions of exposures 

Breastfeeding was categorized (according to timing of our questionnaires) as 

follows; the category ‘never’ serves as the reference category and consisted of all 

infants that never received breastfeeding. All breastfed infants were categorized 

into the following categories according to age at which any breastfeeding was 

quitted: ‘quitted before age 4 months’, ‘4-6 months’ and ‘≥ 7 months’. 

Outcome measurements

Information on the development of eczema (based on ISAAC questions) was 

obtained in the 3, 7 and 12 months questionnaires. For the overall analysis we 
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defi ned ‘eczema in the fi rst year’ based on the 7 and 12 months questionnaires. 

Parents were asked; ‘has your child ever had an itchy rash that was coming and 

going in the past months’? If this question was answered affi rmatively, infants 

were defi ned as having developed eczema in the fi rst year of life. Cases of only 

diaper rash, rash around the eyes and/or scalp scaling were excluded. 

For the risk-period specifi c analyses, we distinguished two risk-periods: ‘0-3 

months’ (cases of eczema started in the fi rst 3 months, including cases that did 

not persist after 3 months) and ‘4+ months’ (cases of eczema started after age 3 

months). 

Defi nitions of confounders

Adjustments were made for the following potential confounders: ‘Age of fi rst 

introduction of solids’, defi ned in periods (after age of 4 months, after age of 5 

months, after age of 6 months, and after age of 7 months) i.e. the period in which 

the infant received any solid food (i.e. dairy, porridge, fruit mash) for the fi rst time, 

gender of infant (boys, girls), recruitment group (conventional cohort, alternative 

cohort), maternal smoking during pregnancy (yes, no), infant’s exposure to ETS 

(environmental tobacco smoke) (yes, no), maternal age at delivery (in years), 

maternal education (primary school, preparatory vocational or lower general 

secondary education [low], vocational education, higher general secondary 

or pre-university education [middle], higher vocatio nal or academic education 

[high]), presence of parental allergic disease i.e. self reported eczema, hay fever, 

house dust (mite) allergy, food and /or asthma (both parents non-allergic, only 

father allergic, only mother allergic, both parents allergic), number of siblings 

(zero siblings, one sibling, two or more siblings) and presence of older allergic 

siblings (no siblings, older allergic sibling(s), older non-allergic sibling(s)).

Statistical methods

Relationships were analyzed using logistic regression, and results are presented 

as odds ratios (OR) with corresponding 95% confi dence intervals (95% CI) and 

were adjusted for potential confounders that were put in the logistic regression 

model simultaneously. Effect modifi cation by recruitment group (conventional or 

alternative), presence of an allergic parent or an allergic sibling was assessed by 

the likelihood ratio test, comparing models with and without interaction terms. In 

order to avoid an infl uence of disease onset on exposure (reverse causation), we did 

risk-period specifi c analyses, considering exposure only before the risk-period.
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RESULTS

Of the 2834 infants enrolled at birth, 2405 parents had completed the three 

questionnaires at infant’s age of 1 year (3 months, 7 months and 12 months post-

partum) i.e. 1941/2343 (83%) participants of the conventional cohort and 464/491 

(95%) participants of the alternative cohort who were eventually included in our 

analyses. The participation rate of KOALA participants recruited from the PPGP 

study was 39%. The response rates of the 3, 7 and 12 months questionnaires were 

94%, 92% and 90% respectively. 

Table 1 shows the baseline characteristics of both recruitment groups combined. 

We noted several differences between both cohorts; mothers in the alternative 

cohort had a higher rate and longer duration of breastfeeding compared to the 

conventional cohort (≥ 7 months: 71% versus 28%, respectively). Also, they 

showed more delay in the age of fi rst introduction of solid foods (> 7 months: 

39% versus 21%, respectively). Other characteristics that differed between the 

alternative cohort and the conventional cohort were maternal smoking during 

pregnancy (yes: <1% versus 8%, respectively), exposure to ETS (< 1% versus 4%, 

respectively), maternal age (mean 34 years versus 32, respectively), maternal 

education (high education: 73% versus 43%, respectively) and the number 

of siblings (≥ 2 siblings: 21% versus 13%, respectively). In all analyses, we 

considered ‘recruitment group’ as a potential effect modifi er for the relationship 

between breastfeeding and eczema. However, we found no signifi cant interaction 

between ‘recruitment group’ and breastfeeding in the logistic regression models 

(p interaction always larger than 0.5). Hence we present all results for the groups 

combined. Also, no interaction between breastfeeding and the presence of an 

allergic parent or an older allergic sibling was found (p always larger than 0.28).
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Table 1

Baseline characteristics (N=2405)

  n* (%)

Breastfeeding  

 Never 358 (15%)

 0-3 months 745 (31%)

 4-6 months 430 (18%)

 ≥ 7 months 872 (36%)

Age of fi rst introduction solid foods, mean (sd) in months 3 (1)  

Gender of infant (number of boys) 1231 (51%)

Maternal smoking (during pregnancy (34 weeks)) 150 (6%)

Infant’s exposure to ETS at age 1 (yes) 88 (4%)

Maternal age (at time of delivery), mean (sd) in years 32 (4) 

Maternal education  

 Low  222 (9%)

 Middle  1009 (42%)

 High 1174 (49%)

Parental allergic disease  

 Both parents non-allergic 1165 (48%)

 Only father allergic 460 (19%)

 Only mother allergic 510 (21%)

 Both parents allergic 270 (11%)

Number of siblings   

 0 siblings 1058 (44%)

 1 sibling 966 (40%)

 2 or more siblings  358 (15%)

Presence of older allergic siblings  

 No siblings 1058 (44%)

 Older non-allergic sibling(s) 947 (39%)

 Older allergic sibling(s) 377 (16%)

* May not add up to the total number because of missing values
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The results of the overall analysis are presented in Table 2. The results show a 

tendency towards a lower risk of eczema in the fi rst year of life associated with 

breastfeeding, but this was not statistically signifi cant. For the risk period ‘4+ 

months’, we only considered eczema cases that started after 3 months and 

combined the exposure categories ‘4-6 months’ and ‘≥ 7 months’ into one category 

‘≥ 4 month’ to avoid reverse causation. The results again show a tendency towards 

a lower risk of eczema developed between 4 and 12 months of life associated with 

breastfeeding, but was neither statistically signifi cant (Table 3).

Table 2

Overall analysis*: ‘Breastfeeding and incidence of eczema in the fi rst year of life’ 

Breastfeeding    Eczema in the fi rst year of life

  N n (%) OR (95% CI) aOR† (95% CI)

Never   358 79 (22%) 1.0 (reference) 1.0 (reference)

0-3 months 745 168 (23%) 1.02 (0.76-1.39) 0.98 (0.71-1.34)

4-6 months 430 100 (23%) 1.07 (0.77-1.50) 0.94 (0.66-1.34)

≥ 7 months 872 188 (22%) 0.97 (0.72-1.31) 0.80 (0.57-1.12)

    Ptrend                0.76                   0.13

Total  2405 535 (22%)

OR  (unadjusted) Odds Ratio

aOR Adjusted Odds Ratio

CI confi dence interval

* All infants were included in the analysis

† Adjusted for: age of fi rst introduction of solid foods, gender, recruitment group, maternal smoking 

during pregnancy, infant’s exposure to Environmental Tobacco Smoke (ETS), maternal age, maternal 

education, parental allergic disease, number of siblings, presence of older allergic siblings
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Table 3

Period specifi c (4+ months) analysis*: ‘Breastfeeding and incidence of eczema between 4-12 

months’

Breastfeeding    Eczema between 4-12 months

 N n (%) OR (95% CI) aOR† (95% CI)

Never  578 79 (14%) 1.0 (reference) 1.0 (reference)

0-3 months 1019 126 (12%) 1.00 (0.68-1.46) 0.98 (0.66-1.46)

≥ 4 months 578 79 (14%) 0.84 (0.59-1.20) 0.77 (0.52-1.15)

   Ptrend                   0.22                    0.14

Total 1891 246 (13%)    

OR  (unadjusted) Odds Ratio

aOR Adjusted Odds Ratio

CI confi dence interval

* Incidence of eczema in risk period of 4-12 months i.e. excluding infants with onset of eczema after 

age 3 months

† Adjusted for: age of fi rst introduction of solid foods, gender, recruitment group, maternal smoking 

during pregnancy, infant’s exposure to Environmental Tobacco Smoke (ETS), maternal age, maternal 

education, parental allergic disease, number of siblings, presence of older allergic siblings

Subsequently, the effect of starting breastfeeding on early development of eczema 

(‘0-3 months’; n=514) was analyzed, namely those infants that were excluded 

in the risk-period (4+ months) specifi c analysis mentioned above. A slightly 

higher risk of early eczema was found between breastfed from birth on (ever 

breastfed) versus infants who were formula fed from birth on (never breastfed), 

but this was not statistically signifi cant (early eczema in ever breastfed infants 

(450/2047=22.0%) versus never breastfed (64/358=17.9%); adjusted odds ratio 

[aOR] 1.30, 95% confi dence interval [CI] 0.96-1.77). Notably, the risk of infants 

whose mothers attempted breastfeeding but could not establish it (breastfeeding 

< 4 weeks, 22% cases of eczema), did not essentially change from those who 

managed breastfeeding > 4 weeks but ceased before age 4 months (23% cases 

of eczema).
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DISCUSSION

In the present study we found no association between breastfeeding and the 

development of eczema in the fi rst year of life. We found a tendency towards a lower 

risk of eczema that started from age 4 months and, on the contrary, a tendency 

for a higher risk of early eczema, but both were not statistically signifi cant. When 

comparing the overall analysis and the risk-period (4+ months) specifi c analysis, 

the results were not very different. Therefore we conclude that there was no 

substantial reverse causation. An advantage of our study is the relatively short 

time intervals between subsequent follow-up questionnaires, which makes the 

infl uence of recall bias less likely. Follow-up rates were high which limits the 

possibility of differential bias regarding baseline characteristics or outcomes. 

However, families with allergic complaints tend to be over-represented in studies 

on etiology of atopy. The difference between the participants and non-participants 

may be explained by self selection, because people with a positive family history 

of allergic disease tend to be more interested in participating in a study on 

health related topics. Also, participants in the KOALA study had more intention to 

breastfeed than non-participants (14). Relative risk associations are however not 

biased to our opinion, since relative risks are based upon proportions and not on 

absolute numbers.

Two other studies also found no relationship between breastfeeding and eczema 

(16, 17). Other observational studies and a meta analysis have found a protective 

effect between duration of breastfeeding and eczema (8, 18-23). Some studies 

even found breastfeeding to be a risk factor for the development of eczema (3, 4, 

6). For example, Bergmann et al showed that the prevalence of atopic eczema in 

the fi rst seven years increased with 3% by each additional month of breastfeeding 

(4). However, they suggested that it could not be ruled out that their results were 

infl uenced by reverse causation. The idea that early atopic symptoms infl uence 

the duration of breastfeeding was recently demonstrated by Lowe et al (24). 

Reverse causation could be an explanation for the inconsistent results between 

different studies (4, 7-9). Also, reverse causation may be more likely to be evident 

in the relationship between exclusive breastfeeding and risk of developing 

eczema. Recently, Zutavern et al put forward that reverse causation is a relatively 

new problem because in older studies the public awareness of health promoting 

effects of breastfeeding was smaller (9). 
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Two solutions have been proposed in the literature to avoid reverse causation. 

First, survival analysis (Cox regression) is a suitable method to consider only 

breastfeeding before the appearance of eczema (17). However, survival analysis 

requires the data on the exact onset of eczema in small time intervals, which 

many studies lack. Second, it can be avoided by excluding infants with onset 

of disease during lactation (7, 9, 25). This is equivalent to a risk-period specifi c 

analysis confi ned to infants at risk (this avoiding overlap between exposure and 

disease outcome). Such an analysis has the additional advantage that it keeps 

track of infants with early symptoms (such as the infants with early eczema in our 

study).

In the present study, the results of such a risk-period specifi c analysis did not 

change substantially compared to the overall analysis. To our opinion, we have 

demonstrated that our main fi nding (breastfeeding does not infl uence the risk of 

eczema in the fi rst year of life), is unlikely to be biased by reverse causation. In 

addition, we examined more specifi cally all infants with reported eczema in the 

fi rst three months (i.e. those infants with early symptoms that were excluded in the 

risk-period (4+ months) specifi c analysis). Infants that were ever breastfed had a 

slightly increased risk (although not statistically signifi cant) for eczema at the age 

of 3 months compared to completely formula fed infants (from birth). With regard 

to this fi nding, our analysis did not address both the duration of breastfeeding 

and the onset of eczema. To avoid reverse causation, the discrimination between 

starting breastfeeding versus formula feeding from birth is the only useful 

comparison. Namely, no overlap occurs between exposure immediately after 

birth and onset of disease. In other words, since the disease is not yet present 

immediately after birth, the choice of the feeding regiment immediately after 

birth cannot be biased by disease. 

In conclusion, we found no strong evidence for a protective effect of breastfeeding 

and eczema in the fi rst year of life. We believe that our results were strengthened 

by avoiding reverse causation as a potential bias. Controlling for reverse causation 

can be accomplished by risk-period specifi c analyses in which only exposure 

before the risk-period is taken into account. Our fi ndings do not necessarily 

mean that reverse causation will be absent in other study populations where 

the presumed protective effect of breastfeeding is more widely advocated. Thus, 

in studies addressing the controversial relationship between breastfeeding 
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duration and the development of allergic diseases, exploring reverse causation is 

a prerequisite to retrieve results with a minimum chance of bias. 
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ABSTRACT

Objective 

To investigate potential effect modifi cation by maternal allergic status on the 

relation between breastfeeding duration and infant atopic manifestations in the 

fi rst two years of life.

Study design 

Data from 2705 infants of the KOALA Birth Cohort Study (The Netherlands) were 

analyzed. Data was collected by repeated questionnaires at 34 weeks of gestation, 

3, 7, 12 and 24 months postpartum. Total and specifi c IgE measurements were 

done in venous blood collected during home visits at age 2 years. Relationships 

were analyzed using logistic regression analyses.

Results 

Longer duration of breastfeeding was associated with a lower risk for eczema in 

infants of mothers without allergy or asthma (ptrend 0.01) and slightly in mothers 

with allergy but no asthma (ptrend 0.14). For asthmatic mothers, there was no 

such association (ptrend 0.87). Longer breastfeeding duration lowers the risk on 

recurrent wheeze independent of maternal allergy (ptrend = 0.02) or asthma status 

(ptrend = 0.06).

Conclusion 

Our fi ndings show that only the relationship between breastfeeding and infant 

eczema in the fi rst two years of life may be modifi ed by maternal allergic status. 

The protective effect of breastfeeding on recurrent wheeze may be the result of 

protection against respiratory infections.
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INTRODUCTION

The role of breastfeeding in allergic disease is still a matter of debate. The postulated 

protective effect of breastfeeding may act through several mechanisms. One 

possible mechanism is through the exclusion of potentially allergic components, 

like cow’s milk or food products introduced in the infant’s diet. Alternatively, 

breastfeeding provides the infant with immunomodulatory, anti-infl ammatory, 

nutritional, or other components present in human breast milk.

Methodological fl aws in study design have been proposed as an explanation for 

inconsistent results. Of special interest in the current literature, is the question 

whether the relationship between breastfeeding and allergic disease can be 

modifi ed by maternal constitution. Previously, Wright et al showed higher IgE 

levels in breastfed versus never breastfed children, among children of mothers 

with high IgE levels (1). A Bavarian farmers’ study found an increased risk for 

doctor-diagnosed asthma related to breastfeeding in children whose mothers had 

asthma themselves (2). Among children of asthmatic mothers, longer exclusive 

breastfeeding was found to be associated with a higher risk of asthma, but 

asthma was unrelated to feeding status for children without maternal asthma (3). 

In contrast, in an Australian study, exclusive breastfeeding was associated with a 

statistically signifi cant lower risk of asthma which was independent of maternal 

asthma and the child’s atopic status (4).

In the present study we examined whether maternal allergy or asthma status 

is an effect modifi er in the relation between breastfeeding duration and the 

development of infant atopic manifestations (eczema, recurrent wheeze) in the 

fi rst two years of life. Also, we studied the relations between breastfeeding 

duration and infants increased total IgE levels and allergic sensitization at age 

two, in mothers with and without increased total IgE levels or sensitization.
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METHODS

Study population

Study subjects are mother-infant pairs previously enrolled in the KOALA Birth 

Cohort Study during the years 2000-2002 (5). At 34 weeks of gestation, we recruited 

participants with diverse lifestyles (conventional and alternative). Pregnant women 

with a conventional lifestyle (n=2343) were recruited from an ongoing prospective 

cohort study on Pregnancy-related Pelvic Girdle pain in the Netherlands. Additionally, 

pregnant women with an alternative lifestyle (n=491) were recruited through several 

‘alternative’ channels: organic food shops, anthroposophic doctors and midwives, 

Steiner Schools, and magazines. The study was approved by the ethics committee 

of Maastricht University and all parents signed written informed consent.

Data collection

During pregnancy and during the fi rst two years of life, information on breast feeding, 

other determinants and atopic manifestations was collected for all members of 

the cohort by repeated questionnaires at 34 weeks of gestation and at 3, 7, 12 and 

24 months. Home visits at age 2 years started from September 2004 onwards in 

order to collect blood samples and for clinical examination of the infants by trained 

nurses, using UK Working Party (UK-WP) Criteria. All infants of participants (n=2834) 

with a completed informed consent and the presence of the fi rst questionnaire (34 

weeks of gestation) were included. We excluded infants with congenital diseases 

known to be related to immune development, such as Down’s syndrome and those 

with missing information on the main determinant breastfeeding.

Breastfeeding exposure 

Breastfeeding was categorized into the following categories, according to the age 

at which breastfeeding was quitted: ‘never breastfed’ (reference category); ‘0-3 

months’; ‘4-6 months’; ‘7-9 months’ and ‘> 9 months’.

Maternal allergic history

In order to study effect modifi cation by maternal allergy or asthma on the relation-

ship between breastfeeding duration and infant eczema and recurrent wheeze, 

we defi ned 3 strata: (1) no maternal allergy or asthma, (2) maternal allergy, no 

asthma; defi ned as self reported doctor’s diagnosed eczema, allergy for house 

dust mite/pets, or allergic rhino conjunctivitis (such as hayfever), (3) maternal 
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asthma; defi ned as self reported doctor’s diagnosed asthma, irrespective of 

other allergic diseases. Maternal increased total IgE levels and/or sensitization 

were both defi ned as present (yes/no). 

Infant atopic manifestations

‘Eczema (by questionnaires, adapted from ISAAC)’: In the 7, 12 and 24 months 

postpartum questionnaires, parents were asked; ‘has your child ever had an 

itchy rash that was coming and going in the past months’? If this question was 

answered affi rmatively at least once, infants were defi ned as having developed 

eczema in the fi rst two years of life. Cases of only diaper rash, rash around the 

eyes and/or scalp scaling were excluded. 

‘Atopic Dermatitis according to UK Working Party criteria’: To specify eczema re-

ported by parents as described above, we defi ned atopic dermatitis according to 

UK-WP criteria (6) for all infants who were visited at home at age 2 years. In this 

study, infants with a UK-WP probability score of atopic dermatitis (AD) > 0.9 were 

regarded as infants with ‘probable presence of atopic dermatitis’.

‘Recurrent wheezing in the fi rst two years of life’ was defi ned as reported presence 

of wheezing with at least 4 attacks between 0-7 months, mentioned in the 7 months 

postpartum questionnaire and/or between 7-12 months of life, mentioned in the 

12 months postpartum questionnaire and/or between 13-24 months, mentioned 

in the 24 months postpartum questionnaire. 

Measurements and defi nitions of allergic sensitization (mother and infant) 

Maternal venous blood samples were obtained during home visits at 34-36 weeks 

of gestation. Infants’ venous blood samples were obtained during home visits at 

2 years post partum. Total IgE levels were analyzed as described earlier (7, 8). For 

values < 150 IU/ml a sandwich RIA was used (7), for values >150 IU/ml a competitive 

RIA (8). All blood samples were analyzed for specifi c IgE against hen’s eggs, cow’s 

milk, peanuts, birch, grass pollen, cat, dog and house dust mite using RAST as 

described earlier (8). Calculation was performed by means of a standard curve 

that was obtained by RAST with a dilution series of a chimeric monoclonal IgE 

antibody against the major allergen Der p 2 and Sepharose-coupled recombinant 

Der p 2 (9). The detection limits for total and specifi c IgE were 0.50 IU/ml and 0.10 

IU/ml, respectively. High maternal total IgE was arbitrarily defi ned as total IgE 

level > 100 IU/ml. High total IgE for infants was arbitrarily defi ned as total IgE level 

> 10 IU/ml. Mother and infants were considered to be sensitized if specifi c serum 
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IgE-levels were > 0.3 IU/ml against at least one of the tested food or inhalant 

allergens.

Statistical analyses

Relationships were analyzed using logistic regression, and results are presented 

as unadjusted odds ratios (OR) and adjusted odds ratios (ORadj) with corresponding 

95% confi dence intervals (95% CI). All potential confounders were simultaneously 

included in the logistic regression model in order to adjust the analyses. Potential 

confounders were: the age at introduction of cow’s milk products defi ned as: 

artifi cial formulas (including hypoallergenic formulas), (raw) milk, porridge, yoghurt 

and other dairy products categorized according to the age at fi rst introduction as: 

‘0-3 months’, ‘4-6 months’, ‘7-9 months’, ‘after age 9 months’; the age at introduction 

of other food products (like fruit mash), categorized according to the age at fi rst 

introduction as: ‘0-3 months’, ‘4-6’ months’, ‘after age 7 months’. Other potential 

confounders were: gender of infant (boys, girls); recruitment group (conventional, 

alternative lifestyle); antibiotic medication (yes, no); maternal smoking during 

pregnancy (yes, no); infant’s exposure to environmental tobacco smoke (ETS) (yes, 

no); maternal age at delivery; maternal education (primary school, preparatory 

vocational or lower general secondary education [low], vocational education, 

higher general secondary or pre-university education [middle], higher vocational or 

academic education [high]); presence of paternal allergic disease (yes, no); number 

of siblings (no siblings, one sibling, two or more siblings); and presence of older 

allergic siblings (no siblings, older allergic sibling(s), older non-allergic sibling(s)). 

In order to assess whether our results were prone to reverse causation (by intro-

ducing hypoallergenic formulas after the development of eczema) we explored 

the use of hypoallergenic formulas associated with atopic manifestations. For the 

test for trend, we repeated the logistic regression analyses with the categories 

of breastfeeding duration (coded as 1 to 5) as a continuous variable in the 

logistic regression analyses, again adjusting for all potential confounders. Effect 

modifi cation by recruitment group was assessed by using the likelihood ratio 

test, comparing models with and without interaction terms.

RESULTS

Of the 2834 infants enrolled at birth, three infants were excluded because of 
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Down’s syndrome and 126 because of missing information on breastfeeding, 

leaving 2705 infants for the present study. The response rate of the questionnaire 

at age two years was 93% (n=2516). Home visits at age 2 years were made in 818 

infants. Most infants were breastfed (85%, n=2287). Mothers in the alternative 

recruitment group had a higher rate and a longer duration of breastfeeding 

compared to the conventional recruitment group (Table 1). Also, they showed 

more delay in the age at introduction of cow’s milk products (Table 1). Other 

characteristics that differed between both groups were maternal age, maternal 

smoking during pregnancy, environmental tobacco smoking, maternal education, 

number of siblings, and antibiotic medication use (Table 1).

Table 1

Baseline characteristics in both recruitment groups 

 CONVENTIONAL ALTERNATIVE TOTAL

 (N=2229) (N=476) (N=2705)

Breastfeeding, n (%)

 Never 407 (18%) 11 (2%) 418 (16%)

 0-3 months 913 (41%) 64 (13%) 977 (36%)

 4-6 months 357 (16%) 71 (15%) 428 (16%)

 7-9 months 285 (13%) 115 (24%) 400 (15%)

 > 9 months 267 (12%) 215 (45%) 482 (18%)

Age at introduction of cow’s milk products, n (%)

 0-3 months 1016 (46%) 51 (11%) 1067 (39%)

 4-6 months 615 (29%) 137 (29%) 788 (29%)

 7-9 months 459 (21%) 242 (51%) 701 (26%)

 > 9 months 46 (2%) 28 (6%) 74 (3%)

 Unknown 57 (3%) 18 (4%) 75 (3%)

Use of hypoallergenic formulas, n (%)

 Yes 163 (7%) 22 (5%) 185 (7%)

Age at introduction of other foods products, n (%)

 Age 3 months 178 (8%) 20 (4%) 198 (7%)

 4-6 months 1846 (83%) 411 (86%) 2257 (83%)

 ≥ 7 months 48 (2%) 27 (6%) 75 (3%)

 Unknown 157 (7%) 18 (4%) 175 (7%)

▼
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Table 1 continued

 CONVENTIONAL ALTERNATIVE TOTAL

 (N=2229) (N=476) (N=2705)

Gender of infants, no of boys (%) 1133 (51%) 240 (50%) 1373 (51%)

Maternal age in years, mean (sd)  31 (4) 34 (4) 32 (4)

Maternal smoking during pregnancy, n (%) 189 (9%) 3 (1%) 192 (7%)

Environmental tobacco smoking (ETS), n (%) 110 (5%) 2 (<1%) 112 (4%)

Maternal Education, n (%)

 Low 256 (12%) 18 (4%) 274 (10%)

 Middle 857 (39%) 83 (17%) 940 (35%)

 High 993 (45%) 362 (76%) 1355 (50%)

 Unknown 123 (6%) 13 (3%) 136 (5%)

Parental allergic disease, n (%)

 Both parents non-allergic 878 (40%) 186 (40%) 1064 (39%)

 Only father allergic 460 (21%) 110 (23%) 570 (21%)

 Only mother allergic 496 (22%) 105 (22%) 601 (22%)

 Both parents allergic 288 (13%) 69 (15%) 357 (13%)

 Unknown 107 (5%) 6 (1%) 113 (4%)

Number of siblings, n (%)

 0 siblings 1804 (81%) 369 (78%) 2173 (80%)

 1 sibling 286 (13%) 81 (17%) 367 (14%)

 2 or more siblings  42 (2%) 22 (5%) 64 (2%)

 Unknown 97 (4%) 4 (1%) 101 (4%)

Presence of older allergic siblings, n (%)

 No siblings 1804 (81%) 369 (78%) 2173 (80%)

 Older non-allergic sibling(s) 249 (13%) 71 (15%) 320 (12%)

 Older allergic sibling(s) 85 (2%) 35 (7%) 120 (4%)

 Unknown 91 (4%) 1 (<1%) 92 (3%)

Infant’s use of antibiotics, n (%)

 Yes  430 (19%) 56 (12%) 486 (18%)

 Unknown 187 (8%) 15 (3%) 202 (8%)

* Numbers may not add up total, because of missing values
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Infants receiving hypoallergenic formulas at any time between birth and age 3 

months (n=185) showed a higher risk of eczema in the fi rst two years of life than 

infants given non-hypoallergenic formula feeding (unadjusted OR: 1.81; 95% CI: 

1.31-2.49) even when adjusting for all potential confounders (adjusted OR: 1.97; 

95% CI: 1.30-3.00). Since these results may be explained by reverse causation (i.e. 

hypoallergenic formulas were introduced after the development of eczema), we 

excluded the participants who introduced hypoallergenic formulas (0-3 months) 

from all subsequent analyses.

Overall, longer breastfeeding duration showed a statistically significant trend 

towards a lower risk of eczema (p for trend=0.03, adjusted for confounders). 

Longer duration of breastfeeding was associated with a statistically significant 

lower risk for eczema in infants of mothers without allergy or asthma (p for 

trend 0.01, Table 2). In mothers with allergy but no asthma the results tended 

in the same direction, but were not statistically significant (p for trend 0.14, 

Table 2). For asthmatic mothers, there was no (inverse) association between 

breastfeeding duration and infant eczema (p for trend 0.87, Table 2). There 

was no association between breastfeeding duration and atopic dermatitis 

according to UK-WP Criteria (n=866; number of cases: 117) neither in the over-

all analysis, nor in the three different maternal strata (results not shown, p for 

trend > 0.05). 

Longer breastfeeding duration was associated with a lower risk for recurrent 

wheeze in infants of mothers with no allergy or asthma (p for trend 0.02), with 

allergy but no asthma (p for trend 0.02), and with asthma (p for trend 0.06). The 

breastfeeding category 7-9 months showed the lowest risk of infant recurrent 

wheeze in all groups i.e. OR 0.11, 95% CI 0.02-0.70 (Table 2).

MATERNAL ALLERGIC STATUS AS POTENTIAL EFFECT MODIFIER



56

Table 2

Associations between breastfeeding duration and the development of infant eczema and 

recurrent wheeze during the fi rst two years of life according to presence of allergy and/or 

asthma in the mother 

 INFANT ECZEMA 

Maternal status N  n (%) OR (95% CI) ORadj (95% CI)* 

No allergy, no asthma     

BF Never 231 61 (26%) 1.00 1.00 

 0-3 months 494 132 (27%) 1.02 (0.71-1.45) 0.90 (0.61-1.31) 

 4-6 months 259 70 (27%) 1.03 (0.69-1.54) 0.71 (0.42-1.20) 

 7-9 months 245 74 (30%) 1.21 (0.81-1.80) 0.69 (0.40-1.19) 

 > 9 months 309 75 (24%) 0.89 (0.60-1.32) 0.51 (0.29-0.89) 

                        P for trend                           0.83                         0.01 

Maternal allergy, no asthma     

BF Never 87 27 (31%) 1.00 1.00 

 0-3 months 215 71 (33%) 1.10 (0.64-1.87) 0.90 (0.52-1.57) 

 4-6 months 111 43 (39%) 1.41 (0.78-2.54) 0.86 (0.43-1.71) 

 7-9 months 114 42 (37%) 1.30 (0.72-2.34) 0.68 (0.34-1.38) 

 > 9 months 125 46 (37%) 1.29 (0.72-2.32) 0.63 (0.31-1.29) 

                        P for trend                           0.28                         0.14 

Maternal asthma     

BF Never 27 7 (26%) 1.00 1.00 

 0-3 months 75 28 (37%) 1.70 (0.64-4.53) 1.39 (0.51-3.78) 

 4-6 months 36 15 (42%) 2.04 (0.69-6.05) 1.40 (0.44-4.42) 

 7-9 months 37 12 (32%) 1.37 (0.46-4.13) 0.70 (0.22-2.27) 

 > 9 months 42 22 (52%) 3.14 (1.10-9.00) 1.67 (0.53-5.21) 

                        P for trend                           0.08                        0.87 

may not add up to total numbers because of missing values

BF breastfeeding

OR unadjusted Odds Ratio

ORadj adjusted Odds Ratio
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INFANT RECURRENT WHEEZE

N  n (%) OR (95% CI) ORadj (95% CI)*

     

167 25 (15%) 1.00 1.00 

353 55 (16%) 1.05 (0.63-1.75) 1.11 (0.62-2.00)

198 24 (12%) 0.78 (0.43-1.43) 0.84 (0.36-1.95)

194 11 (6%) 0.34 (0.16-0.72) 0.37 (0.14-1.00)

247 17 (7%) 0.42 (0.22-0.80) 0.43 (0.16-1.11)

                        0.00               0.02

     

67 15 (22%) 1.00 1.00

139 22 (16%) 0.65 (0.31-1.36) 0.56 (0.25-1.23)

84 13 (16%) 0.63 (0.28-1.45) 0.44 (0.16-1.26)

89 6 (7%) 0.25 (0.09-0.69) 0.18 (0.05-0.61)

101 10 (10%) 0.38 (0.16-0.91) 0.32 (0.10-1.00)

                         0.01                 0.02

     

16 5 (31%) 1.00 1.00

47 13 (28%) 0.84 (0.24-2.89) 0.40 (0.10-1.51)

24 7 (29%) 0.91 (0.23-3.58) 0.48 (0.10-2.32)

24 3 (13%) 0.31 (0.06-1.57) 0.11 (0.02-0.70)

35 6 (17%) 0.46 (0.12-1.80) 0.22 (0.04-1.09)

                         0.01               0.06

* Based on logistic regression analysis adjusted for: the age at introduction of cow’s milk products, 

the age at introduction other food products, gender of infant, recruitment group, infant’s use of 

antibiotics, maternal smoking during pregnancy, infant’s exposure to environmental tobacco smoke 

(ETS), maternal age at delivery, maternal education, presence of paternal allergic disease, number of 

siblings and presence of older allergic siblings.
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Duration of breastfeeding did not infl uence the risk of high total IgE levels, 

either in infants of mothers who had themselves increased total IgE levels, nor in 

mothers with normal IgE levels (Table 3). Also, we found no association between 

breastfeeding duration and infant sensitization in infants of mothers with or 

without sensitization (Table 3).

Table 3

Associations between breastfeeding duration and infant increased total IgE and sensitization 

at age 2 years, according to presence of increased total IgE / sensitization in the mother

 INFANT INCREASED TOTAL IgE 

Maternal status N n (%) OR (95%CI) ORadj (95%CI) 

Maternal total IgE ≤ 100 IU/mL     

BF Never 68 24 (35%) 1.00 1.00 

 0-3 months 150 70 (47%) 1.60 (0.89-2.90) 1.81 (0.95-3.46) 

 4-6 months 124 75 (61%) 2.81 (1.52-5.19) 2.34 (0.93-5.93) 

 7-9 months 117 63 (54%) 2.14 (1.16-3.96) 1.71 (0.65-4.45) 

 > 9 months 142 85 (60%) 2.73 (1.50-4.98) 1.80 (0.67-4.82) 

                     P for trend                         0.00                         0.65 

Maternal total IgE > 100 IU/mL     

BF Never 21 10 (48%) 1.00 1.00 

 0-3 months 37 20 (54%) 1.29 (0.44-3.78) 1.34 (0.43-4.19) 

 4-6 months 18 11 (61%) 1.75 (0.49-6.30) 1.49 (0.34-6.64) 

 7-9 months 29 15 (52%) 1.19 (0.39-3.68) 0.88 (0.22-3.45) 

 > 9 months 23 19 (83%) 5.21 (1.32-20.67) 4.66 (0.94-23.18) 

                     P for trend                                          0.05                          0.31 

may not add up to total numbers because of missing values

BF breastfeeding

OR unadjusted Odds Ratio

OR
adj

 adjusted Odds Ratio
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INFANT SENSITIZATION

  N n (%) OR (95%CI) ORadj (95%CI)

No maternal sensitization    

 Never 52 11 (21%) 1.00 1.00 

 0-3 months 97 23 (24%) 1.35 (0.56-3.25) 1.35 (0.53-3.43)

 4-6 months 81 26 (32%) 1.52 (0.60-3.82) 2.03 (0.60-6.88)

 7-9 months 74 17 (23%) 1.80 (0.74-4.39) 2.72 (0.80-9.25)

 > 9 months 91 22 (24%) 0.98 (0.39-2.48) 1.59 (0.45-5.66)

                     P for trend                          1.00        0.80

Maternal sensitization    

 Never 35 9 (26%) 1.00 1.00 

 0-3 months 88 28 (32%) 1.16 (0.51-2.61) 1.35 (0.57-3.18)

 4-6 months 61 21 (34%) 1.76 (0.78-3.97) 2.86 (0.91-8.92)

 7-9 months 73 28 (38%) 1.11 (0.47-2.62) 1.91 (0.58-6.25)

 > 9 months 71 18 (25%) 1.19 (0.52-2.70) 2.39 (0.72-7.96)

                      P for trend                         0.85                       0.50

* Based on logistic regression analysis adjusted for: the age at introduction of cow’s milk products, 

the age at introduction other food products, gender of infant, recruitment group, infant’s use of 

antibiotics, maternal smoking during pregnancy, infant’s exposure to environmental tobacco smoke 

(ETS), maternal age at delivery, maternal education, presence of paternal allergic disease, number of 

siblings and presence of older allergic siblings.
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The differences between the odds ratios of unadjusted and adjusted analyses 

(Table 2) were the result of strong confounding effects of a positive paternal 

history of allergic disease, the age at introduction of cow’s milk and other food 

products and infant use of antibiotics.

DISCUSSION

In this study, we found that longer duration of breastfeeding was associated with 

a decreased risk for recurrent wheeze in the fi rst two years of life, regardless of 

the allergic history of the mother. Moreover, longer duration of breastfeeding 

was associated with a decreased risk of eczema (by questionnaire) in infants 

of mothers without allergy or asthma. If atopic dermatitis according to UK-WP 

Criteria, increased total IgE levels or sensitization, were taken as outcomes, no 

associations with breastfeeding duration were found.

Overall, our results for eczema provide evidence for a protective effect of breast-

feeding. We found a protective effect of breastfeeding duration and eczema in 

the fi rst two years of life in mothers without allergy or asthma, that was less clear 

in mothers with ‘allergy but no asthma’ and absent in mothers with ‘maternal 

asthma’.

These fi ndings imply effect modifi cation by maternal allergic status for the 

relation  ship between breastfeeding and infant eczema. Nevertheless, these 

results need to be interpreted with caution because only mothers without allergy 

or asthma who breastfed for >9 months showed a statistically signifi cant lower 

risk for eczema in the fi rst two years of life. In addition, the different results in the 

3 maternal strata may be explained by different reporting behaviour on symptoms 

of infant eczema between mothers with or without allergy and/or asthma. 

Infants’ eczema and sensitization were considered as separate outcome para-

meters instead of atopic eczema because sensitized infants do not necessarily 

show symptoms of eczema or vice versa (10). Consequently, we use the term 

eczema instead of atopic eczema. On the other hand, we use the term ‘atopic 

dermatitis’ for infants fulfi lling the UK-WP criteria according to the criteria of 

Williams et al (6). The associations between breastfeeding and eczema could 
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not be confi rmed by our results on atopic dermatitis according to UK-WP Criteria. 

We speculate that breastfeeding is only associated with a milder eczematous 

condition which has already disappeared at the time of the home-visit. Another 

explanation for these discrepant fi ndings is that the UK-WP criteria included 

specifi c predilection sites of atopic dermatitis (fl exural involvement) (6), 

whereas the questionnaire data were based on the presence of an itchy rash 

anywhere (except diaper rash, rash around eyes and scalp scaling), and thus 

may include non-atopic eczema.

Wright et al (3) found an increased risk for asthma and wheeze in breastfed 

versus never breastfed children whose mothers had asthma themselves. 

Interestingly, the same authors also reported higher IgE levels in breastfed 

versus never breastfed children, among children of mothers with high IgE levels 

(1). In the present study, we found no effect of breastfeeding on high total IgE 

levels in infants of mothers with or without high total IgE levels. Hence our results 

provide no evidence that maternal total IgE levels modifi es the relation between 

breastfeeding and infants’ increased total IgE levels. Also, we found no effect of 

breastfeeding on sensitization in the infants of both mothers with and without 

sensitization, suggesting no effect modifi cation by maternal sensitization. We 

conclude that maternal atopic status is not a major effect modifi er of the effect 

of breastfeeding on infants’ atopic manifestations. However, it should be noted 

that total and specifi c IgE levels are only weakly associated with atopic eczema 

and wheeze (10). Allergic sensitization may not be a prerequisite for childhood 

eczema (11). An Australian study also showed no statistical interaction between 

breastfeeding and maternal asthma status for the risk of asthma in childhood 

(4).

Our results indicate that longer breastfeeding duration protects against recurrent 

wheeze irrespective of maternal allergic status. Wright et al (12) followed infants 

during regular visits to a health maintenance organization. In the fi rst 4 months 

of life, any breastfeeding was associated with a decreased incidence of wheezing 

illnesses. Another study showed that breastfeeding ≥ 6 months was slightly 

protective against transient wheezing, whereas it was a moderate risk factor for late 

onset wheezing (13). Wheezing in young children may represent a heterogeneous 

group of conditions (14). It is a relatively common symptom in infancy and not 

all wheezing will necessarily become asthma in later life. We propose that our 
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fi ndings on recurrent wheeze actually refl ect that breastfeeding protects against 

respiratory infections in early childhood. Indeed, infections have been found to 

be related with wheezing symptoms. For instance, Lemanske et al (15) shows that 

in the fi rst year of life, in 78% a virus could be found during a wheezing episode 

in severe wheezers. During a wheezing episode of mild wheezers, this percentage 

was still 63%. Previously, Chantry et al (16) found that full breastfeeding for ≥6 

months provided more protection against respiratory tract infection than full 

breastfeeding for >4 but <6 months.

There are several reasons why effect modifi cation by maternal allergic status 

is important to address. First, it has been stated that a lack of stratifi cation by 

maternal asthma and allergic predisposition in the child may have obscured how 

the relationship between breastfeeding and atopic manifestations changes with 

the child’s age and atopic status (17). Second, the milk composition between 

allergic and non-allergic mothers may differ in such a way that it affects atopic 

manifestation in the child (3). Not only cytokines, but also differences in long 

chain polyunsaturated fatty acids levels may differ between atopic and non-atopic 

mothers (18, 19, 20).

Taken together, we demonstrated that only the relationship between breastfeeding 

and infant eczema in the fi rst two years of life may be modifi ed by maternal 

allergic status since a protective effect of breastfeeding duration on eczema 

seemed mainly true for mothers without allergy or asthma, after adjustment 

for confounders including the age at introduction of cow’s milk or other food 

products. The protective effect of breastfeeding against recurrent wheeze was 

irrespective of maternal allergic status and we speculate that these results may 

refl ect protection against respiratory illness.
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ABSTRACT

Background 

Scientifi c evidence is scarce about timing of solid food introduction and its 

association with the development of atopy. We aimed to evaluate any associations 

between the introduction of cow’s milk products / other solid food products and 

infant atopic manifestations in the second year of life, taking into account reverse 

causation. 

Methods 

Data from 2558 infants of an ongoing prospective birth cohort study in the 

Netherlands were analyzed. Data on the main determinants (introduction of cow’s 

milk products and other food products), outcomes (eczema, Atopic Dermatitis (UK 

Working Party Criteria), recurrent wheeze, any sensitization, sensitization against 

respectively: cow’s milk, henn’s egg, peanut and at least 1 inhalent allergen) and 

confounders were collected by repeated questionnaires on 34 weeks of gestation, 

3, 7, 12 and 24 months postpartum. Information on sensitization was gathered by 

venous blood collections performed during home visits at age 2. Analyses were 

done by multiple logistic regression analyses. 

Results 

More delay in introduction of cow’s milk products was associated with a higher 

risk of eczema (p trend 0.01). In addition, a delayed introduction of other food 

products was associated with an increased risk of atopy development at the age 

of two years (eczema (p trend 0.02), atopic dermatitis by UK-WP (p trend 0.00), 

recurrent wheeze (p trend 0.01), any sensitization (p trend 0.01) and sensitization 

against at least 1 inhalant allergen (p trend 0.00)). Exclusion of infants with early 

symptoms of eczema and recurrent wheeze (in order to avoid reverse causation) 

did not essentially change our results.

Discussion 

Delaying the introduction of cow’s milk or other food products may not be 

favourable in preventing the development of atopy. 
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INTRODUCTION

The prevalence of atopic manifestations has increased worldwide, especially 

in children (1). Symptoms are most common in Western countries i.e. about 

one third of the children in western societies show symptoms (2). Possible 

approaches to allergy prevention may include a wide variety of measures 

including: maternal dietary restriction during pregnancy, breastfeeding, dietary 

restrictions while breastfeeding, the use of hypoallergenic formulas, and delays 

in the introduction of certain foods into the infant’s diet (3). Among these 

possible approaches, delaying the introduction of solid foods into the infant’s 

diet is one of the most commonly recommended (4). The age when solid foods are 

introduced to infants has varied greatly during the last century (5). In 2001, the 

World Health Organization (WHO) issued a revised global recommendation that 

mothers should exclusively breastfeed until 6 months of age (6). The American 

Academy of Pediatrics suggest that solids should be delayed until 6 months of 

age, but cow’s milk to 1 year, egg to 2 years, and peanuts, tree nuts and fi sh to 

3 years (7). It is not surprising that these guidelines differ in emphasis as they 

are based on limited evidence (8). 

Since most studies on dietary habits and atopy development have mainly focused 

on the duration of breastfeeding, scientifi c evidence about timing of solid food 

introduction is scarce and confl icting. Of interest is a study of Zutavern et al. 

showing an increased risk of eczema in relation to late introduction to egg and 

milk (9). This study challenges the widely held belief that delayed introduction 

of solids reduces the risk of allergy. Recently, Tarini et al. conducted a systematic 

review of the relationship between early introduction of solid foods to infants and 

the development of allergic disease (5). Thirteen studies that met the inclusion 

criteria were critically evaluated, concluding that the available evidence suggest 

that early solid feeding may increase the risk of eczema but there is only little 

data supporting an association between early solid feeding and other allergic 

conditions (5). 

Previously we have reported on the relationship between breastfeeding duration 

and infant eczema in which we also explored the possible infl uence of reverse 

causation (10). In this large prospective Birth Cohort Study we had data available 

on the age of fi rst introduction of cow’s milk and other food products. Since only a 
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few studies have added new evidence in this confl icting research area, we aimed 

to establish any associations between the timing of the introduction of cow’s milk 

products/other (solid) food products and infant atopic manifestations in fi rst two 

years of life. 
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METHODS

Study population

Study subjects are mother-infant pairs previously enrolled in the ongoing KOALA 

Birth Cohort Study, that was mainly set up to study the etiology of allergic diseases 

(11). At 34 weeks of gestation, we recruited participants with diverse lifestyles 

(conventional and alternative). Pregnant women with a conventional lifestyle 

(n=2343) were recruited from an ongoing prospective cohort study on Pregnancy-

related Pelvic Girdle pain in the Netherlands. Additionally, pregnant women with an 

alternative lifestyle (n=491) were recruited through several ‘alternative’ channels: 

organic food shops, anthroposophic doctors and midwifes, Steiner Schools, and 

magazines. The alternative group had more intention to breastfeed (93%) and 

were less likely to smoke during pregnancy (11). The study was approved by the 

medical ethics committee of the Maastricht University.

Data collection

During pregnancy and during the fi rst two years postpartum, information on infant 

feeding patterns (age of fi rst introduction of cow’s milk products or other food 

products and /or breastfeeding), other determinants and allergic outcome were 

collected for all members of the cohort by repeated questionnaires at 34 weeks of 

gestation and at 3, 7, 12 and 24 months. All infant’s of participants (n=2834) with 

a completed informed consent and the presence of the fi rst questionnaire (34 

weeks of gestation) were included. We excluded infants with Down’s syndrome 

and those with missing information on the main determinants: the introduction 

of cow’s milk products and/or other food products. 

Exposures

The age of introduction of cow’s milk products was defi ned as: artifi cial formulas 

(including hypoallergenic formulas), (raw / pasteurized) milk, porridge, dairy 

products, yoghurts and categorized as the age of fi rst introduction: ‘0-3 months’, 

‘4-6 months’, ‘7-9 months’, ‘after age 9 months’. The age of introduction other 

food products (like fruit mash) was categorized as the age of fi rst introduction as 

follows: ‘age 3 months’, ‘4-6’ months’, ‘after age 7 months’.

Adjustments were made for the following potential confounders: duration of 

breastfeeding (never, ‘0-3 months’, ‘4-6 months’, ‘7-9 months, > 9 months’), gender 
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of infant (boys, girls), recruitment group (conventional, alternative lifestyle), maternal 

smoking during pregnancy (yes, no), infant’s exposure to ETS (environmental 

tobacco smoke) (yes, no), maternal age at delivery (in years), maternal education 

(primary school, preparatory vocational or lower general secondary education (low), 

vocational education, higher general secondary or pre-university education (middle), 

higher vocational or academic education (high)), presence of parental allergic 

disease (both parents non-allergic, only father allergic, only mother allergic, both 

parents allergic), siblings atopic history i.e. parental reported doctor’s diagnosed 

food allergy, eczema, hay fever, asthma, pet and/or house dust mite allergy (no 

siblings; ≥ 1 siblings, all none-atopic; or ≥ 1 siblings, at least 1 atopic).

Infant’s outcomes (atopic manifestations)

‘Eczema (by parental questionnaires)’: In the 7, 12 and 24 months postpartum 

questionnaires, parents were asked; ‘has your child ever had an itchy rash 

that was coming and going in the past months’? If this question was answered 

affi rmatively, infants were defi ned as having developed eczema in the fi rst two 

years of life. Cases of only diaper rash, rash around the eyes and/or scalp scaling 

were excluded. 

‘Atopic dermatitis by UK Working Party criteria’: To specify eczema reported 

by parents as described above, we defi ned atopic dermatitis according to UK 

Working Party criteria (20) for all infants who were visited at home at age 2 years. 

The probability of the presence of atopic dermatitis was derived from the presence 

of four clinical symptoms: 1) presence of itchy rash (PIR, coded as 0 = absent, 1 = 

present), 2) history of fl exural dermatitis (HFD, 0 = absent, 1 = present), 3) visible 

fl exural dermatitis (VFD, 0= absent, 1 = present), and 4) onset before age of 2 years 

(OB2, 0 = absent, 1 = present). The UK-WP probability score of atopic dermatitis 

(AD) is then computed as: probability AD = odds (AD)/[odds (AD)+1]; where odds 

(AD) = exp[-4.36 + 1.84(HFD) + 3.46(OB2) + 2.09 (VFD) +1.71(PIR)] (20). In this study, 

infants with a UK-WP probability score of atopic dermatitis (AD) > 0.9 were regarded 

as infants with ‘probable presence of atopic dermatitis’.

‘Recurrent wheezing in the second year of life’ was defi ned as reported presence of 

wheezing with at least 4 attacks between 0-7 months, mentioned in the 7 months 
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postpartum questionnaire and/or between 7-12 months of life, mentioned in the 

12 months postpartum questionnaire and/or between 13-24 months, mentioned 

in the 24 months postpartum questionnaire. 

Measurements and defi nitions of infant allergic sensitization

Infant’s venous blood samples were obtained during a home visit at 2 years post 

partum. All blood samples were analyzed for specifi c IgE against hen’s eggs, 

cow’s milk, peanuts, birch, grass pollen, cat, dog and house dust mite using Radio 

Allergen Sorbent Test as described earlier (12). The detection limit for specifi c IgE 

was 0.10 IU/ml. Any sensitization was regarded as positive if specifi c serum IgE-

levels were > 0.3 IU/ml against one or more of the tested food or inhalant allergens. 

Sensitization against one of the food allergens (hen´s egg, cow´s milk or peanut) 

was positive if specifi c serum IgE-levels were > 0.3 IU/ml against the corresponding 

food allergens. Sensitization against inhalant allergens was regarded as positive 

if specifi c serum IgE-levels were > 0.3 IU/ml against at least one of the tested 

inhalant allergens (birch, grass pollen, cat, dog or house dust mite).

Statistical analysis

Relationships between the age of introduction of cow’s milk products / other food 

products and (atopic) outcome measures (i.e. eczema, atopic dermatitis according 

UK Working Party criteria, recurrent wheeze, and (any) sensitization against 

cow’s milk, henn’s egg, peanut, at least 1 inhalent allergen) were analyzed. The 

relationships were analyzed using logistic regression, and results are presented 

as crude odds ratios (cOR) and adjusted odds ratios (aOR) with corresponding 

95% confi dence intervals (95% CI). All potential confounders were put in the 

logistic regression model simultaneously. For all trend analysis we considered all 

categorical variables as a continuous variable to test linearity. 

Reverse causation was addressed by means of a risk-period specifi c analysis 

as described earlier (10).  Briefl y, we excluded in the analyses infants with early 

symptoms of eczema or wheeze in order to disentangle the exposure from the onset 

of symptoms. In other words, no overlap occurs between exposure immediately 

after birth and onset of disease. This analysis has the advantage that it keeps track 

of infants with early symptoms. 

Separate analyses of the conventional versus the alternative cohort showed that 

the key fi ndings were similar between these groups. Hence, we have combined all 

infants in the fi nal analyses, adjusting for ‘recruitment group’.
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RESULTS

Of the 2834 infants enrolled at birth, we included 2558 infants in the present 

study (after excluding infant’s with Down’s syndrome (n=3) and participants 

with missing information of the main determinants: the age of introduction of 

cow’s milk products and/or other food products (n=273). The response rate of 

the questionnaire at age two years was high (n=2434/2558, 95%). Mothers in 

the alternative cohort showed more delay in the age of introduction of cow’s 

milk products (Table 1). Also, they had a higher rate and a longer duration of 

breastfeeding compared to the conventional cohort (Table 1). Other characteristics 

that differed between both groups were maternal age, maternal smoking during 

pregnancy, environmental tobacco smoking and maternal education (Table 1). 

Table 1

Baseline characteristics in both recruitment groups 

 CONVENTIONAL ALTERNATIVE TOTAL

 (N=2110) (N=448) (N=2558)

Age of introduction cow’s milk products, n (%)

 0-3 months 946 (45%) 49 (11%) 995 (39%)

 4-6 months 687 (33%) 138 (31%) 825 (32%)

 7-9 months 434 (21%) 234 (52%) 668 (26%)

 After age 9 months 43 (2%) 27 (6%) 70 (3%)

Age of introduction other foods products, n (%)

 Age 3 months 183 (9%) 22 (5%) 205 (8%)

 4-6 months 1880 (90%) 397 (89%) 2277 (89%)

 After age 7 months 47 (2%) 29 (7%) 76 (3%)

Use of hypoallergenic formulas, n (%)

 Yes 150 (7%) 22 (5%) 172 (7%)

Breastfeeding, n (%)

 Never 377 (18%) 11 (3%) 388 (15%)

 0-3 months 797 (38%) 56 (13%) 853 (33%)

 4-6 months 357 (17%) 70 (16%) 427 (17%)

 7-9 months 280 (13%) 111 (25%) 391 (15%)

 > 9 months 250 (12%) 196 (44%) 446 (17%)

 Unknown 49 (2%) 4 (1%) 53 (2%)

▼
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Table 1 continued

 CONVENTIONAL ALTERNATIVE TOTAL

 (N=2110) (N=448) (N=2558)

Gender of infants, no of boys (%) 1083 (51%) 230 (51%) 1313 (51%)

Maternal age in years, mean (sd)  32 (4) 34 (4) 32 (4)

Maternal smoking during pregnancy, n (%) 174 (8%) 2 (< 1%) 176 (7%)

Environmental tobacco smoking (ETS), n (%) 107 (5%) 2 (< 1%) 109 (4%)

Maternal Education, n (%)      

 Low 239 (11%) 17 (4%) 256 (10%)

 Middle 814 (39%) 79 (18%) 79 (35%)

 High 943 (45%) 341 (76%) 341 (50%)

 Unknown 114 (5%) 11 (3%) 125 (5%)

Parental allergic disease, n (%)      

 Both parents non-allergic 842 (40%) 173 (39%) 1015 (40%)

 Only father allergic 450 (21%) 102 (23%) 552 (22%)

 Only mother allergic 468 (22%) 102 (23%) 570 (22%)

 Both parents allergic 284 (14%) 65 (15%) 349 (14%)

 Unknown 66 (3%) 6 (1%) 72 (3%)

Sibling history of atopic manifestations, n (%)      

 No siblings 1734 (82%) 343 (77%) 2077 (81%)

 ≥ 1 sibling(s), all non-atopic 235 (11%) 69 (15%) 304 (12%)

 ≥ 1 sibling(s), at least 1 atopic 83 (4%) 33 (7%) 116 (5%)

 Unknown 58 (3%) 3 (1%) 61 (2%)

Infants atopic outcome at age 2 years, n (%)      

 Eczema 665 (31%) 128 (29%) 783 (31%)

 Atopic Dermatitis UK Working Party (N=822)† 85 (14%) 24 (11%) 109 (13%)

 Recurrent wheeze 230 (11%) 29 (7%) 259 (10%)

 Sensitization (overall) (N=782)† 164 (30%) 56 (25%) 220 (28%)

 Sensitization against cow’s milk (N=789)† 115 (20%) 35 (16%) 150 (19%)

 Sensitization against (hens) egg (N=789)† 38 (7%) 9 (4%) 47 (6%)

 Sensitization against peanut (N=789)† 36 (6%) 6 (3%) 42 (5%)

 Sensitization against at least 1 inhalant  55 (10%) 29 (13%) 84 (11%)

 allergen (N=756)†

* Numbers may not add up total because of missing values

† Only available in those infants who had a home visit
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More delay in introduction of both cow’s milk products and other food products 

was associated with a higher risk of eczema (p trend 0.01 and 0.02, respectively; 

Table 2). No associations were found between the introduction of cow’s milk 

Table 2

Associations between introduction of cow’s milk/food products and the development of 

infant’s eczema and atopic dermatitis by UK-WP at age 2

 ECZEMA (QUESTIONNAIRES) 

  N  n (%) cOR (95% CI) aOR (95% CI)* 

Age of introduction cow’s milk products†    

 0-3 months 976 297 (30%) 1.0 1.0 

 4-6 months 800 239 (30%) 0.97 (0.79-1.19) 1.13 (0.83-1.56) 

 7-9 months 664 219 (33%) 1.13 (0.91-1.39) 1.55 (1.03-2.33) 

 After age 9 months 70 28 (40%) 1.52 (0.93-2.51) 2.29 (1.21-4.33) 

                       P trend                         0.12                       0.01 

Age of introduction other foods products†    

 Age 3 months 191 51 (27%) 1.0 1.0 

 4-6 months 2245 701 (31%) 1.25 (0.90-1.74) 1.28 (0.91-1.81) 

 After age 7 months 74 31 (42%) 1.98 (1.13-3.47) 2.10 (1.17-3.76) 

                       P trend                         0.03                       0.02 

Breastfeeding duration (confounder)    

 Never 388 112 (29%) 1.0 1.0 

 0-3 months 853 263 (31%) 1.09 (0.83-1.42) 1.00 (0.75-1.33) 

 4-6 months 427 135 (32%) 1.11 (0.82-1.50) 0.87 (0.55-1.35) 

 7-9 months 391 126 (32%) 1.12 (0.82-1.52) 0.74 (0.46-1.20) 

 > 9 months 446 133 (30%) 1.00 (0.74-1.35) 0.66 (0.40-1.09) 

                       P trend                         0.95                       0.06 

may not add up to total numbers because of missing values

cOR crude Odds Ratio

aOR adjusted Odds Ratio

* Based on logistic regression analysis, adjusted for (duration of breastfeeding), gender of infant, 

recruitment group (conventional, alternative lifestyle), maternal smoking during pregnancy, infant’s 

exposure to environmental tobacco smoke, maternal age at delivery (in years), maternal education, 

presence of parental allergic disease, (older) siblings atopic history.
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products and atopic dermatitis according to UK Working Party criteria. However, 

more delay in other food products was associated with a higher risk for atopic 

dermatitis by UK Working Party criteria (p trend 0.00; Table 2). 

ATOPIC DERMATITIS (UK WORKING PARTY)

N  n (%) cOR (95% CI) aOR (95% CI)*

     

286 36 (13%) 1.0 1.0 

249 32 (13%) 1.02 (0.62-1.71) 0.65 (0.25-1.67)

265 35 (13%) 1.06 (0.64-1.74) 0.64 (0.22-1.90)

22 6 (27%) 2.60 (0.96-7.09) 1.43 (0.33-6.29)

                        0.35  0.93

     

55 3 (6%) 1.0 1.0 

743 98 (13%) 2.63 (0.81-8.60) 2.67 (0.80-8.97)

24 8 (33%) 8.67 (2.05-36.59) 9.46 (2.05-43.61)

                        0.00                       0.00

      

109 12 (11%) 1.0 1.0

236 28 (12%) 1.09 (0.53-2.23) 1.11 (0.51-2.41)

154 28 (18%) 1.80 (0.87-3.71) 2.58 (0.77-8.67)

159 23 (15%) 1.37 (0.65-2.88) 1.58 (0.44-5.66)

158 18 (11%) 1.04 (0.48-2.26) 1.30 (0.34-4.95)

                        0.75                       0.60

†  The age of introduction cow’s milk products and the age of introduction other food products were 

simultaneously included in the logistic regression analysis, which means these variable were adjusted 

for each other.
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A delayed introduction of other food products showed a higher risk for recurrent 

wheeze (p trend 0.01; Table 3) while this was not found for a delayed introduction 

of cow’s milk products (after adjustment for confounding factors). The results for 

breastfeeding duration (confounder) between 7-9 months showed a reduced risk 

for recurrent wheeze (aOR 0.31, 95%CI 0.14-0.70). 

Table 3

Associations between introduction of cow’s milk/food products and the development of 

infant’s recurrent wheeze and overall sensitization at age 2

 RECURRENT WHEEZE 

  N  n (%) cOR (95% CI) aOR (95% CI)* 

Age of introduction cow’s milk products†    

 0-3 months 730 127 (17%) 1.0 1.0 

 4-6 months 589 83 (14%) 0.78 (0.58-1.05) 1.07 (0.66-1.75) 

 7-9 months 519 44 (9%) 0.44 (0.31-0.63) 0.89 (0.45-1.77) 

 After age 9 months 56 5 (9%) 0.47 (0.18-1.19) 0.96 (0.30-3.07) 

                       P trend                         0.00                       0.77 

Age of introduction other foods products†    

 Age 3 months 153 17 (11%) 1.0 1.0 

 4-6 months 1685 232 (14%) 1.28 (0.76-2.16) 1.71 (1.00-2.95) 

 After age 7 months 56 10 (18%) 1.74 (0.74-4.07) 3.52 (1.42-8.73) 

                       P trend                         0.20                       0.01 

Breastfeeding duration (confounder)    

 Never 388 53 (14%) 1.0 1.0 

 0-3 months 853 101 (12%) 0.86 (0.59-1.24) 0.87 (0.58-1.32) 

 4-6 months 427 46 (11%) 0.73 (0.47-1.12) 0.74 (0.38-1.45) 

 7-9 months 391 21 (5.4%) 0.31 (0.18-0.53) 0.31 (0.14-0.70) 

 > 9 months 446 33 (7.4%) 0.42 (0.27-0.68) 0.46 (0.21-1.02) 

                       P trend                         0.00                       0.02 

may not add up to total numbers because of missing values

cOR crude Odds Ratio

aOR adjusted Odds Ratio

*  Based on logistic regression analysis, adjusted for (duration of breastfeeding), gender of infant, 

recruitment group (conventional, alternative lifestyle), maternal smoking during pregnancy, infant’s 
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Delaying the introduction of cow’s milk products tended to be associated with a 

lower risk of atopic sensitization, but did not reach statistical signifi cance (p trend 

0.26; Table 3). Unexpectedly, a delayed introduction of other food products was 

positively associated with atopic sensitization at 2 years (p trend 0.01; Table 3).

ANY SENSITIZATION

N  n (%) cOR (95% CI) aOR (95% CI)*

     

270 72 (27%) 1.0 1.0 

235 72 (31%) 1.22 (0.83-1.79) 0.73 (0.36-1.46)

255 69 (27%) 1.02 (0.69-1.50) 0.57 (0.25-1.29)

22 7 (32%) 1.28 (0.50-3.28) 0.71 (0.21-2.41)

                        0.80                       0.26

     

50 5 (10%) 1.0 1.0 

709 208 (29%) 3.74 (1.46-9.55) 3.69 (1.42-9.62)

23 7 (30%) 3.94 (1.09-14.19) 4.31 (1.14-16.22)

                        0.01                       0.01

      

102 24 (24%) 1.0 1.0 

220 59 (27%) 1.19 (0.69-2.06) 1.33 (0.74-2.40)

148 49 (33%) 1.61 (0.91-2.85) 2.42 (0.97-6.03)

153 47 (31%) 1.44 (0.81-2.55) 2.22 (0.85-5.76)

153 39 (26%) 1.11 (0.62-2.00) 1.89 (0.70-5.12)

                        0.63                       0.57

exposure to environmental tobacco smoke, maternal age at delivery (in years), maternal education, 

presence of parental allergic disease, (older) siblings atopic history.

†  The age of introduction cow’s milk products and the age of introduction other food products were 

simultaneously included in the logistic regression analysis, which means these variable were adjusted for 

each other.
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In addition, besides ‘any sensitization’, we assessed whether the introduction of 

cow’s milk or other food products was associated with sensitization against the 

introduction of separate food allergens (cow’s milk, hen’s egg, peanut). A delay 

in introduction of cow’s milk products tended to be associated with a lower risk 

for sensitization against cow’s milk, but this trend was not statistically signifi cant 

Table 4

Associations between introduction of cow’s milk/food products and the development of infant’s 

sensitization against egg, milk, peanut and sensitization against at least 1 inhalant allergen, at age 2 

 SENSITIZATION AGAINST COW´S MILK 

  N  n (%) cOR (95% CI) aOR (95% CI)* 

Age of introduction cow’s milk products†    

 0-3 months 270 50 (19%) 1.0 1.0 

 4-6 months 235 54 (23%) 1.31 (0.85-2.02) 0.87 (0.40-1.87) 

 7-9 months 255 44 (17%) 0.92 (0.59-1.44) 0.60 (0.24-1.50) 

 After age 9 months 22 2 (9%) 0.44 (0.10-1.94) 0.33 (0.06-1.82) 

                       P trend                         0.44                       0.10 

Age of introduction other foods products†    

 Age 3 months 50 4 (8%) 1.0 1.0 

 4-6 months 709 143 (20%) 2.91 (1.03-8.20) 2.64 (0.92-7.59) 

 After age 7 months 23 3 (13%) 1.73 (0.35-8.43) 1.82 (0.35-9.37) 

                       P trend                         0.21                       0.23 

Breastfeeding duration (confounder)    

 Never 104 18 (17%) 1.0 1.0 

 0-3 months 223 41 (18%) 1.07 (0.58-1.97) 1.17 (0.61-2.26)  

 4-6 months 148 33 (22%) 1.34 (0.71-2.54) 1.78 (0.65-4.89) 

 7-9 months 153 37 (24%) 1.49 (0.79-2.79) 2.32 (0.81-6.66) 

 > 9 months 155 19 (12%) 0.66 (0.33-1.33) 1.19 (0.38-3.67) 

                       P trend                         0.55                       0.97 

may not add up to total numbers because of missing values

cOR crude Odds Ratio

aOR adjusted Odds Ratio

*  Based on logistic regression analysis, adjusted for (duration of breastfeeding), gender of infant, 

recruitment group (conventional, alternative lifestyle), maternal smoking during pregnancy, infant’s 
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(p trend 0.10; Table 4). Also, we studied the associations for sensitization against 

one or more inhalant allergens (birch, grass pollen, cat, dog or house dust mite), 

showing that delayed introduction of other food products lead to a higher risk for 

inhalant allergen sensitization (p trend 0.00; Table 4).

SENSITIZATION AGAINST HENN´S EGG

N  n (%) cOR (95% CI) aOR (95% CI)*

     

270 16 (6%) 1.0 1.0 

235 15 (6%) 1.08 (0.52-2.24) 1.10 (0.35-3.51)

255 12 (5%) 0.78 (0.36-1.69) 0.66 (0.16-2.81)

22 4 (18%) 3.53 (1.07-11.66) 3.35 (0.56-20.15)

                        0.70                       0.86

     

50 1 (2%) 1.0 1.0 

709 44 (6%) 3.24 (0.44-24.03) 3.10 (0.40-24.05)

23 2 (9%) 4.67 (0.40-54.31) 5.88 (0.45-76.85)

                        0.19                       0.15

      

104 4 (4%) 1.0 1.0 

223 16 (7%) 1.92 (0.63-5.90) 2.08 (0.63-6.93)

148 7 (5%) 1.22 (0.35-4.26) 1.56 (0.27-8.90)

153 13 (9%) 2.28 (0.72-7.19) 2.76 (0.47-16.11)

155 7 (5%) 1.18 (0.34-4.12) 1.89 (0.28-12.68)

                        0.92                       0.54

exposure to environmental tobacco smoke, maternal age at delivery (in years), maternal education, 

presence of parental allergic disease, (older) siblings atopic history.

†  The age of introduction cow’s milk products and the age of introduction other food products were 

simultaneously included in the logistic regression analysis, which means these variable were adjusted 

for each other.
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Table 4 (continued)

 SENSITIZATION AGAINST PEANUT  

  N  n (%) cOR (95% CI) aOR (95% CI)* 

Age of introduction cow’s milk products†    

 0-3 months 271 18 (7%) 1.0 1.0 

 4-6 months 235 13 (6%) 0.82 (0.39-1.72) 0.86 (0.24-3.08) 

 7-9 months 256 10 (4%) 0.57 (0.26-1.26) 0.56 (0.12-2.68) 

 After age 9 months 22 1 (5%) 0.67 (0.09-5.26) 0.53 (0.40-7.05) 

                       P trend                         0.18                       0.42 

Age of introduction other foods products†    

 Age 3 months 50 1 (2%) 1.0 1.0 

 4-6 months 711 39 (6%) 2.84 (0.38-21.14) 2.55 (0.32-20.12) 

 After age 7 months 23 2 (9%) 4.67 (0.40-54.31) 7.85 (0.58-106.55) 

                       P trend                         0.19                       0.11 

Breastfeeding duration (confounder)    

 Never 104 5 (5%) 1.0 1.0 

 0-3 months 223 16 (7%) 1.51 (0.54-4.25) 1.68 (0.54-5.30) 

 4-6 months 148 7 (5%) 0.96 (0.30-3.12) 1.42 (0.24-8.47) 

 7-9 months 153 10 (7%) 1.36 (0.45-4.09) 2.29 (0.37-14.33) 

 > 9 months 155 4 (3%) 0.52 (0.14-1.97) 1.15 (0.15-9.03) 

                       P trend                         0.24                       0.84 

may not add up to total numbers because of missing values

cOR crude Odds Ratio

aOR adjusted Odds Ratio

* Based on logistic regression analysis, adjusted for duration of breastfeeding, gender of infant, 

recruitment group (conventional, alternative lifestyle), maternal smoking during pregnancy, infant’s 

exposure to environmental tobacco smoke, maternal age at delivery (in years), maternal education, 

presence of parental allergic disease, (older) siblings atopic history.

† The age of introduction cow’s milk products and the age of introduction other food products were 

simultaneously included in the logistic regression analysis, which means these variable were 

adjusted for each other.
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SENSITIZATION AGAINST AT LEAST 1 INHALANT ALLERGEN 

N  n (%) cOR (95% CI) aOR (95% CI)*

     

261 21 (8%) 1.0 1.0 

228 28 (12%) 1.60 (0.88-2.90) 1.06 (0.34-3.29)

247 31 (13%) 1.64 (0.92-2.94) 0.81 (0.23-2.85)

20 4 (20%) 2.86 (0.88-9.33) 1.07 (0.19-5.91)

                        0.05                       0.67

     

50 1 (2%) 1.0 1.0 

683 77 (11%) 6.23 (0.85-45.73) 6.55 (0.87-49.32)

23 6 (26%) 17.29 (1.94-154.17) 20.86 (2.17-200.75)

                        0.00                       0.00

      

100 9 (9%) 1.0 1.0 

210 15 (7%) 0.79 (0.33-1.84) 0.68 (0.27-1.74)

143 21 (15%) 1.74 (0.76-3.97) 1.55 (0.37-6.44)

147 16 (11%) 1.24 (0.52-2.92) 0.92 (0.21-4.06)

150 23 (15%) 1.83 (0.81-4.14) 1.60 (0.36-7.17)

                        0.03                       0.61
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To control for reverse causation (early symptoms urging the parents to delay the 

introduction of foods in the hope of diminishing the symptoms), we excluded 

infants with early symptoms in several so called risk-period specifi c analyses:  

Exclusion of early symptoms of eczema

First, we excluded infants with early symptoms of eczema i.e. between 0-7 

months. In this respect only the introduction of cow’s milk between 4-6 months 

(in comparison with 0-3 months) can be studied since no overlap occurs with 

the onset of symptoms after 7 months. The magnitude of the association for 

introducing cow’s milk products between 4-6 months slightly changed (adjusted 

OR 1.21). The odds ratio for introducing other food products between 4-6 months 

turned away from 1 and reached statistical signifi cance (adjusted OR 1.72; 95% 

CI 1.00-2.96). Second, we excluded infants with symptoms of eczema in the fi rst 

year of life (i.e. between 0-12 months). The results of introducing cow’s milk 

products between 4-6 months (adjusted OR 1.20) and 7-9 months (adjusted OR 

1.85) tended towards the same direction (compared with the results presented in 

Table 2) but both 95% confi dence intervals of these risk-period specifi c analyses 

became wider. 

Exclusion of early symptoms of recurrent wheeze

In the same manner as described above, we fi rst excluded infants with symptoms 

of recurrent wheeze between 0-7 months. The odds ratio for introducing cow’s 

milk products between 4-6 months (versus 0-3 months) changed (adjusted OR 

0.85) and the confi dence intervals became wider. The odds ratio for introducing 

other food products between 4-6 months attenuated (adjusted OR 1.35) and was 

no more statistically signifi cant. After excluding infants who developed symptoms 

of wheeze in the fi rst year of life, the odds ratios for introducing cow’s milk 

between 4-6 months and between 7-9 months were 1.19 and 1.48, respectively 

(the corresponding confi dence intervals became clearly wider). The odds ratio for 

introducing other food products between 4-6 months and the risk of recurrent 

wheeze was comparable with the overall results presented in Table 3 (adjusted 

OR 1.71 versus 1.50 in the risk-period specifi c analysis). 

Exclusion of hypoallergenic formulas

We found that infants receiving hypoallergenic formulas between birth and 3 

months (n=127), showed a higher risk of eczema versus infants given non-hypo-
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allergenic formula feeding (crude OR: 1.78; 95% CI: 1.28-2.47) even after adjusting 

for potential confounders (adjusted OR: 1.62; 95% CI: 1.08-2.43). In addition, 

hypoallergenic formulas were associated with a higher risk for recurrent wheeze 

(crude OR: 3.86; 95% CI 2.45-6.09), also after adjusting for other confounders 

(adjusted OR 2.42; 95% CI: 1.33-4.43). Since, these results may imply the presence 

of reverse causation (i.e. hypoallergenic formulas were introduced after the 

development of eczema or recurrent wheeze), we repeated all analyses in which 

we excluded participants who introduced hypoallergenic formulas (0-3 months). 

The odds ratios that are presented in Table 2, 3 and 4, did only slightly change and 

the magnitude of the p values for trend analyses remained the same. Therefore 

we do not present the results after exclusion of hypoallergenic formulas.

DISCUSSION

In this study, a delayed introduction of cow’s milk products was associated with an 

increased risk of eczema and recurrent wheeze. Also, our data demonstrated that a 

delayed introduction of other food products was associated with an increased risk 

of eczema, similar to our fi ndings with atopic dermatitis by UK-WP. Furthermore, 

a delayed introduction of other food products was associated with an increased 

risk of recurrent wheeze, atopic sensitization and in particular, inhalant allergen 

sensitization. We have also demonstrated that longer breastfeeding duration 

(7-9 months) showed a reduced risk for recurrent wheeze. The risk of recurrent 

wheeze for breastfeeding longer than 9 months tended in the same direction. 

Overall, we found a statistical signifi cant trend towards a reduced risk of recurrent 

wheeze with a longer duration of breastfeeding. Previously, we have speculated 

that these results may be explained by a protection of breastfeeding against 

respiratory infections (13). 

It has been suggested that a early introduction of solid foods may result in allergic 

sensitization against (food) allergens since the infant’s gut-mucosal barrier is 

immature and early exposure to (food) allergens may trigger an allergic response 

of the immune system (14). In a study of children with an immature gastrointestinal 

tract or immune response no increased risk for the development of food allergies 

was found (15). However, there is only scarce scientifi c evidence to support this 

hypothesis. Most studies have focussed on the duration of breastfeeding as a 
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preventive measure to avoid the development of asthma and allergy. In 1999, Oddy 

et al that found that it was the later age at which cow’s milk was introduced rather 

than the duration of breastfeeding that was more closely associated with lower risk 

of asthma or atopy at age 6 years. They found that the introduction of milk other 

than breast milk was a signifi cant risk factor for asthma, wheeze and a positive 

skin prick test reaction against at least one common aeroallergen. These results 

favor ‘exclusion mechanisms’ (16). However, it was noted that studies attempting 

to separate the effects of breastfeeding duration and the age of introduction of 

cow’s milk or food products face problems of high correlation between these 

those variables. Therefore, the possibility that it may be breastfeeding itself that 

may confer protection cannot be rejected (16).

Several other studies have previously focussed on the introduction of fi rst 

exposure of milk or food products. The results of our study tended towards the 

same direction as several previous studies. Zutavern et al showed an increased 

risk of eczema, in relation to late introduction of egg and milk in a prospective 

birth cohort study in the UK. Late introduction of egg was furthermore associated 

with a non-signifi cantly increased risk of preschool wheezing (9). Our results 

confi rm that also wheeze may be implicated as an atopic outcome, since we found 

that age of introduction of food products other than cow’s milk products was 

associated not only  with higher risk of eczema, but also wheeze and sensitization 

for inhalant allergens. Mihrshahi et al. showed that breastfeeding for 6 months 

or more (yes versus no) and introduction of solid foods after 3 months (yes versus 

no) were both associated with an increased risk of atopy (defi ned as the presence 

of any allergen weal ≥ 2 mm and larger than the negative control) at age 5 years 

(17). Interestingly, Poole at al. showed that children who were fi rst exposed to 

cereals after 6 months of age had an increased risk of wheat allergy compared 

with children fi rst exposed to cereals before age 6 months (18). In contrast with 

these above mentioned studies, Morgan et al. showed that the introduction of 

four or more solids before 17 weeks post-term (compared with less than four foods 

at 17 weeks post-term) was associated with a higher risk of eczema in infants with 

and without a family history of allergy suggesting that a delay of the introduction 

of solids reduced the development of eczema (8, 19). However it should be noted 

that this study was done in preterm infants which may possibly confound (8) their 

results since prematurity has been shown to reduce the long-term risk of atopy 

(20). Andreasyan et al. showed recently that there was no association between 
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introduction of non-milk fl uids in infancy and childhood atopic disease (21). The 

results of a follow up analysis of a double blind, placebo controlled, randomised 

feeding intervention trial showed that brief neonatal exposure to cows’ milk 

(quantity was regarded suffi cient to induce sensitization) in breast fed children 

was not associated with atopic disease or allergic symptoms up to age 5 (22, 23).

Most studies addressing the relationship between timing of solid introduction 

and atopy development were prospective birth cohort studies instead of 

randomized controlled trials. A major disadvantage of cohort studies has been the 

phenomenon of reverse causation when interpreting the results (8, 9). Recently, 

Zutavern et al investigated whether a delayed introduction of solids (after 4 or 6 

months) is protective against the development of atopic dermatitis and atopic 

sensitization when taking into account reverse causation in a German prospective 

birth cohort study (24). Their results provided evidence (i.e. their results changed) 

for reverse causation between the introduction of solids and early skin or allergic 

symptoms. In the present study, we have indeed thought of the idea that parents 

of infants with early symptoms of eczema or wheeze may delay the introduction 

of cow’s milk products or other food products, which would make our results 

susceptible to reverse causation. We have attempted to avoid reverse causation 

in our analysis as follows; fi rst, we excluded all infants with reported symptoms 

of eczema between 0-7 months resulting in cases that were ‘at risk’ for developing 

eczema between 7-24 months. Second, in the same way we excluded all infants 

with reported symptoms in the fi rst year of life (0-12 months), resulting in cases 

that were ‘at risk’ in the second year of life (12-24 months). The same was done 

for the outcome ‘recurrent wheeze’. We have noted that the results (odds ratios 

and 95% confi dence intervals) of our so called risk-period specifi c analysis did 

slightly change which implies the presence of reverse causation as a potential 

bias cannot be fully excluded. However, to our opinion, the interpretation of our 

main fi ndings were minimally affected by reverse causation. Unfortunately, we 

were not able to assess whether our results of atopic dermatitis by UK-WP and 

allergic sensitization were prone to reverse causation since the data were only 

available at the age of 2 years. Hence, we could not exclude those infants who 

developed early symptoms. 

Another explanation that has been put forward to explain the results of an 

increased risk of atopy by a delayed introduction of cow’s milk or food allergens 
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may be the induction of ‘oral tolerance’, i.e. the induction of systemic immunologic 

hyporesponsiveness, a usual response to soluble dietary proteins. Although the 

biologic mechanism of this, is largely unexplained, the induction of oral tolerance 

affects a broad spectrum of immunological functions, locally and systemically, to a 

varying degree (25). Previously, it has also been put forward that late introduction 

of food products is associated with allergy, since introducing food products to 

older infants tends to be in greater amounts (26). Hence, it has been speculated 

that a larger antigen dose may result in T-cell activation instead of anergy or 

tolerance (18). Indeed, it may be anticipated that our results can be explained 

by the induction of oral tolerance that will be induced by larger amounts of cow’s 

milk and other food products, leading to an increased exposure to (food) antigens 

in older infants (> 7 months versus 0-3 months) participating in this study.

In conclusion, we have shown that a delayed introduction of cow’s milk products 

is associated with a higher risk of eczema. In addition, a delayed introduction of 

other food products is associated with an increased risk of atopy development in 

the fi rst two years of life (eczema, atopic dermatitis by UK-WP, recurrent wheeze, 

any sensitization and inhalant allergen sensitization). Although breastfeeding 

remains defi nitely favourable for the infant’s health (i.e. protection against 

infections), it may be questioned whether delaying the introduction of cow’s milk 

or other food products may have a substantial additional advantage as a possible 

preventive measure to avoid the development of atopic manifestations. Based 

on the current knowledge, it may be too early to change the current guidelines 

on the introduction of cow’s milk (like WHO), although these guidelines may be 

discussed in the light of the ‘induction’ of oral tolerance. Future research may 

focus on separating formula products from ‘other cow’s milk products’ since the 

current guidelines imply that introduction of cow’s milk products should wait, but 

are not meant to imply that milk-based formulas cannot be used.
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ABSTRACT 

Background

Confl icting evidence exists concerning the protective role of breastfeeding in 

allergy and atopic disease etiology. Breast milk contains biologically active 

molecules infl uencing the innate immune system of newborns. 

Objective

We aim to assess whether cytokines (TGF-β1, IL-10 and IL-12) and soluble CD14 

(sCD14) in breast milk are infl uenced by maternal atopic constitution and modify 

the development of atopic manifestations in infants.

Methods

Milk samples were collected at one month postpartum of 315 lactating mothers 

participating in the ongoing KOALA Birth Cohort Study. The cytokines and sCD14 

were analyzed by ELISA in the aqueous fraction. We compared concentrations of 

cytokines and sCD14 in breast milk between mothers with and without an allergic 

history and also with and without allergic sensitization (specifi c IgE). Associations 

of cytokines and sCD14 with the development of eczema, wheezing in the fi rst 

two years of life and allergic sensitization of infants at the age of 2 years, were 

analyzed by multivariate logistic regression analyses to correct for confounders. 

Results 

We found higher sCD14 levels in mothers with a positive versus negative allergic 

history (7.6 vs 7.0 µg/mL; p=0.04) and in mothers who were sensitized versus 

non-sensitized (7.8 vs 7.1 µg/mL; p=0.03). None of the studied immune factors 

were associated with infant’s atopic outcomes. IL-10 was not detected above the 

detection limit of 0.2 pg/ml.

Conclusion 

Taken together the results of the present and previous studies, we conclude that 

there is no convincing evidence for a relation between TGF-β1, sCD14, IL-10 or IL-

12 in breast milk and atopic manifestations in infants.
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INTRODUCTION

Atopic diseases such as atopic eczema, allergic rhinitis and allergic asthma have 

increased in the developed world during recent decades (1). Breastfeeding has 

been considered to afford protection against atopic disorders. Protection may be 

conveyed by biologically active molecules that are present in human milk such 

as: cytokines, chemokines, hormones, growth factors, secretory antibodies and 

essential fatty acids (2, 3). Via several mechanisms immune-modulating factors 

in human milk can actively stimulate the newborn’s immune system, which is 

rapidly maturing during the fi rst years of life (4). In the current study we focus on 

four immune factors (Transforming growth factor-β1 (TGF-β1), interleukin-10 (IL-

10), interleukin-12 (IL-12) and soluble CD14 (sCD14)) that may infl uence the innate 

immune system.

TGF-β1 and IL-10 are anti-infl ammatory cytokines produced by several cell types, 

including regulatory T cells which are currently in the focus of allergy and asthma 

research (5). Regulatory T cells suppress both Th1 and Th2-mediated immune 

responses (6) and are thought to play a role in the development of allergic 

disease (7). Especially TGF-β1 is an abundant cytokine in human milk (8). Oddy et 

al demonstrated a positive association between low concentrations of TGF-β1 in 

human milk and infant wheezing (9).

Human milk also contains IL-12 and the soluble form of CD14 (sCD14). Both 

are lipopolysaccharide (LPS)(10) associated immune factors that promote 

Th1 development, thereby preventing excessive IgE production and allergic 

infl ammation (11). CD14 is an innate immune receptor for LPS, a component of 

gram-negative bacterial cell walls (12). The complex interplay between CD14, 

toll like receptor (TLR) 4 and MD-2 is responsible for recognition of LPS (13). 

Subsequently, intracellular signalling results in secretion of IL-12. An association 

was found between reduced sCD14 levels in breast milk and a diagnosis of eczema 

in children aged 6 months (14). Recently, increased levels of sCD14 were found to 

be associated with a lower incidence of doctor’s diagnosed asthma at the age of 

two years, especially in children of mothers without a history of atopic diseases 

(15). Also, a defi cit of IL-12 production was proposed to occur in atopic individuals 

(11).
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There are two possible explanations for the relation between levels of immune 

factors in breast milk and the development of atopy in the infant: fi rst, maternal 

atopic constitution (genetic or acquired) determines levels of cytokines in breast 

milk and infant’s atopy by separate mechanisms; second, immune factors have a 

direct effect on mucosal immunity in the child.

This study had two objectives. First, we aimed to investigate whether the mother’s 

atopic constitution infl uences milk levels of TGF-β1, IL-10, IL-12 and sCD14. Second, 

we examined whether these immune factors are associated with the development 

of infant’s atopy (eczema, wheezing) in the fi rst two years of life and allergic 

sensitization at age two.
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METHODS

Design

This study is part of the KOALA Birth Cohort Study (N=2834), an ongoing pros-

pective birth cohort study in the Netherlands. The design of the study has 

been described, in detail, elsewhere (16). Briefl y, we recruited participants 

with diverse lifestyles (conventional and alternative) at 34 weeks of gestation. 

Pregnant women with a conventional lifestyle (n=2343) were recruited from an 

ongoing prospective cohort study on Pregnancy-related Pelvic Girdle pain in the 

Netherlands. Additionally, pregnant women with an alternative lifestyle (n=491) 

were recruited through several ‘alternative’ channels: organic food shops, 

anthro posophic doctors and midwifes, Steiner Schools, and magazines. During 

the fi rst two years postpartum, information on breastfeeding, atopic outcomes 

and their determinants were collected for all members of the cohort by repeated 

questionnaires at 3, 7, 12 and 24 months. During home visits at 34-36 weeks of 

gestation maternal venous blood was collected. From October 2002 we started 

recruiting participants for breast milk sampling by asking pregnant mothers who 

intended to start breastfeeding to consent for breast milk collection. This resulted 

in breast milk being sampled in 315 breastfeeding mothers between December 

2002 and September 2003, including a short questionnaire at the time of breast 

milk collection (1 month postpartum). The study (including biosampling) was 

approved by the medical ethics committee of the Maastricht University.

Collection and processing of breast milk 

Mothers received a sterile 50 ml tube (Cellstar PP-test tubes, Greiner bio-one, 

Austria) and were instructed to collect the milk sample in the morning, before 

breastfeeding their child, from the contra-lateral breast (since the last feeding) 

and to keep the tube in the refrigerator (± 4°C) until it was collected by one of the 

researchers. If the mother was not able to collect the milk sample by herself (with 

or without a pumping regimen), an electric breast pump (Medela, Switzerland) 

was used with the help of one of the researchers (within the same day). During 

transport the milk samples were stored in a cooler (Coleman Company, Inc.) on 

packed ice (± 4°C) until processing on the same day. The sample was centrifuged 

(400g, 12 minutes, no brake, 4°C) to separate the lipid- and aqueous fraction. 

The lipid layer was trimmed off with a pipette and released in plastic storage vials 

(Sarstedt, Nümbrecht, Germany). The aqueous fraction was poured in other vials 
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with another pipet. The remaining debris was not used to avoid contamination 

with cell fragments. All fractions were stored at –80°C in the European Biobank 

Maastricht.

ELISA assays in breast milk 

Quantitative colorimetric cytokine ELISA kits were used to assess the 

concentrations of TGF-β1, sCD14 (R&D Systems Europe Ltd, Abingdon, UK), IL-10 

and IL-12 (Biosource Int. Camarillo (CA) USA) in human aqueous milk fractions 

according to the manufacturers instructions. The aqueous milk fractions were 

assayed at dilution factors of 1.4 for TGF-β1 and 2000 for sCD14. The minimum 

detectable dose of TGF-β1 and sCD14 was 7 pg/ml and 125 pg/ml, respectively. 

For the activation of latent TGF-β1 to the active form, a standard activation 

procedure was used. Briefl y, 0.1 ml 1 M HCl was added to 0.5 ml aqueous milk 

fraction and subsequently mixed to incubate for 10 minutes at room temperature. 

Neutralization of the acidifi ed milk sample was done by adding 0.1 ml 1.2 M 

NaOH/0.5 M HEPES. Undiluted aqueous milk fractions were used to determine 

the IL-10 and IL-12 concentrations. The minimum detectable dose was 0.2 pg/ml 

for IL-10 and 0.8 pg/ml for IL-12. All ELISA assays were performed in duplicate. We 

conducted a pilot study for all parameters. We could not detect IL-10 concentrations 

in our pilot study (n=16).

Determination of maternal and infant’s total and specifi c IgE

Maternal venous blood samples were obtained during a home visit at 34-36 weeks 

of gestation. Serum samples were analyzed for total IgE levels as described earlier 

(17, 18). For values < 150 IU/ml a sandwich RIA was used (17), for values >150 IU/ml 

a competitive RIA (18). Maternal venous blood samples were analyzed for specifi c 

IgE against 13 common respiratory and food allergens. Calculation was performed 

by means of a standard curve that was obtained by RAST with a dilution series 

of a chimeric monoclonal IgE antibody against the major allergen Der p 2 and 

Sepharose-coupled recombinant Der p 2 (19) 

In order to collect venous blood of the infants, home visits were made at 2 years 

postpartum. Infant’s venous blood samples were analyzed for specifi c IgE against 

hen’s eggs, cow’s milk, peanuts, birch, grass pollen, cat, dog and mite using 

RAST as described earlier (18). The detection limit for total and specifi c IgE was 

0.50 IU/ml and 0.10 IU/ml, respectively.
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Defi nition of maternal allergic history and maternal sensitization

A positive maternal allergic history was defi ned if in her self reported questionnaire 

the mother positively confi rmed that a physician had at least once diagnosed 

asthma, eczema, allergy for house dust mite/pets, or allergic rhinoconjunctivitis 

(such as hayfever). 

Maternal sensitization was considered as present if serum specifi c IgE against 

one or more of the tested inhalant or food allergens was positive (> 0.3 IU/ml). 

High total IgE for mothers was arbitrarily defi ned as total IgE level > 100 IU/ml.

Defi nition of infant’s atopic manifestations and infant’s allergic sensitization

Information on the development of eczema (based on ISAAC questions) was 

obtained in the 3, 7 and 12 months questionnaires. Parents were asked; ‘has your 

child ever had an itchy rash that was coming and going in the past months’? If this 

question was answered affi rmatively, infants were defi ned as having developed 

eczema in the fi rst two years of life. Cases of only diaper rash, rash around 

the eyes and/or scalp scaling were excluded. ‘Ever wheezing’ was defi ned as 

parentally reported presence of wheezing, with at least one attack, in the 7, 12 or 

24 month postpartum questionnaires. Infant’s were considered to be sensitized if 

specifi c serum IgE-levels were > 0.3 IU/ml against one or more of the tested food 

or inhalant allergens. High total IgE for infants was arbitrarily defi ned as total IgE 

level > 10 IU/ml.

Atopic dermatitis by UK Working Party criteria

To specify eczema reported by parents as described above, we defi ned atopic 

dermatitis according to UK Working Party criteria (20) for all infants who were 

visited at home at age 2 years. The probability of the presence of atopic dermatitis 

was derived from the presence of four clinical symptoms: 1) presence of itchy rash 

(PIR, coded as 0 = absent, 1 = present), 2) history of fl exural dermatitis (HFD, 0 = 

absent, 1 = present), 3) visible fl exural dermatitis (VFD, 0= absent, 1 = present), 

and 4) onset before age of 2 years (OB2, 0 = absent, 1 = present). The UK-WP 

probability score of atopic dermatitis (AD) is then computed as: probability AD = 

odds (AD)/[odds (AD)+1]; where odds (AD) = exp[-4.36 + 1.84(HFD) + 3.46(OB2) + 

2.09 (VFD) +1.71(PIR)] (20). In this study, infants with a UK-WP probability score of 

atopic dermatitis (AD) > 0.9 were regarded as infants with ‘probable presence of 

atopic dermatitis’.
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Statistical analysis

Extreme values of concentrations of cytokines and sCD14 were not excluded since 

these did not infl uence our results. Mean values of concentrations of cytokines 

and sCD14 were compared between groups using analysis of variance (ANOVA). 

To assess the association between cytokines and infant’s atopic manifestations 

we conducted a multivariate logistic regression analysis in order to adjust for 

possible confounders (‘recruitment group’ (conventional versus alternative), 

maternal age (years), maternal allergic history (yes/no), number of older siblings 

(no siblings, one, two or more), season of breast milk collection (winter 2002-

2003, spring 2003, summer 2003), use of probiotics in capsules or yogurts at 1 

months postpartum (yes/no), maternal infection in week of breast milk collection 

(yes; that is, vomiting, diarrhoea, having a cold, sore throat, mastitis, fever or 

urinary tract infection), time-interval between birth and breast milk collection (in 

days) and total storage time in freezer until analysis (in days)). Based on sample 

sizes of previous studies (9, 14) we estimated that 300 breast milk samples 

were suffi cient to detect differences of interest. We consider p-values ≤ 0.05 as 

statistically signifi cant. All analyses are presented for both recruitment groups 

(conventional and alternative cohort) together, because stratifi ed analyses 

showed similar results for both groups.

RESULTS

A total of 315 mothers donated a breast milk sample at one month postpartum. 

This sub cohort consisted of 60% of breastfeeding mothers from the KOALA 

study who were visited for venous blood collection at 34-36 weeks of gestation 

(from October 2002 onwards). The main reasons for not donating breast milk 

were unsuccessful breastfeeding or logistic reasons. The characteristics of these 

mothers and their infants are summarized in Table 1. We could determine TGF-β1 

and sCD14 in 307 (98 %) breast milk samples whereas IL-12 was determined in 

293 (93%) samples. No data of IL-10 in breast milk is presented since we did not 

detect IL-10 above the detection limit of 0.2 pg/ml.
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Table 1

Characteristics of participants (with conventional versus alternative lifestyle) with breast milk 

sample (N=315)

   Conventional Alternative

   N=146 N=169

Maternal age in years (mean ± SD) 32.4 ± 3.3 34.0 ± 4.2

Breastfeeding duration in months (mean ± SD) * 4.2 ± 3.0 6.5 ± 3.1

Sex of infant (no. of boys, percentage) 71 (48.6 %) 83 (49.1 %)

Infant’s atopic outcome, at age 2 years  

 Eczema by questionnaire (yes, percentage) 42 (28.8 %) 51 (30.2 %)

 Atopic dermatitis by UK-WP (yes, percentage) 16 (11.0 %) 15 (8.9 %)

 Wheeze (yes, percentage) 41 (28.1 %) 42 (24.9 %)

 Both eczema + wheeze (yes, percentage) 11 (7.5 %) 12 (7.1 %)

Cytokines and sCD14 in breast milk  

 TGF-β1 in pg/ml (mean ± SD) N=307 † 225.6 ± 178.3 212.5 ± 117.8

  Range TGF-β1 in pg/ml 12.0 - 1536.8 2.0 – 647.9

 IL-10 in pg/ml  ND ‡ ND ‡

 sCD14 in µg/ml (mean ± SD) N=307 † 7.7 ± 2.9 7.1 ± 2.2

  Range sCD14 in µg/ml 1.7-23.8 2.3-20.1

 IL-12 in pg/ml (mean ± SD) N=293 † 10.6 ± 6.5 10.8 ± 6.0

  Range IL-12 in pg/ml 0.7-52.8 1.5-51.6

* Exclusive and non-exclusive breastfeeding.

† Missings due to insuffi cient aqueous fraction available.

‡ Not detectable i.e. under the detection limit of 0.2 pg/ml.

We found no difference in mean concentrations of TGF-β1 in breast milk between 

mothers with or without an allergic history (Table 2). Also, mean concentrations of 

TGF-β1 in breast milk were not different between mothers with and without allergic 

sensitization (p=0.15) (Table 2) or between mothers with or without high levels of 

total IgE (not shown). For sCD14, we found a somewhat higher concentration in 

breast milk in mothers with an allergic history compared to mothers without (7.6 

vs 7.0 µg/ml; p=0.04) (Table 2). Also, we found a higher concentration of sCD14 

in mothers who were sensitized compared to non sensitized mothers (7.8 vs 7.1 
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µg/ml, p=0.03) (Table 2). The levels of sCD14 were similar in mothers with high 

versus low total IgE levels (7.3 vs 7.2 µg/ml; p=0.84; results not shown in table). 

Finally, we did not detect differences in mean concentrations of IL-12 in breast 

milk between mothers with and without an allergic history or between sensitized 

and non sensitized mothers (Table 2), nor between mothers with and without high 

levels of total IgE (not shown).

Table 2

Mean concentrations of TGF-β1, sCD14 and IL-12 in breast milk related with maternal allergic 

history and specifi c serum IgE 

 TGF-β1 (pg/mL) sCD14 (µg/mL) IL-12 (pg/mL)

 (n) Mean (SD) (n) Mean (SD) (n) Mean (SD)

Maternal allergic history       

No 125 221.1 (140.1) 124 7.0 (2.4) 120 10.3 (6.2)

Yes 182 216.9 (155.1) 183 7.6 (2.6) 173 11.0 (6.3)

 P †        0.81     0.04   0.35 

Maternal sensitization       

No sensitization* 164 207.9 (127.3) 164 7.1 (2.8) 164 10.4 (5.2)

Sensitization 123 238.1 (180.2) 123 7.8 (2.4) 123 11.1 (7.4)

 P †        0.15     0.03   0.35

SD standard deviation

* Specifi c IgE > 0.3 IU/ml for any of the 13 measured food or inhalant allergens (missing n=6)

† P value based on ANOVA

The results for the relationships between the concentrations of breast milk immune 

factors (in tertiles) and the infant’s atopic outcome are presented in Table 3. The 

risk of infant’s eczema (by questionnaires) and wheeze was not associated with 

breast milk levels of TGF-β1, sCD14 and IL-12 (odds ratios show no trend over the 

tertiles, and 95% confi dence intervals include the value 1.0). Also no association 

was present between the presence of allergic sensitization and TGF-β1, sCD14 and 

IL-12 (Table 3). Neither did we fi nd an association between high total serum IgE (> 

10 IU/ml) or atopic dermatitis by UK Working Party criteria and TGF-β1, sCD14 and 

IL-12 (results not shown).
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Table 3

Adjusted odds ratios for the presence of eczema and wheezing in the fi rst two years of life and 

allergic sensitization at age 2 years, depending on the concentrations of TGF-β1, sCD14 and 

IL-12 (in tertiles) in breast milk

 Infant’s eczema  Infant’s wheeze Infant’s sensitization

 (by questionnaires)  

 n aOR (95%CI) † n aOR (95%CI) † n aOR (95%CI) †

TGF-β1 (pg/ml)         

Low (2.0-166.9) 30 1.0 (reference) 24 1.0 (reference) 17 1.0 (reference)

Middle (166.9-248.4) 32 1.14 (0.59-2.10) 28 1.21 (0.61-2.93) 21 1.19 (0.52-2.74)

High (248.5-1536.8) 28 1.00 (0.53-1.91) 28 1.13 (0.57-2.23) 12 0.51 (0.21-1.24)

 P for trend 1.00 (N=299) 0.73 (N=299) 0.13 (N=200)

        

sCD14 (µg/ml)         

Low (1.7-6.3) 29 1.0 (reference) 25 1.0 (reference) 16 1.0 (reference)

Middle (6.4-8.0) 38 1.70 (0.90-3.23) 26 1.38 (0.69-2.77) 18 1.11 (0.49-2.54)

High (8.1-23.8) 26 1.00 (0.50-2.00) 32 1.85 (0.92-3.69) 17 1.06 (0.46-2.47)

 P for trend 0.98 (N=307) 0.08 (N=307) 0.89 (N=207)

        

IL-12 (pg/ml)         

Low (0.6-7.8) 24 1.0 (reference) 24 1.0 (reference) 18 1.0 (reference)

Middle (7.9-11.8) 35 1.60 (0.83-3.11) 29 1.35 (0.68-2.69) 13 0.77 (0.32-1.89)

High (11.9-52.8) 26 1.18 (0.59-2.38) 22 1.06 (0.51-2.21) 15 0.77 (0.33-1.83)

 P for trend 0.61 (N=285) 0.84 (N=285)  0.54 (N=190)

aOR adjusted odds ratio.

* Sensitization is defi ned as specifi c serum IgE-levels > 0.3 IU/ml against one or more of the tested food 

or inhalant allergens.

† From logistic regression analysis, adjusting for: recruitment group (conventional versus alternative), 

maternal age, maternal allergic history, number of older siblings, season of breast milk collection, 

maternal use of probiotics, maternal infection (during week of breast milk collection), time-interval 

between birth and breast milk collection (in days) and total storage time in freezer until analysis (in 

days).
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DISCUSSION

In the present study we found higher levels of sCD14 in mothers with a maternal 

allergic history and sensitization. No such associations between TGF-β1 and IL-

12 in breast milk and maternal allergic status were found. None of the studied 

immune factors (TGF-β1, sCD14 and IL-12) in breast milk were associated with 

infant’s atopic outcomes.

Our fi rst aim was to assess whether milk levels of TGF-β1, IL-10, IL-12 and sCD14 

refl ect the mother’s allergic history. A few studies have compared concentrations 

of immune factors in breast milk between atopic and non atopic mothers. In a 

small study, Rigotti et al found that TGF-β1 was signifi cantly less in the mature 

milk of allergic mothers (21). In agreement with the present study, Böttcher et al 

reported no differences for TGF-β (22). In agreement with our fi ndings, a small 

study found no associations between IL-12 in breast milk and a maternal atopic 

status (23). Our fi ndings of higher levels of sCD14 in mothers with a maternal 

allergic history (p=0.04) or mothers with sensitization (p=0.03) have not been 

reported earlier. However, the results of a German study presenting a slightly 

higher prevalence of maternal atopic history in the upper quartile of breast milk 

sCD14, directed towards borderline statistical signifi cance (p=0.07) (15). Savilahti 

et al found lower levels of sCD14 in colostrum of atopic versus nonatopic mothers 

when the defi nition of atopy was based on a single symptom but when a more 

rigid defi nition was used, the difference disappeared (24). For sCD14 levels in 

breast milk, our results tend towards a relation with both a maternal allergic 

history and maternal sensitization but not with high total IgE in the mother. We 

speculate that disease activity (at moment of breast milk sampling) in atopic 

mothers may be refl ected in higher sCD14 levels. Higher levels of serum sCD14 are 

seen in subjects with disease activity for instance after exacerbation of asthma in 

children (25, 26). However, we did not assess the asthmatic status or the presence 

of rhinoconjuctivitis at the moment of breast milk sampling. Alternatively, atopic 

versus non-atopic mothers could differ in genetic constitution leading to different 

sCD14 levels. Guerra et al found that sCD14 levels in milk differed signifi cantly by 

CD14/-1619 and CD14/-550 genotypes and haplotypes (27). The biologic relevance 

for the infant of such small differences in sCD14 concentrations between atopic 

and non atopic mothers can be argued.
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Our second aim was to assess whether TGF-β1, IL-10, IL-12 and sCD14 levels in breast 

milk were associated with the development of infant’s atopic manifestations. 

We consider infant’s eczema (by questionnaire, adapted from ISAAC) and 

sensitization as separate outcome parameters instead of atopic eczema because 

sensitized infants do not necessarily show symptoms of eczema or vice versa (28). 

Consequently we use the term eczema instead of atopic eczema. However we use 

the term ‘atopic dermatitis’ for infants fulfi lling the UK-WP criteria according to the 

criteria of Williams et al (20). If we used more stringent criteria for wheeze such 

as proposed by others (29), the number of cases was too small for a multivariate 

analysis.

We found no associations between TGF-β1, sCD14 and IL-12 and infant’s atopic 

outcomes.

The Infant Immune Study (Tucson, Arizona) found a statistically signifi cant 

association between low levels of TGF-β1 and wheeze at the age of 1 year (9). 

Furthermore, the British study of Jones et al found that low levels of breast milk 

sCD14 were associated with a diagnosis of eczema in 6-months-old infants, 

irrespective of skin prick testing, in a high risk cohort (14). More recently, 

Rothenbacher et al found a lower risk for atopic eczema for breastfed infants (≥ 6 

months, sCD14 in highest quartile) versus less than 3 months breastfeeding. They 

suggested that the benefi cial effects of breastfeeding are supported by high levels 

of sCD14 (15). By contrast, Laitinen et al found that sCD14 tended to be higher in 

mature breast milk received by infants with versus without atopic eczema with 

positive skin prick test. Previous studies have investigated IL-10 (9, 22, 30-32), IL-

12 (23, 33, 34) or TGF-β1 (8, 9, 22, 24, 32, 35, 36) concentrations in breast milk with 

inconsistent results with respect to the mothers and/or infant’s atopic outcomes. 

We speculate that three explanations may clarify these inconsistencies. First, 

differences in methodologies could be an explanation, e.g. the moment of breast 

milk sampling. It can be anticipated that cytokine concentrations are higher in 

colostrum than mature milk. This is not supported by a study with longitudinal 

human milk collection, reporting a little change in the mean concentration of 

both TGF-β1 and TGF-β2 during the fi rst 12 weeks of lactation, including colostrum 

(36). However, this may not necessarily apply for sCD14 and IL-12. Second, effects 

caused by colostral factors may no longer be valid at the infant’s age of one 

month because the permeability of the gut is diminishing and the effi ciency of 

proteolysis is enhanced (37). 
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In addition, Blais et al found that sCD14 in breast milk is more susceptible to the 

infant’s pancreatin digestion versus pepsin digestion by in vitro experiments, 

suggesting decreased activity of sCD14 in the LPS-rich environment of the distal 

bowel (38).

Third, the use of different ELISA kits may explain inconsistent results between 

studies (23). It was noted in two studies that the use of ELISA assays of R&D 

Systems did not detect IL-12 in breast milk (33, 34). We were also unable to detect 

IL-12 in breast milk with that same ELISA. However, using a high sensitivity kit 

(Biosource Int.) we detected IL-12 in our breast milk samples. Previously, IL-12 was 

also found in breast milk samples in a study using ELISA assays of Pharmingen 

(San Diego, CA) (23). 

A limitation of our study was a restriction of complete standardization of breast 

milk collection. Different modes of pumping and individual variation in pumping 

techniques could have led to variation of the measured immune factors. The 

strength of this study was the number of breast milk samples available as only 

a few studies measured sCD14 or cytokines in a large amount of breast milk 

samples. 

In summary, we found higher concentrations of sCD14 in breast milk in mothers 

with a positive allergic history and mothers with allergic sensitization but not for 

high total IgE. Taken together the results of the present study and other studies, 

we conclude that there may be no consistent effect on inter-individual differences 

of TGF-β1, sCD14 and IL-12 in breast milk and the infant’s atopic outcomes. 

Therefore the search for modifying effects of factors present in breast milk on the 

development of atopic manifestations should continue. 
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ABSTRACT

Background

Different CD14 polymorphisms have been associated with atopic phenotypes 

in infants. In addition, CD14 genotypes of breastfeeding mothers have been 

associated with soluble CD14 (sCD14) levels in breast milk. The role of CD14 

genotype of infant and mother and their interaction with sCD14 levels in breast 

milk in atopy development remains to be established. 

Objective

We aimed to study the associations of CD14 single nucleotide polymorphisms 

(SNPs), and their interaction with breast milk sCD14, with atopy development 

at age two. In addition, we assessed whether levels of sCD14 in breast milk 

associated with SNPs in CD14.

Methods

Four SNPs in CD14 gene were investigated in 698 infants and 188 mothers. 

Associations between these SNPs, sCD14 and atopy development were analyzed 

in multiple logistic or linear regression models. 

Results

SNP CD14/-1619 was associated with eczema. The CC homozygotes showed a 

lower risk of eczema versus TT homozygotes (adjusted odds ratio=0.56, 95% 

confi dence interval 0.33-0.96) in a co-dominant model. Breast milk sCD14 levels 

did not signifi cantly modify the effect of the child’s CD14 genotype on atopy 

development (p interaction ≥0.10). Maternal CD14 SNPs were not signifi cantly 

associated with sCD14 levels in breast milk (ANOVA, p≥0.48).

Conclusions

We found an association between CC homogyzotes of SNP CD14/-1619 and 

eczema. Our data did not support a modifying role of breast milk sCD14 levels on 

the relationship between CD14 genotype and atopy development at age 2 years.
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INTRODUCTION 

Both genetic and environmental factors are known to contribute to the development 

of atopy, such as eczema, total IgE, allergen sensitization and asthma.1 The gene 

encoding CD14 is a candidate gene for atopy on chromosome 5q31.1, a region 

that has been linked with asthma and atopic responses.2 The protein CD14 is 

a cell-surface receptor that in conjunction with Toll-like receptor- (TLR) 4 binds 

to bacterial lipopolysaccharide (LPS), thereby playing a role in the innate host 

defence.3, 4 In addition, the soluble form of this protein receptor (sCD14) may 

act as a receptor through CD14-negative cells, such as intestinal epithelial and 

dendritic cells, enabling these cells to respond to endotoxin stimuli and to affect 

the immune system in postnatal maturation.5, 6

Most studies investigating the association between CD14 and atopic phenotypes 

have focussed on SNP CD14/-159 (i.e. rs2569190, also called CD14/-260). Baldini 

et al reported an association between CD14/-159 C allele and serum IgE levels 

in skin test positive children.2 Later reports also found an association of the 

C allele with total serum IgE levels and other atopic phenotypes7-9, but other 

studies did not confi rm this10-14 or found an association with the T allele.15-17 These 

discrepancies have been explained by interaction of the CD14 genotype with 

different levels of environmental microbial exposures, such as lipopolysaccharide 

(LPS).18 Alternatively, populations may differ by other genetic polymorphisms that 

could be in linkage disequilibrium (LD) with CD14/-159.19

The CD14/-159 promoter SNP may alter gene transcription20 and thus affect soluble 

CD14 levels. Indeed, Baldini et al reported an association of CD14/-159 with serum 

sCD14 levels at age 11 years.2 More recently, they found an association between 

CD14 genotypes (CD14/-4089, CD14/-1619, CD14/-159) and plasma sCD14 at three 

months of age, but not at birth, providing further support that genetic variation 

in the CD14 gene affects serum sCD14 levels.20 Also, Kabesch et al showed lower 

levels of serum sCD14 in CC versus TT homozygotes of the CD14/-159.13 However, 

this association was not confi rmed by others.21, 22

Few studies have investigated whether maternal CD14 polymorphisms could 

infl uence the levels of sCD14 in breast milk. In one study, CD14/-550 (rs5744455) 

and CD14/-1619 (rs2915863) genotypes and haplotypes in mothers were 
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associated with sCD14 levels in breast milk collected at day 11 postpartum.23 

Breastfed infants are exposed to sCD14 in breast milk which may act as an 

additional exogenous source of CD14. Interestingly, reduced levels of sCD14 

in breast milk were associated with the development of eczema at the age of 

6 months in a high risk cohort (i.e. positive skin prick test response from fi rst-

degree relatives).24 Similarly, lower sCD14 levels in breast milk were associated 

with the development of atopy in 4 year old children.6 However, we could not 

confi rm such an association in the fi rst two years of life.25 Thus, both the infant’s 

CD14 genotype and the concentration of sCD14 in breast milk may affect atopy 

development in the child. It is unknown if these two factors interact. It is possible 

that for example, exogenous CD14 in breast milk may increase the receptor surface 

in the gut of sCD14 and therefore compensate lower CD14 availability in the child 

due to a specifi c CD14 promoter genotype.

In this study we investigate the associations of maternal CD14 SNPs on sCD14 

levels in breast milk. Second, we investigate the association between CD14 SNPs 

and atopy development in the fi rst two years of life. Finally, we assess whether the 

relation between infant CD14 genotypes and atopy development may be modifi ed 

by sCD14 levels in breast milk. 
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METHODS

Design

This study is part of the KOALA Birth Cohort Study, the Netherlands. The design 

of the study has been described in detail previously.26 Briefl y, participants with 

diverse lifestyles (conventional and alternative) were recruited at 34 weeks of 

gestation through different channels. Pregnant women with a conventional 

lifestyle (n=2343) were recruited from an ongoing prospective cohort study on 

Pregnancy-related Pelvic Girdle pain in the Netherlands. Additionally, pregnant 

women with an alternative lifestyle (n=491) were recruited through organic food 

shops, anthrophosophic doctors and midwifes, Steiner Schools, and magazines. 

During the fi rst two years postpartum, information on breastfeeding, atopic 

outcomes and their determinants were collected for all members of the cohort by 

repeated questionnaires at ages 3, 7, 12 and 24 months. The study was approved 

by the medical ethics committee of the Maastricht University. Written informed 

parental consent was obtained from all participants. 

Recruitment of the subcohort 

In this study we started with a subcohort of 864 of a total of 2834 KOALA 

participants. This is the number of infants that was available for vena puncture 

at age 2 based on informed parental consent. All participants were considered 

for home visits at age 2 years in the period in which we had the fi nancial means 

for those visits. Only for logistic reasons (e.g. geographic distance), some infants 

were not included, eventually leading to 864 infants. Table I B shows the baseline 

characteristics of the confounders of both the subcohort (n=864) versus the 

total cohort (n=2834). The selection of infants of whom buccal swabs for DNA 

extraction was available was based on the criterion: presence of venous blood at 

age 2. This resulted in a total of 698 (of the subcohort of 864) of whom the parents 

gave informed consent for obtaining DNA via buccal swabs. 

For the assessment of gene-environment interactions we had the availability of 

315 mothers in whom breast milk was sampled. This number was based on the 

number of mothers that intended to breastfeed (asked during pregnancy) and 

consent for sampling breast milk 1 month postpartum in the period between 

December 2002 and September 2003. Eventually, a total of 307 samples were 

suitable for sCD14 determination. Of those 307 mothers in whom we sampled 

breast milk, a total of 188 mothers gave consent to collect DNA via buccal swabs. 
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Measurement of infant’s total and specifi c IgE

In order to collect venous blood of the infants, home visits were made at 2 years 

postpartum. Infants’ venous blood samples were analyzed for specifi c IgE against 

hen’s eggs, cow’s milk, peanuts, birch, grass pollen, cat, dog and house dust mite 

using Radio Allergo Sorbent Test (RAST) as described earlier.27 Total serum IgE 

levels were determined as described earlier.27, 28 For values < 150 IU/ml a sandwich 

Radio Immuno Assay (RIA) was used28, for values >150 IU/ml a competitive RIA29. 

The detection limit for total and specifi c IgE was 0.50 IU/ml and 0.10 IU/ml, 

respectively.

Defi nitions of atopy and IgE sensitization

Infants were defi ned as having developed eczema in the fi rst two years of life if 

their parents reported an itchy rash that was coming and going in the past months 

based on the 7, 12 and 24 month postpartum questionnaires, based on ISAAC 

questions. Cases of only diaper rash, rash around the eyes and/or scalp scaling 

were excluded. 

As a stricter phenotype of the eczema we defi ned atopic dermatitis according to 

UK Working Party criteria30-32 for all infants who were visited at home at age 2 

years. The probability of the presence of atopic dermatitis was derived from the 

presence of four clinical symptoms: 1) presence of itchy rash (PIR, coded as 0 = 

absent, 1 = present), 2) history of fl exural dermatitis (HFD, 0 = absent, 1 = present), 

3) visible fl exural dermatitis (VFD, 0= absent, 1 = present), and 4) onset before age 

of 2 years (OB2, 0 = absent, 1 = present). The UK-WP probability score of atopic 

dermatitis (AD) is then computed as: probability AD = odds (AD)/[odds (AD)+1]; 

where odds (AD) = exp[-4.36 + 1.84(HFD) + 3.46(OB2) + 2.09 (VFD) +1.71(PIR)].30 In 

this study, infants with a UK-WP probability score of atopic dermatitis (AD) > 90% 

were regarded as infants with ‘probable presence of atopic dermatitis’. Infants 

were considered to be sensitized if specifi c serum IgE-levels were > 0.3 IU/ml 

against one or more of the tested food or inhalant allergens. 

Soluble CD14 in breast milk 

The collection and processing of breast milk has been described in detail 

elsewhere.25 Briefl y, breast milk was sampled in 315 breastfeeding mothers 

between December 2002 and September 2003, including a short questionnaire 

at the time of breast milk collection (1 month postpartum). In order to assess 

sCD14 concentrations in the aqueous fraction of breast milk, we used quantitative 
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colorimetric cytokine ELISA kits (R&D Systems Europe Ltd, Abingdon, UK) according 

to the manufacturer’s instruction. 

DNA collection, processing and genotyping 

Genomic DNA was extracted from buccal swabs from mothers and infants by 

performing chloroform-2-propanol extraction.33 Subsequently, DNA was amplifi ed 

by using REPLI-g UltraFast technology (Qiagen™). Haplotype tagging SNPs with 

a minimal allele frequency of 10% were retrieved from the Innate Immunity PGA, 

NHLBI Program in Genomic Applications. URL: http://innateimmunity.net (october 

2005)  Additional SNPs were selected from biomedical literature available until 

October 2005 for SNPs within CD14 known to have functional impact or to be 

associated with asthma or atopy.

Genotyping of CD14 SNPs

Five single nucleotide polymorphisms (SNP) of the CD14 gene (i.e. CD14/-159 

(rs2569190), CD14/-1145 (rs2569191), CD14/-1619 (rs2915863), CD14/-550 

(rs5744455) and CD14/-1359 (rs3138078)) were genotyped in 698 KOALA infants 

(i.e. those infants who had a home visit at age 2 (for (specifi c) IgE determination 

and assessment of AD UK-WP) and whose parents later gave also informed 

consent for DNA collection). The same polymorphisms were determined in 188 

KOALA mothers (i.e. those mothers who had collected a breast milk sample at one 

month postpartum and who later gave informed consent for DNA collection). 

The innate immunity data are based on genotype information of 23 subjects of 

European American ancestry from the Coriell Institute. Minimal sets of haplotype 

tagging SNPs were obtained using PHASE software package which uses a Bayesian 

partition/ligation method (PHASE (v.2) http://www.stats.ox.ac.uk/mathgen/

software.html.) 

We aimed to obtain information on >80% of the variation within a gene by 

selecting tagSNPs of those haplotypes that represent haplotype frequencies of 

>80% of all haplotypes observed in the population. Figure 1 shows the linkage 

disequilibrium between the markers. 

Genotyping was performed by Competitive Allele-Specifi c PCR using KASPar™ 

genotyping chemistry, performed under contract by K-Biosciences (http://www.

kbiosciences.co.uk/). Quality of genotype data was guaranteed by standards of 

K-Biosciences. We verifi ed the genotyping quality by another three steps: 1) 16 
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samples were genotyped in both genomic and amplifi ed DNA;  2) in the same 

genotyping process, trios were added to check inheritance of alleles between 

parents and children was checked using FBAT (http://www.biostat.harvard.edu); 

3) genotype data were analyzed for deviations from Hardy-Weinberg equilibrium. 

Genotyping of the same polymorphisms in 188 KOALA mothers was done as 

follows:

Three SNPs were analysed using TaqMan probes and primers on an ABI7900HT 

apparatus using SDS 2.2 software (Applied Biosystems). The assay for the 

SNP at nucleotide position -159 (rs2569190) was ordered as an Assay-on-

De mand assay (hCV16043997), and TaqMan assays for the -550 (rs5744455) 

and -1619 (rs2915863) were ordered through the Assay-by-Design service 

(Applied Biosystems). Primers and MGB-probes for the latter two assays were: 

rs5744455, forward primer 5’-AAGAAAGTTATTACTTAATCAAAGGAGCAAGGA, reversed 

primer 5’- AACCTCATCTGTTGGCACCAA, VIC-probe 5’- AAGAAAAGGAAGTTAGTCTAAA 

and FAM-probe 5’-AAAAGGAAGTTGGTCTAAA ; rs2915863, forward primer 5’- 

GGCGAGAGCCACCACA, reversed primer 5’- CAACAAGAACAAAACTCCGTCTCAA, VIC-

Figure 1

Linkage disequilibrum between markers

CHAPTER 6



115

probe 5’- CTGAAAGTCTTTTTTACTTTTAT, and FAM-probe 5’- TGAAAGTCTTTTTTATTTTTAT. 

The fourth SNP, rs2569191 at -1145, was analysed by allele specifi c, quantitative 

PCR. Using one reversed and three different forward primers, one for each allele 

and a third primer amplifying both alleles, 3 separate real time PCR reactions were 

carried out using a standard PCR protocol with a SYBR Green containing reaction 

mixture (Quantitect, Qiagen Benelux BV, The Netherlands) on an ABI7900HT 

machine. Ct values of all three reactions were determined with the aid of SDS 2.2 

software. The delta-Ct between the respective allele specifi c reactions and the 

both-allele reaction were calculated allowing the genotypes to be determined. 

The sequence of the reversed primer was 5’-GGTCTAGGGATGTGGACCTG, the 

sequences of the three forward primers were: -1145Both  5’-GAGGATTAATTAGTA

ACTCACCAGTT, -1145C-allele 5’-GGATTAATTAGTAACTCACCAGTcTC, -1145T-allele 5’-

GGATTAATTAGTAACTCACCAGTcTT. The lower case “c” nucleotide at the third to last 

position is a deliberately introduced mismatch with respect to the target sequence 

to improve amplifi cation specifi city.

Statistical analyses

Genotype distribution was tested for deviations from Hardy-Weinberg Equilibrium 

using χ2 analyses. The associations between sCD14 levels in breast milk and 

maternal CD14 polymorphisms were determined using analysis of variance 

(ANOVA). We tested all the genetic models in a co-dominant model, by analyzing 

the three genotypes separately.

Relationship between infant CD14 polymorphisms and the development of atopy 

until age 2 years: Association analyses were performed in infants who received a 

house visit at age 2 years (n=867). The logistic regression analysis was adjusted 

for recruitment group (conventional versus alternative), maternal age, siblings 

atopic history i.e. parental reported doctor’s diagnosed food allergy, eczema, 

hay fever, asthma, pet and/or house dust mite allergy (no siblings; ≥ 1 siblings, 

all none-atopic; or ≥ 1 siblings, at least 1 atopic), maternal smoking during 

pregnancy/lactation (yes versus no), presence of pets i.e. cats and/or dogs 

(yes versus no), gender of the infant (boy, girl). All potential confounders were 

simultaneously included in the logistic regression model. With regard to Total IgE 

as an outcome, the corresponding geometric means were determined by means 

of ANOVA (adjusted for the same confounders).
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Gene Environment Interactions between infant CD14 polymorphisms and sCD14 

levels in breast milk: When assessing the gene environment interactions between 

CD14 and sCD14, we used the subgroup of breastfed infants of whose mothers 

information on breast milk sCD14 concentration was available (n=307). The 

potential confounders included in the logistic regression model were similar as 

described above. In addition, the level of sCD14 (µg/mL) in breast milk was added 

as co-variable since we aimed to address the gene-environment interaction 

between sCD14 (high (i.e. upper tertile) versus low (i.e. middle and lower tertile)) 

in breast milk and infant CD14 polymorphisms, comparing logistic regression 

models with and without interaction terms using the Likelihood Ratio test.

RESULTS 

Baseline characteristics of the study population are summarized in Table 1A. 

Infants of mothers in the alternative lifestyle cohort were less likely to be 

exposed to smoking during pregnancy or lactation than infants of mothers in the 

conventional cohort (2% versus 8%, respectively). Also, more infants of mothers 

with alternative lifestyle were breastfed than infants of mothers in the conventional 

cohort (97% versus 83%). 1 SNP failed because of designing problems (CD14/-

1359 (rs3138078), however this SNP was not a haplotype tagging SNP (i.e. in 

strong LD with CD14/-550 (rs5744455) ), but a SNP previously associated with 

atopy. Therefore this SNP was not replaced by another SNP.
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Table 1 A

Baseline characteristics of infants in both recruitment groups and total of the subcohort 

 CONVENTIONAL ALTERNATIVE TOTAL

 (N=622)* (N=242)* (N=864)*

  n (%) n (%) n (%)

CD14 polymorphisms tested n (%)      

 CD14/-159† (rs2569190) 489 (79%) 203 (84%) 692 (80%)

 CD14/-1145† (rs2569191) 491 (79%) 207 (86%) 698 (81%)

 CD14/-1619† (rs2915863) 477 (77%) 204 (84%) 681 (79%)

 CD14/-550† (rs5744455) 477 (77%) 201 (83%) 678 (78%)

Gender boys (yes) n (%) 322 (52%) 126 (52%) 448 (52%)

Sibling history of atopy development      

 No siblings 523 (84%) 191 (79%) 714 (83%)

 ≥ 1 sibling, all non-atopic 65 (11%) 31 (13%) 96 (11%)

 ≥ 1 sibling, at least one atopic 34 (6%) 20 (8%) 54 (6%)

Maternal age in years, mean (sd)  32 (4)  34 (4)  33 (4)

Maternal smoking during pregn/lact (yes) 48 (8%) 4 (2%) 52 (6%)

Presence of pets (yes) 254 (41%) 94 (39%) 348 (40%)

Infants’ atopic outcomes until age 2 years      

 Atopic Dermatitis UK-WP 88 (14%) 28 (12%) 116 (13%)

 Eczema 199 (32%) 69 (29%) 268 (31%)

 Sensitization 168 (29%) 57 (24%) 225 (27%)

 Total serum IgE (IU/mL), median (range)       11 (≤0.5-5300)       16 (≤0.5-3700)       12 (≤0.5-5300)

*  overall numbers may not add up to total because of missing values

†  relative from the transcription start site
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Table 2

Allele Frequencies for mother and infant

  Mother (N=188)* Infant (N=698)*

CD14/-159 TT 27.0% 24.3%

 CT 51.4% 48.7%

 CC 21.6% 27.0%

CD14/-1145 CC 27.7% 25.2%

 CT 52.7% 47.3%

 TT 19.7% 27.5%

CD14/-1619 CC 21.4% 17.0%

 CT 51.9% 48.5%

 TT 26.7% 34.5%

CD14/-550 CC 61.2% 69.1%

 CT 36.2% 35.0%

 TT 2.7% 5.9%

* Overall numbers (not shown) did not always add up to total of 188 for mothers and 698 for infants 

because of missing values 

Table 1 B

Distribution of confounders: subcohort versus total cohort

  SUBCOHORT  TOTAL

  (N=864)*  (N=2834)*

Alternative participants (yes) n (%) 242 (28%) 491 (17%)

Gender boys (yes) n (%) 448 (52%) 1450 (51%)

Sibling history of atopy development    

 No siblings 714 (83%) 2250 (79%)

 ≥ 1 sibling, all non-atopic 96 (11%) 329 (12%)

 ≥ 1 sibling, at least one atopic 54 (6%) 127 (5%)

Maternal age in years, mean (sd)  33 (4)  32 (4)

Maternal smoking during pregn/lact (yes) 52 (6%) 243 (9%)

Presence of pets (yes) 348 (40%) 1194 (42%)

* overall numbers may not add up to total because of missing values 
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The distributions of maternal and infant genotypes for the four different SNPs are 

presented in Table 2. Genotype frequencies of all four SNPs in mother and infant 

were found to be in Hardy-Weinberg Equilibrium (p values from χ2-tests always 

larger than 0.51). 

Relationship between sCD14 in breast milk and maternal CD14 polymorphisms

Concentrations of sCD14 in breast milk (N=307) were normally distributed (mean 

7.4 µg/mL, standard deviation 2.6 µg/mL). Table 3 shows that mean sCD14 

concentrations in breast milk did not differ across the genotypes of the four tested 

maternal CD14 polymorphisms. 

Table 3

Values of sCD14 in breast milk by CD14 genotypes of the mother

  N sCD14 in breast milk 

   (in µg/mL), mean (sd)

CD14/-159 TT 50 7.6 (2.0)

 CT 95 7.2 (2.6)

 CC 40 7.4 (3.3)

    ANOVA (p value) =0.70

CD14/-1145 CC 52 7.6 (2.1)

 CT 99 7.2 (2.6)

 TT 37 7.6 (3.5)

    ANOVA (p value) = 0.58

CD14/-1619 CC 40 7.6 (2.0)

 CT 97 7.2 (2.6)

 TT 50 7.4 (3.1)

    ANOVA (p value) = 0.57

CD14/-550 CC 115 7.3 (2.5)

 CT 68 7.4 (2.9)

 TT 5 8.8 (2.4)

    ANOVA (p value) = 0.48
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Relationship between infant CD14 polymorphisms and the development of atopy 

until age 2 years

One CD14 polymorphism was signifi cantly associated with eczema. CC homozy-

gotes of CD14/-1619 showed a statistically signifi cantly lower risk of eczema 

compared with TT homozygotes (adjusted OR=0.56, 95%CI 0.33-0.96, Table 

4) in the co-dominant model, an effect not observed in the heterozygotes (CT 

heterozygotes: adjusted OR=1.28, 95%CI 0.89-1.84, Table 4). When combining 

Table 4

Adjusted odds ratios for CD14 polymorphisms and atopy development until age 2 years 

(N=864)

  AD UK-WP ECZEMA ALLERGIC SENSITIZATION

  aOR (95% CI)* aOR (95% CI)* aOR (95% CI)*

CD14/-159 CC 1.00 (reference) 1.00 (reference) 1.00 (reference) 

 CT 1.59 (0.92-2.75) 1.32 (0.89-1.96) 1.13 (0.75-1.72)

 TT 0.86 (0.43-1.17) 0.77 (0.47-1.24) 0.91 (0.55-1.49)

    

CD14/-1145 TT 1.00 (reference) 1.00 (reference) 1.00 (reference)

 CT 1.44 (0.84-2.45) 1.32 (0.89-1.96) 1.03 (0.68-1.56)

 CC 0.74 (0.38-1.46) 0.78 (0.48-1.24) 0.86 (0.53-1.40)

    

CD14/-1619 TT 1.00 (reference) 1.00 (reference) 1.00 (reference)

 CT 1.35 (0.82-2.21) 1.28 (0.89-1.84) 1.02 (0.69-1.50)

 CC 0.55 (0.25-1.21) 0.56 (0.33-0.96) 0.90 (0.54-1.51)

    

CD14/-550 CC 1.00 (reference) 1.00 (reference) 1.00 (reference)

 CT 1.43 (0.90-2.27) 1.22 (0.86-1.74) 1.19 (0.82-1.73)

 TT 0.59 (0.17-2.01) 0.83 (0.40-1.79) 1.39 (0.65-2.96)

* Adjusted odds ratios (aOR) with 95% confi dence intervals (95%-CI) from logistic regression analysis, 

adjusted for: recruitment group (conventional versus alternative), maternal age, siblings atopic history 

i.e. parental reported doctor’s diagnosis of food allergy, eczema, hay fever, asthma, pet and/or house dust 

mite allergy (no siblings; ≥ 1 siblings, all none-atopic; or ≥ 1 siblings, at least 1 atopic), maternal smoking 

during pregnancy/lactation (yes versus no), presence of pets i.e. cats and/or dogs (yes versus no), gender 

of the infant (boy, girl)
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the TT homozygotes and CT heterozygotes into a recessive model, again the CC 

homozygotes showed a lower risk of eczema (OR=0.48 95%CI 0.30-0.79, not 

shown in Table 4). The same adjusted OR was observed for AD UK-WP (Table 4). 

None of the other SNPs were found to be statistically signifi cantly associated 

with the outcomes (AD UK-WP, eczema, or allergic sensitization at age 2 (Table 

4)). Also, there were no statistically signifi cant associations between any of the 

tested CD14 polymorphisms and crude geometric means of total IgE levels at age 

2 (Figure 2). These results for total IgE levels did not change after adjusting for all 

potential confounders (results not shown).

Gene Environment Interactions between infant CD14 polymorphisms and sCD14 

levels in breast milk

Breast milk sCD14 levels did not modify the effect of infant’s CD14 genotype on 

atopy development at age 2 years. All multiplicative interaction terms that were 

assessed in order to test our initial hypothesis (i.e. the effect of infant CD14 

polymorphism may be modifi ed by sCD14 levels in breast milk), were statistically 

non-signifi cant (p-values for interactions always larger than 0.10, N=307).

Figure 2

Geometric Means (95% CI) for total IgE levels at age 2 years by Infant CD14 polymorphisms*. 

* y-axis: concentration total IgE (in IU/mL) at 2 years 
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DISCUSSION

This study shows a protective association for CC homozygotes of CD14 gene 

(SNP CD14/-1619) on eczema until the age of 2 years both in a co-dominant and a 

recessive model for the C allele. To our knowledge, we are the fi rst to report such 

an association between SNP CD14/-1619 and infant eczema. Our results on eczema 

were confi rmed when taking a more strict phenotype, i.e. atopic dermatitis by UK-

WP, although this result was not statistically signifi cant probably due to a smaller 

sample size. 

Earlier, an association has been found between two other CD14 SNPs (CD14/-

2738 (=rs2569193) and CD14/-159) and eczema.34 Our results can not be regarded 

as a confi rmation of the results on SNP rs2569193, given the low level of Linkage 

Disequilibrium (r2 of 0.2) between this SNP and CD14/-1619 (www.innateimmunity.

net). For SNP CD14/-159, we were not able to confi rm this association. The dis-

crepant fi nding may be explained by differences in phenotype defi nition. In the 

study of Litonjua et al34, parental reported eczema at 2 years was used, which 

was validated against both clinical examination and clinical chart-recorded 

diagnosis. Finally, these differences may be caused by other population specifi c 

SNPs, which could be in Linkage Disequilibrium with CD14/-159 in one population 

but not in another. Also, interactions between CD14 and environmental exposures 

may vary between populations and geographical areas.19 We did not correct for 

multiple testing given the specifi c hypothesis we formulated.  The consistence 

of our fi nding for both eczema and atopic dermatitis by UK-WP implies that these 

fi ndings are not likely due to chance. However, we acknowledge the multiplicity of 

our tests which implicates that these results need to be interpreted with caution.

Previously, we hypothesized that atopic versus non atopic-mothers may have 

a different genetic constitution, possibly leading to different sCD14 levels in 

breast milk.25 We found that atopic mothers had slightly higher levels of sCD14 

in breast milk versus non-atopic mothers.25 However, in the present study we 

found no signifi cant associations between maternal CD14 polymorphisms and 

the concentration of sCD14 in breast milk, determined at 1 month postpartum. 

Therefore, the effect of maternal atopic predisposition on sCD14 in breast milk 

could not be related to the CD14 polymorphisms in the present study. In contrast 

with our fi ndings, Guerra et al found that sCD14 levels in milk differed signifi cantly 
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by CD14/-550 and CD14/-1619 genotypes and haplotypes at day 11.23 Several 

reasons might explain these different fi ndings. First, subjects from the study 

by Guerra et al in Tucson (USA) may not be comparable to our Dutch population 

due to different genetic make-up. Indeed, 24% of the studied population in the 

Tucson study were of Hispanic origin (other 76% non-Hispanic Caucasians).23 

However, when comparing the CD14 allele frequencies between the two studies, 

no important differences were observed. Second, mean concentrations of 

sCD14 in breast milk found in the Tucson study 23 were approximately 2-fold the 

concentrations of sCD14 detected in our samples. As already hypothesized by 

Vercelli et al 18, 35, the effect of CD14 may be dose-dependent. Possibly this is also 

the case for sCD14. The differences in sCD14 concentration could also be due to a 

difference in timing of breast milk sampling (i.e. 11 days (Tucson) versus 1 month 

(KOALA) postpartum). 

Since asthma and atopy are complex disorders, it has been thought that gene-

environment or gene-gene interactions are likely to contribute to inconsistent 

study results. Earlier, SNP CD14/-159 has been shown to alter the transcriptional 

activity of CD14.20 Therefore it can be postulated that interactions of this SNP 

with other genes and environmental exposures could further modulate gene 

expressions and lead to different effects on IgE production and expression of 

atopic disorders.35 In the present study, we found no evidence that breast milk 

sCD14 levels could modify the effect of the child’s CD14 genotype on atopy 

development. It has been proposed that statistical signifi cance can only be 

reached when the combination of two effects exceeds the multiplicative value of 

both effects assessed separately.36 However, this defi nition of interaction may 

be conservative and is hardly observed in genetic studies of complex diseases, 

since large study populations or very strong interactions are needed to reach 

statistical signifi cance for multiple interaction.37 Our negative results may indeed 

be explained by a lack of power, since we were dependent on the number of 

breast milk samples (N=307). We are aware that our sample size is limited to 

detect gene environment interactions. However, we were able to exclude a strong 

interacting effect of breastfeeding and CD14 genotype. Also, we did not fi nd 

strong evidence for substantial selection bias as a result of using a subcohort 

(Table 1B). The number of alternative participants was higher but we believe that 

we have correctly adjusted for this confounder. We conclude from our data that 

a strong interacting effect of breast milk sCD14 with CD14 genotype on atopy 
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development was not present. Another explanation for these results may be a 

dose-dependent relationship between environmental exposures to bacterial 

products and the outcome of the immune response.18 Interestingly, Simpson et 

al showed in children with the CC genotype of SNP CD14/-159 that an increasing 

endotoxin load was associated with a signifi cant reduction in the risk of allergic 

sensitization and eczema but with an increased risk of nonatopic wheeze.38 

However, their results showed no effect on atopic wheeze, suggesting that the 

same genotype may confer an increase, a decrease, or no effect on sensitization, 

dependent on the population endotoxin exposure.38 

In conclusion, we found a protective association between the CD14 gene 

(SNP CD14/-1619) and infant eczema at the age of 2 years. Second, we found 

no signifi cant associations between maternal CD14 polymorphisms and the 

concentration of sCD14 in breast milk collected at one month postpartum. We 

conclude that breast milk sCD14 levels do not modify the effect of the child’s CD14 

genotype on the development of atopic manifestations at age 2 years.
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INTRODUCTION

In the current thesis we have investigated the role of breastfeeding from several 

perspectives in an attempt to shed light on the controversy concerning the role 

of breastfeeding with respect to atopic disease development. In this chapter, the 

main fi ndings are summarised, methodological considerations are discussed to 

facilitate a proper interpretation of the results and fi nally, the perspectives for 

future research are presented. 

MAIN FINDINGS

In our KOALA study, in the fi rst year of life, no association was observed between 

breastfeeding and the development of eczema. There was only a tendency 

towards a lower risk of eczema from age 4 months and onwards. Surprisingly, 

breastfeeding was associated with a tendency for a higher risk of eczema before 

4 months of age (chapter 2). 

Longer duration of breastfeeding in the fi rst year was associated with a decreased 

risk of eczema for infants of mothers without allergy or asthma in the second year 

of life (chapter 3). Considering recurrent wheeze in the fi rst two years of life, it 

appeared that longer breastfeeding duration was associated with a decreased 

risk (chapter 3). 

Many studies have focussed on the perspective of breastfeeding duration 

assuming that the longer the child is (exclusively) breastfed, the healthier the 

infant’s outcome will be. More recently, several studies have focussed on the 

perspective of the timing of introducing cow’s milk or other food products. A 

delayed introduction of cow’s milk or other food products has been proposed for 

the prevention of atopic disease. However, scientifi c evidence to support this has 

been scarce.(1) When we tested this in the KOALA study, we unexpectedly found a 

delayed introduction of cow’s milk products associated with an increased risk of 

eczema and recurrent wheeze. Also, a delayed introduction of other food products 

was associated with an increased risk of eczema and this was confi rmed by our 

fi ndings with atopic dermatitis by UK-WP. In addition, a delayed introduction of 

other food products was associated with an increased risk of recurrent wheeze, 

atopic sensitization and in particular, inhalant allergen sensitization (chapter 4). 

Furthermore, we have focussed on a selection of immune factors in breast milk. 
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First, we considered soluble CD14 (sCD14), the soluble form of the CD14 receptor 

which plays an important role in the recognition of gram negative bacteria in 

innate immunity.(2, 3) Second, we have taken into account both TGF-β1 and IL-10 

both secreted by regulatory T cells.(4) Finally, we focussed on IL-10 and IL-12. Of 

note, we were not able to detect the concentration of IL-10 above the detection 

limit in our breast milk samples. 

Initially, we were interested whether the selected immune factors could be 

a refl ection of the allergic status of the mother. Indeed higher levels of sCD14 

were seen in mothers with a maternal allergic history and sensitization. No such 

associations between TGF-β1 and IL-12 in breast milk and maternal allergic status 

were found. None of the immune factors (TGF-β1, sCD14 and IL-12) in breast milk 

were associated with infant’s wheeze and atopic outcomes (chapter 5).

We were able to study the interaction between the CD14 genotype and soluble 

CD14 present in breast milk. The results suggest that breast milk sCD14 levels 

do not modify the effect of the CD14 genotype on the development of atopic 

manifestations at age 2 years. In other words, we did not fi nd evidence of gene-

environment interactions for any of the studied outcomes. However, our results 

showed a protective association for CC homozygocity (SNP CD14/-1619) on eczema 

until the age of 2 years (chapter 6). 

METHODOLOGICAL CONSIDERATIONS

Study design

Ideally, the best design to investigate the relationship between breastfeeding 

and the development of atopy would be a randomised controlled trial. However, 

most studies performed are prospective birth cohort studies. Also, the KOALA 

Birth Cohort Study has a prospective design that is the most desirable design to 

investigate causal relationships between risk factors and disease outcomes.

An advantage of our study is the relatively short time intervals between sub-

sequent follow-up questionnaires, which makes the infl uence of recall bias less 

likely. Follow-up rates were high which limits the possibility of differential bias 

regarding baseline characteristics or outcomes. Although we did not promote 

the KOALA study as a study focussing on atopic diseases, it is generally known 

that families with allergic complaints tend to be over-represented in studies on 

etiology of atopy. There was a difference between the KOALA participants and 
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non-participants with respect to atopic predisposition, and this may be explained 

by self selection, because people with a positive family history of allergic disease 

tend to be more interested in participating in a study on health related topics. 

Also, participants in the KOALA study more often demonstrated an intention 

to breastfeed before birth than did non-participants.(5) In an etiological study, 

contrast in exposure is important, because analyses are focussed on risk 

comparisons and relative risks, rather than the absolute risk of the total cohort. 

Relative risk associations are however not biased to our opinion, since relative 

risks are based upon proportions and not on absolute numbers.(6)

Validity of measurements

Measurement of breastfeeding

The duration of breastfeeding can be measured in numerous ways. First, as the 

duration of exclusive breastfeeding defi ned by the age that (cow’s) milk products 

is introduced; second as the duration of any breastfeeding (also referred to 

as breastfeeding ‘per se’).(7) In the present thesis we have chosen to address 

breastfeeding and the introduction of cow’s milk products and other food 

products, separately. Hence we were able to study the independent effects of 

both breastfeeding duration and the introduction of cow’s milk and other food 

products. A disadvantage may be a lack of assessment in duration of exclusive 

breastfeeding. Breastfeeding as an exposure may be subject to potential 

misclassifi cation. One could argue whether in the studies presented in the current 

thesis, this misclassifi cation will be either non-differential or differential. It may 

be possible that mothers of infants who have developed for example symptoms 

of eczema may be more interested in breastfeeding (as a preventive measure) 

and this will result in more precise and detailed information on the duration of 

breastfeeding. This will probably lead to an overestimation of the effect measure. 

In the KOALA study, differential bias seems unlikely because of relatively small 

intervals between the questionnaires so that the information was recorded before 

symptoms occurred.

With respect to the methods of breast milk collection it should be noted that 

a limitation was the lack of complete standardization of breast milk collection 

by mothers at home. Different modes of pumping and individual variation in 
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pumping techniques may have led to variation of the measured immune factors. 

Unfortunately, further conditions affecting the concentrations of most immune 

factors in milk have been little studied. There are several conditions that infl uence 

the concentrations of immune factors in milk which may eventually relate to 

infants health. First, striking changes in the concentrations of immune factors in 

milk are dependent on the time post partum. Most milk components are at their 

highest concentrations in colostrum, decline rapidly during the fi rst few days 

postpartum an then undergo slow decreases throughout the rest of lactation.(8) 

In the current thesis we have attempted to collect breast milk samples as much 

as possible within the same time postpartum (i.e. 4 weeks pp). Certainly, it would 

also have been interesting to have more samples over time e.g. monthly from 

shortly after birth until 4 months postpartum. However, this was not feasible in 

the current study. We postulated that the concentrations of TGF-β1, sCD14 and IL-

12 may decrease over time due to storage at -80oC of more than 1 year. We found 

that differences in total storage time at -80oC for our samples did not infl uence the 

concentrations of TGF-β1, sCD14 and IL-12 after considering this as a determinant 

in a linear regression analysis. Second, intercurrent infections like mastitis may 

also affect the concentration of immune factors in milk.(8) In chapter 5, we have 

adjusted our analysis for maternal infection, which also included mastitis.

Measurement of introduction of cow’s milk and other food products 

The relationship between breastfeeding and infant atopic manifestations may 

be confounded by the early introduction of cow’s milk or other food products. 

The introduction of cow’s milk and to a lesser extent other food products is 

highly correlated with the duration of breastfeeding. The introduction of solids 

may infl uence the development of infant’s immune system and hence allergic 

disorders. It is therefore important to consider formula introduction in the analysis 

if one aims to know the independent effects of breastfeeding duration and the 

age of introduction of other foods, even if a mother continues to predominantly 

breastfeed.(7) In the present thesis, we have specifi cally addressed the intro-

duction of cow’s milk products and other food products when taking into account 

breastfeeding as a confounder (chapter 4). 

Measurement of the outcomes

In this thesis, the defi nition of eczema in the KOALA Study was based on questions 

adapted from ISAAC questionnaires (9, 10) and included generally accepted 
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characteristics, like a chronically relapsing course and an itchy rash. Also, the 

defi nition of recurrent wheeze was based on the ISAAC questionnaires.(9, 10) 

Outcomes like infant eczema and wheeze can be fairly unspecifi c for infants 

aged 2 years, and hence, may be subject to misclassifi cation, especially when 

parentally reported. Notably, the measurement of wheeze may refl ect respiratory 

infections at the age of two years.

In Chapters 3, 4, 5 and 6 we used the U.K. Working Party criteria for the defi nition 

of ‘atopic dermatitis’, along with the questionnaire-based diagnosis of eczema. 

We have chosen to use the term ‘atopic dermatitis (AD)’ for infants fulfi lling the 

UK-WP criteria according to the criteria of Williams et al.(11) An advantage of the 

UK-WP criteria is that these include specifi c predilection sites of atopic dermatitis 

(fl exural involvement).(11) A drawback of these criteria is, however, that infants 

who have outgrown their disease or who are in remission may not get diagnosed, 

because of the absence of fl exural dermatitis at the time of the clinical examination 

(lower sensitivity). Both the higher specifi city and lower sensitivity of the U.K. 

criteria are responsible for the lower prevalence of AD compared to eczema as 

reported by parents (Figure 1). 

Figure 1

Venn diagram showing the proportion of infants with eczema (parentally reported in 

questionnaires), AD (according to U.K. criteria) or both in the KOALA study.

Subset areas presented above are not proportional to the actual relative subset size.

Parentally reported eczema

(questionnaire-based)

(30%)

AD

(U.K. criteria)

(14%)

18%                      12%                          2%
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However, eczema based on questionnaire data was based on the presence of an 

itchy rash anywhere (except diaper rash, rash around eyes and scalp scaling), and 

thus may include non-atopic eczema. Hence, this questionnaire-based defi nition 

of eczema has probably resulted in an overestimation of cases, whereas the U.K. 

criteria might have underestimated the number of cases of infants’ eczema in the 

fi rst two years of life. 

In the current thesis we have chosen to use the U.K. criteria separately as this 

defi nition is the only validated classifi cation which is solely based on clinical 

signs and symptoms. Other classifi cations are based on a mixture of clinical 

phenomenon’s and tests (based on IgE determinations or skin prick testing) or 

on a family history. As a result, the U.K. criteria by Williams are more useful for 

research in the fi eld of genetic risks such as association studies and studies 

addressing gene-environment interactions. 

In chapter 3, 4, 5 and 6 we have considered infants’ eczema and sensitization 

as separate outcome parameters instead of the term atopic eczema because 

sensitized infants do not necessarily show symptoms of eczema or vice versa.(12) 

In this thesis we therefore use the term eczema instead of atopic eczema. 

THE CONTROVERSIAL ROLE OF BREASTFEEDING IN ALLERGIC DISEASE

In the current thesis we have investigated the role between breastfeeding and 

atopic manifestations by taking into account different methodological viewpoints, 

which are discussed in this paragraph: 

Confounding by indication:

It is possible that allergic mothers are more likely to decide to breastfeed their 

infant than non-allergic mothers. This could be the case if allergic mothers are 

informed that breastfeeding would be better for their children. This may result 

in being exposed to non-breastfeeding and may correlate with a better outcome. 

Thus, behaviour may be confounder since it can be associated with both exposure 

and outcome.(13) In the present thesis we have adjusted all analysis for potential 

confounding-by-indication due to a family history of atopic manifestations. 

Previously, we have shown that atopy in parents and children should be viewed as 

separate confounders.(14) In all analyses we performed, we made a comparison 

between crude and adjusted odds ratios. Although in all analyses, a positive 
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family history appeared as a signifi cant risk factor for infant’s allergic disease we 

did not notice substantial differences between crude and adjusted analyses. This 

may be reassuring, but we cannot completely rule out the possibility of residual 

confounding. 

Reverse causation:

Reverse causation can be regarded as a feature of information bias and will occur 

if symptoms of disease will appear during exposure and this will inadvertently 

infl uence the exposure. In this particular case, the presence of eczema symptoms 

while breastfeeding may affect the mother in her decision to change the feeding 

habits of her infant. It is a relatively new problem because in older studies the 

public awareness of health promoting effects of breastfeeding was smaller.(15) 

Reverse causation has been put forward as an explanation for the inconsistent 

results between different studies.(15-18) Also, reverse causation may be more 

likely to be evident in the relationship between exclusive breastfeeding and 

risk of developing eczema. In chapter 2 we have discussed two solutions that 

have been proposed in the literature to avoid reverse causation. First, survival 

analysis (Cox regression) is a suitable method to consider only breastfeeding 

before the appearance of eczema.(19) However, survival analysis requires the 

data on the exact onset of eczema in small time intervals, which many studies 

lack. Second, it can be avoided by excluding infants with onset of disease during 

lactation.(15, 17, 20) It should be noted that the proposed method by Kull et al 

(17) to exclude cases with onset during lactation has the danger of excluding 

too many cases (possibly leading to selection bias) and hence this method is 

not guaranteeing an unbiased result. The most logical method is to restrict 

the analysis to those subjects who are still ‘at risk’. Such an analysis has the 

additional advantage that it keeps track of infants with early symptoms (such 

as the infants with early eczema in our study). However, this analysis does not 

add up risk-periods leading to an overall effect which can be regarded as an 

disadvantage. In the present thesis we have shown that controlling for reverse 

causation can be accomplished by risk-period specifi c analyses in which only 

exposure before the risk-period is taken into account.

Effect modifi cation:

There are several reasons why effect modifi cation by maternal allergic status is 

important to address. First, it is possible that the association between breast-
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feeding and asthma and atopy will vary at different levels of a third key variable, 

such as the underlying genetic risk of atopy. In the current thesis we have shown 

that maternal asthma and allergic predisposition in the child may modify the 

relationship between breastfeeding and atopic manifestations. Second, the 

milk composition between allergic and non-allergic mothers may differ in such 

a way that it affects atopic manifestation in the child.(21) In chapter 5 of this 

theses we showed that only sCD14 of the studied immune factors appeared to 

be dependent on the allergic status of the mother. Of note, not only cytokines, 

but also differences in long chain polyunsaturated fatty acids levels may differ 

between atopic and non-atopic mothers.(22, 23)

Finally, different gene-environment or gene-gene interactions between studies may 

also contribute to the inconsistent study results. Gene-environment interaction in 

childhood asthma and allergy has focused on both environmental and exposure 

(e.g. infection or contacts with microbial products such as endotoxin) as well as 

genes involved in the immunological response to those stimulants (like CD14 

gene, Toll-like receptors). However, one should take into account that multiple 

genetic and environmental effects overlap and these effects may or may not 

be independent from each other. Thus a certain phenotype or disease may be 

caused by a genetic factor, by an environmental condition, or alternatively by an 

interaction of both genetic and environmental condition. We were interested in the 

interaction between soluble CD14 levels in breast milk and CD14 gene because it 

seemed plausible that there may be biological interaction between both factors, 

as certain genotypes have been shown to correlate with the levels of sCD14.(24) 

INTERPRETATIONS OF THE FINDINGS

There was no strong evidence for a protective effect of breastfeeding and eczema 

in the fi rst year of life (chapter 2). This fi nding was confi rmed by another recent 

study in which breastfeeding has no signifi cant effect on the prevalence of eczema 

in the fi rst year of life.(25) After examining whether our results could possible be 

biased by the infl uence of reverse causation the conclusion did not essentially 

change that breastfeeding ‘per se’ does not protect against eczema. 

Longer duration of breastfeeding was associated with a decreased risk of infant 

eczema (by questionnaire) in the second year of life, but only in infants of mothers 
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without allergy or asthma. Since we did not fi nd such an association with eczema 

for neither allergic, nor for asthmatic mothers, the overall relationship between 

breastfeeding and infant eczema in the fi rst two years of life is modifi ed by 

maternal allergic status. Initially, the idea of effect modifi cation by maternal 

asthmatic status was pointed out by investigators of the Tucson birth cohort in 

which it was demonstrated that breastfeeding increased the risk of atopy and 

asthma primarily among atopic children of mothers with asthma.(21) In a recent 

study by Mandane, it has been shown that for boys, breastfeeding and maternal 

atopy were each associated with an increased risk of atopy at age 13 years. For 

girls, breastfeeding and maternal atopy were no independent risk factors for 

atopy at age of 13 years. However, breastfeeding increased the risk for atopy in 

girls with maternal atopy compared with non-breast-fed girls with maternal atopy. 

Results for the outcome of asthma followed a similar pattern.(26) From the results 

of those studies which were performed to elucidate the role of maternal and or 

parental allergic status it appears that it may be important to stratify by maternal 

(and / or paternal) status of a family history. From the study of Mandane et al (26), 

it can also be concluded that this is further complicated by effect modifi cation by 

the sex of the child. In this thesis, we did only adjust for gender. The protective 

effect of breastfeeding against recurrent wheeze was irrespective of maternal 

allergic status and we speculate that these results may refl ect protection against 

respiratory infection rather than atopic respiratory illness. This can be explained 

by the fact that breast milk contains antibodies against viral infections to which 

the mother has been exposed. A breastfed infant is therefore better protected 

against respiratory infections caused by viruses and will subsequently have less 

symptoms of wheeze. 

In chapter 4 we have shown that a delayed introduction of cow’s milk products 

is associated with a higher risk of eczema. In addition, a delayed introduction of 

other food products is associated with an increased risk of atopy development in 

the fi rst two years of life (eczema, atopic dermatitis by UK-WP, recurrent wheeze, 

any sensitization and inhalant allergen sensitization). Our results were recently 

supported by a study that found an increased risk of doctors-diagnosed eczema 

for the avoidance of egg in the fi rst year.(27) Those and our results contradict with 

the previous thoughts that early introduction of cow’s milk or other food products 

may be harmful for the infant and longer breastfeeding may be more favourable 

to avoid atopic manifestations. In chapter 3 and 4 together, we separated the 
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effects of delayed introduction of foods from breastfeeding duration (chapter 4) 

and we showed that the risk of eczema and wheeze was lower with increasing 

breastfeeding duration, while atopic sensitization was not associated with 

breastfeeding duration (chapter 3). Therefore, we suggest that early introduction 

of foods in combination with continuing breastfeeding helps in the induction of 

oral tolerance.

In chapter 5 and 6, the aim of this thesis shifted towards hypotheses that were 

more focussed on biological mechanisms i.e. the immunology of breast milk 

(chapter 5) and gene-environment interactions (chapter 6). 

In particular, we were interested in several immune factors as will be discussed 

below: First we have assessed TGF-β1 since this cytokine is known to be a potential 

regulator of early atopic sensitization.(28) For example, in the gut, TGF-β1 as a 

T regulatory cytokine is able to down-regulate both Th1 and Th2 responses.(29) 

TGF-β plays a role on two crucial parts of the mucosal immune system, namely 

IgA production and it plays an important role in the induction of oral tolerance 

through activation of antigen-specifi c TGF-β-producing T cells.(30) Concentrations 

of TGF-β1 vary from mother to mother.(31) It was suggested that these variations 

in concentrations of TGF-β1 could possibly explain the controversial effect of 

breastfeeding on the development of atopic disease.(32) The concentration of 

TGF-β1 did not vary with the atopic status of the mother (chapter 5) which is in 

agreement with a previous study that also did not fi nd differences between allergic 

and non-allergic mothers for TGF-β.(33) Taking into account the relationship with 

infant atopic manifestations, Oddy et al (34) previously reported a signifi cant 

association with low levels of TGF-β1 in breast milk and wheeze in infancy at the 

age of 1 year.(34) Our results (chapter 5) were not in line with this previous fi nding. 

We defi ned wheezing in the fi rst year of life as reported presence of wheezing 

ever that was mentioned in the 7 or 12 months postpartum questionnaire. The 

percentage of infants, defi ned as ever wheezers in our cohort was 19.7% (62/315) 

However, this percentage is lower compared with the percentage of ever wheezers 

reported in the study of Oddy, that was found to be 39.9% (97/243).(34) Perhaps 

wheezing symptoms are more frequently reported by participants of the Infant 

Immune Study (Tucson, Arizona) compared with participants of our study. 

The second cytokine which was addressed by the KOALA study was IL-10. In the 

study of Oddy et al also IL-10 in breast milk was measured. The authors stated 
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that IL-10 is produced in lower amounts compared to TGF-β1. However, they found 

a slight (non-linear) relationship for IL-10 with wheeze.(34) We concluded that the 

concentrations of IL-10 in our breast milk samples were too low and therefore not 

detectable using 2 different high sensitivity kits of different manufacturers. Test 

samples from 10 women (not participating in our cohort) to exclude diminishing of 

IL-10 due to storage at -80o C for a duration of >1 year were negatively tested for IL-

10. Two other studies were also unable to detect IL-10 in breast milk samples.(32, 

35) However, Garofalo et al.(36) were able to detect IL-10 in both the aqueous and 

lipid fraction of breast milk, obtained within 80 hours of lactation, stored at -60o 

C, ranging from 66 to 9301 pg/mL.(36) Therefore we postulated that differences in 

collection time after birth could explain these discrepancies in IL-10 concentration 

range.(35)

An increased IL-10/IL-12 ratio was found in serum of wheezing infants (37) which 

triggered our interest for IL-12. It was already known that IL-12 was detected in 

breast milk in an Australian study found in 24 of 39 samples using ELISA assay 

of Pharmingen (San Diego, CA).(38) These authors highlighted the importance of 

using similar ELISA kits since the use of antibodies of differing specifi city for the 

antigen of interest may hamper a proper comparison between studies.(38) We did 

not detect IL-12 in breast milk using a high sensitivity kit of R&D Systems. However, 

using another high sensitivity kit (Biosource International) we detected IL-12 in 

our breast milk samples in low concentrations. Comparing Il-12 concentrations 

for allergic and non-allergic mothers and for allergic and non-allergic infants did 

not lead to any signifi cant difference. Since we did not detect IL-10, we could not 

determine the IL-10/Il-12 ratio in breast milk.

Of special interest was soluble CD14 which is present in breast milk in high 

levels.(39) Previously it has been postulated that sCD14 may have a sentinel 

role enabling LPS induced activation of membrane CD14 negative-cells such as 

intestinal epithelial cells, in the neonatal gut.(3) From the results of chapter 5 

we may conclude that there is no effect of inter-individual differences in levels of 

sCD14 in breast milk on the infant’s atopic outcomes. In contrast with our fi ndings, 

Jones et al (39) found that soluble CD14 levels in breast milk collected 3 months 

postpartum were signifi cantly lower in children with eczema at 6 months of age. 

The difference in the timing of breast milk collection and outcome measurement 

may explain the discrepant fi ndings. Of note, we found higher concentrations of 

sCD14 in breast milk in mothers with a positive allergic history and mothers with 
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allergic sensitization but not for high total IgE (chapter 5). 

In chapter 6 we have explored whether a different genetic constitution between 

mothers with and without a positive allergic history might be an explanation 

for different sCD14 levels in breast milk. However, in chapter 6 no signifi cant 

associations between maternal CD14 polymorphisms and the concentration of 

sCD14 in breast milk, determined at 1 month postpartum were found. Therefore, the 

effect of maternal atopic predisposition on sCD14 in breast milk (chapter 5) could 

not be explained by the CD14 polymorphisms studied in chapter 6. In contrast with 

our fi ndings, Guerra et al (24) found that sCD14 levels in milk at day 11 differed 

signifi cantly by CD14/-550 and CD14/-1619 genotypes and haplotypes.(24) The 

discrepancy with our fi ndings may not only be explained by a different genetic 

make-up but also a difference between the mean concentrations of sCD14 in 

breast milk found in both studies.(24) The effect of CD14 may be dose-dependent 

(40, 41) and we postulate this may also apply for sCD14. The differences in sCD14 

concentration could also be due to a difference in timing of breast milk sampling 

(i.e. 11 days (Tucson) versus 1 month (KOALA) postpartum). 

In conclusion, as a result of the current public awareness of feeding habits, 

reverse causation can be regarded as a new kind of bias that should be addressed 

in future studies. Also, we could confi rm that effect modifi cation by a maternal 

allergic status plays in role in elucidating the controversial role of breastfeeding. 

Since a long time, the early introduction of solid food is considered as a risk 

factor for infants of developing allergic disease but from our data we conclude 

that a combination of breastfeeding with introducing cow’s milk or other food 

products at a young age may not be that harmful for the child as it may induce 

oral tolerance. 

Not only the duration of breastfeeding and the timing of introduction of solid 

products is important but also breastfeeding provides a very broad multifactorial 

anti-infl ammatory defence for the infant. In the present thesis we did not show 

a (preventive) effect of TGF-β1, sCD14 and IL-12 on the development of allergic 

disease. However, it is known that breastfeeding protects against diarrhoea, 

otitis media and respiratory infections.(42) We considered our fi nding that 

breastfeeding protects against wheeze in the second year of life as a confi rmation 

of a masked protection against respiratory infections. 

Since we found no signifi cant associations between maternal CD14 polymorphisms 

and the concentration of sCD14 in breast milk but only a lower risk of the CD14 
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gene (SNP CD14/-1619) and infant eczema at the age of 2 years, we conclude that 

breast milk sCD14 levels do not modify the effect of the CD14 genotype on the 

development of atopic manifestations at age 2 years. 

FUTURE DIRECTIONS

Breastfeeding has several important health benefi ts and should be encouraged. 

Its benefi cial role in the prevention of atopic manifestations is an ongoing matter of 

debate. Besides the role of infant feeding habits, there are many facets regarding 

unravelling the aetiology of atopic manifestations that were not addressed 

in this thesis. For example, in the KOALA study we have previously shown that 

breastfeeding infl uences the bacterial composition of the gut microbiota, and that 

its composition is associated with atopic manifestations and sensitization.(43, 44) 

Also, the role of different lifestyle factors, other than feeding habits, have been 

addressed in previous studies to elucidate the individual risk factors for atopic 

manifestations i.e. antibiotics, vaccinations and organic food consumption.(45-

47)

Reverse causation is an important issue that needs to be addressed in future 

studies by taking into account those individuals that are still at risk by means 

of risk-period specifi c analyses. Previously, Miettinen (48) put forth principles of 

non-experimental assessment of excess risks. In such a design, risk difference 

is assessed by estimating the denominators of the proportions of cases among 

exposed and comparable unexposed subjects by means of a representative 

sample from the base population of the study.(49) Future research should focus 

on both risk-periods and integrating models to determine excess risk. 

It is desirable that the search for modifying effects of factors present in breast 

milk on the development of atopic manifestations should continue. Not only 

immune factors in breast milk seem to enhance the infant’s host defence but 

also other nutritional factors. For example, derivates of long chain PUFA may be 

involved in the regulation of infl ammatory processes and immune cell functional 

responses through eicosanoid production.(50) Furthermore, it is known that 

one of the most pronounced dietary changes that has paralleled the increased 

prevalence of atopic diseases over the past decades is the altered consumption 

of polyunsaturated fatty acids (PUFA). In another Dutch Birth Cohort Study (51), 
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it has been shown that in children of mothers with allergy, breast milk n-3 long 

chain polyunsaturated fatty acids and the ratio between n-3 and n-6 long chain 

polyunsaturated fatty acids were inversely associated with asthma and with 

persistent symptoms (eczema at age 1 year and eczema at age 4 years and/or 

asthma at age 4 years), but no associations between breast milk fatty acids and 

sensitization were observed. Also, in children of mothers with allergy, also trans 

fatty acids tended to be inversely associated with allergic symptoms. However, 

in children of mothers without allergy, no associations between breast milk fatty 

acids and allergic symptoms were observed, but alpha-linolenic acid (18:3n-

3) was positively associated with sensitization.(51) Previously, we have shown 

consumption of organic dairy products (i.e. produced and processed according 

to ‘organic’ principles) was associated with lower eczema risk (OR 0·64 (95% 

CI 0·44, 0·93)), but there was no association of organic meat, fruit, vegetables 

or eggs, or the proportion of organic products within the total diet with the 

development of eczema, wheeze or atopic sensitization.(46) It can be postulated 

that not only infants consumed organic foods but also mothers. Therefore the 

intake of dairy fatty may also be determined via maternal routes (via breastfeeding 

and/or intrauterine). In the KOALA Birth Cohort Study, we are currently further 

investigating the role of fatty acids in breast milk on the development of atopic 

manifestations. 

More extensive gene-environment interaction studies are necessary in studying 

the aetiology of atopic diseases. Candidate genes are for instance genes encoding 

for pattern recognition receptors on cells of the innate immune system such as 

TLR4 and CD14 both involved in lipopolysaccharide signalling, TLR2 involved in the 

signalling complex to a wide range of microbial components.(52, 53) For example, 

in two independent populations, a polymorphism in the toll-like receptor (TLR) 4 

gene that infl uences TLR4-mediated LPS signaling was associated with bronchial 

hyperresponsiveness and allergies, respectively, but only in those subjects 

heavily exposed to endotoxin.(52, 54) The detection of new gene by environment 

interactions may lead to various public health consequences. It could help stratify 

disease risks and focus interventions to achieve populations health benefi ts; it 

could identify new environmental factors for disease development or severity; and 

it could help our understanding of the natural history and severity of disease.(55) 

The limited subjects studied in the present thesis demand larger studies to 

elucidate gene-environment interactions. 

GENERAL DISCUSSION



144

With respect to the timing of introduction of cow’s milk or other food products, 

we need more evidence to support our hypothesis that early introduction may 

lead to the induction of ‘oral tolerance’. Currently, it seems undesirable that 

recommendations of e.g. the World Health Organisation (i.e. exclusive breast-

feeding for the fi rst 6 months of life and the introduction of solids thereafter)(56) 

are questioned by the fi ndings of several observational studies. The fi ndings of 

these observational studies fi rst need more experimental confi rmation. From a 

public health perspective, it may be recommended to set up a intervention study 

in which breastfeeding mothers will be randomly allocated into ‘early’ versus 

‘late’ introduction of cow’s milk or certain other food products. 
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Allergic asthma, hay fever (and other airway allergies), eczema and food allergy 

are collectively known as ‘atopic diseases’. A largely unexplained increase in the 

prevalence of these diseases was noted during the past decades. Currently, atopy 

is present in about 40% of the westernised world’s population. Asthma and other 

atopic disorders are thought to be the result of complex interactions between 

genetic predisposition and multiple environmental infl uences. However, the 

marked increase in asthma prevalence over recent decades is unlikely to be due 

to genetic changes, highlighting the contribution of environmental factors. In the 

present thesis, we have investigated how environment, lifestyle and biological 

factors such as infant feeding may play a (protective) role in the development of 

allergic diseases. 

All studies that are described in this thesis were carried out within the framework 

of the KOALA Birth Cohort Study. This ongoing prospective birth cohort study 

aims to identify factors that infl uence the clinical expression of atopic disease 

in early infancy. From October 2000, pregnant women (n=2834) were recruited 

during pregnancy and early childhood by repeated questionnaires.

A subgroup of participants complied to sampling of maternal blood (n=1355), 

breast milk (n=315) and faeces of the infant at 1 month post-partum (n=1176), 

capillary blood at age 1 year (n=956), venous blood at the age of 2 years (n=829), 

and buccal swabs for DNA isolation from child–parent trios (n=1637). Furthermore 

parents were asked to consent to a physical examination of their child on 

manifestation of atopic dermatitis at the age of two years (n=826).

Previous studies on the effects of breastfeeding on the development of allergy 

have yielded controversial results, some studies indicating an allergy-preventive 

effect, while others could not confi rm this, or the protective effect has been limited 

to early childhood, long-term follow-up indicating increased atopic symptoms 

among the breastfed subjects. In this thesis we aimed to study the relationship 

between breastfeeding and infant atopic manifestations during the fi rst two years 

of life. 

In chapter 2 we observed no association between breastfeeding and the 

development of eczema in the fi rst year of life but only a tendency towards a lower 

risk of eczema from age 4 months and onwards. Surprisingly, breastfeeding was 

associated with a tendency for a higher risk of eczema before 4 months of age. In 
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chapter 3 we have shown that longer duration of breastfeeding in the fi rst year was 

associated with a decreased risk of eczema for infants of mothers without allergy 

or asthma in the second year of life. Considering recurrent wheeze in the fi rst two 

years of life, it appeared that longer breastfeeding duration was associated with 

a decreased risk.

More recently, several studies have focussed on the perspective of the timing of 

introducing cow’s milk or other food products rather than the duration of (exclusive) 

breastfeeding. A delayed introduction of cow’s milk or other food products has 

been proposed for the prevention of atopic disease. However, scientifi c evidence 

to support this has been scarce. In chapter 4 we have demonstrated that a delayed 

introduction of cow’s milk products was associated with an increased risk of 

eczema and recurrent wheeze. Also, a delayed introduction of other food products 

was associated with an increased risk of eczema and this was confi rmed by our 

fi ndings with atopic dermatitis by UK-WP. In addition, a delayed introduction of 

other food products was associated with an increased risk of recurrent wheeze, 

atopic sensitization and in particular, inhalant allergen sensitization. Based on 

these fi ndings, we suggested that early introduction of foods in combination with 

continuing breastfeeding helps in the induction of oral tolerance.

In chapter 5 and 6, the focus of this thesis shifted towards hypotheses that were 

more based on biological mechanisms i.e. the immunology of breast milk (chapter 

5) and gene-environment interactions (chapter 6). 

In chapter 5, we have focussed on a selection of immune factors in breast milk i.e. 

soluble CD14 (the soluble form of the CD14 receptor) which plays an important 

role in the recognition of gram negative bacteria in innate immunity, TGF-β1 and 

IL-10 both secreted by regulatory T cells and fi nally IL-12. First, we were interested 

whether the selected immune factors could be a refl ection of the allergic status of 

the mother. Indeed higher levels of sCD14 were seen in mothers with a maternal 

allergic history and sensitization. No other of such associations were found. None 

of the immune factors (TGF-β1, sCD14 and IL-12) in breast milk were associated 

with infant’s wheeze and atopic outcomes. In chapter 6, we have focussed on gene 

environment interaction. The CD14 gene is one of the many genes that is currently 

in the focus of asthma and allergy research. Different CD14 polymorphisms have 

been associated with atopic phenotypes in infants. In addition, CD14 genotypes 

of breastfeeding mothers have been associated with soluble CD14 (sCD14) 
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levels in breast milk. We studied the interaction between the CD14 genotype and 

soluble CD14 present in breast milk. It appeared that breast milk sCD14 levels 

did not modify the effect of the CD14 genotype on the development of atopic 

manifestations at age 2 years. However, we have shown a protective association 

for CC homozygocity (SNP CD14/-1619) on eczema until the age of 2 years. 

In this thesis we have tried to address several methodological explanations for 

the inconsistent results which are outlined below.  

Reverse causation:

Bias as a result of reverse causation has been proposed as one of the explanations 

of the unsolved controversy. This means that the relationship between 

breastfeeding and infant atopic outcomes may be disturbed since it is known that 

mothers may alter their feeding behaviour to what is their perception to be the 

best for their infant. In chapter 2, we have explored whether our data have been 

prone to reverse causation by assessing the relationship between breastfeeding 

and eczema in the fi rst year of life by a risk-period specifi c analyses, i.e. taking 

into account only those infants that develop symptoms after the occurrence 

of the exposure (breastfeeding). We have demonstrated that our conclusion 

was strengthened by risk-period specifi c analysis which made the infl uence of 

reverse causation unlikely i.e. the results were not very different compared to 

overall analysis. Furthermore, in chapter 4 we aimed to evaluate any associations 

between the introduction of cow’s milk products / other solid food products and 

infant atopic manifestations in the second year of life, taking into account reverse 

causation. Exclusion of infants with early symptoms of eczema and recurrent 

wheeze (in order to avoid reverse causation) did not essentially change our main 

results. We concluded that although breastfeeding remains benefi cial for the 

infant’s health, delaying the introduction of cow’s milk or other food products 

may not be favourable in preventing the development of atopy.

Effect modifi cation:

Another explanation that has been proposed for the inconsistent fi ndings on 

breastfeeding and atopy is effect modifi cation. In chapter 3 we investigated 

potential effect modifi cation by maternal allergic status on the relation between 

breastfeeding duration and infant atopic manifestations in the fi rst two years 

of life. The fi ndings implicate that only the relationship between breastfeeding 
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and infant eczema in the fi rst two years of life may be modifi ed by maternal 

allergic status. Also, we found that longer breastfeeding duration lowers the 

risk on recurrent wheeze independent of maternal allergy or asthma status. 

This protective effect of breastfeeding on recurrent wheeze may be the result of 

protection against respiratory infections.

In chapter 5 we investigated whether the controversies could be explained by 

different immunoprotection conferred by human milk between allergic and non-

allergic mothers. In other words, we assessed whether the selected immune 

factors in breast milk are infl uenced by maternal atopic constitution and hence 

modify the effect on development of atopic manifestations in infants. Only higher 

levels of sCD14 were seen in mothers with a positive versus negative allergic 

history and in mothers who were sensitized versus non-sensitized. 

In chapter 6 we have focused on the question whether there may be effect 

modifi cation (i.e. interaction) between genetic constitution and effect of immune 

factors in breast milk. This interaction may provide a link between maternal genetic 

constitution and the child’s allergic risk explaining the stronger transfer of allergy 

through the maternal line. We found that CC homozygotes (SNP CD14/-1619) 

showed a lower risk of eczema versus TT homozygotes. Also, we found that breast 

milk sCD14 levels did not signifi cantly modify the effect of the CD14 genotype on 

atopy development. Maternal CD14 SNPs were not signifi cantly associated with 

sCD14 levels in breast milk. Hence, we did not fi nd evidence of gene-environment 

interactions for any of the studied outcomes

In chapter 7 the main fi ndings of the studies presented in this thesis are discussed. 

Study design and validity of measurements of both determinants and outcomes 

were reviewed. We also addressed several methodological viewpoints (i.e. reverse 

causation and effect modifi cation) in an attempt to shed light on the controversy 

concerning the role of breastfeeding with respect to atopic disease development. 

In general, breastfeeding has several important health benefi ts and should be 

encouraged. Its benefi cial role in the prevention of atopic manifestations is an 

ongoing matter of debate. Finally, we have provided some suggestions for future 

research. We would strongly suggest that more evidence is needed to support our 

hypothesis that early introduction may lead to the induction of ‘oral tolerance’. 

Therefore it would be highly desirable to set up a intervention study in which 

breastfeeding mothers will be randomly allocated into ‘early’ versus ‘late’ 

introduction of cow’s milk and/or certain other food products.
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Allergisch astma, hooikoorts (en andere luchtwegallergieën), atopisch eczeem 

en voedselallergie behoren samen tot de ‘atopische aandoeningen’, welke in de 

volksmond ook wel ‘allergische aandoeningen’ worden genoemd. In de afgelopen 

decennia vond er een sterke stijging plaats in het vóórkomen van deze aandoe-

ningen. De oorzaken van deze stijging zijn (nog) onbekend. In de huidige wester-

se wereld lijdt op dit moment ongeveer 40% van de bevolking aan een allergische 

aandoening. Men denkt dat astma en andere allergische aandoeningen ontstaan 

als het gevolg van complexe interacties tussen genetische factoren en diverse 

omgevingsfactoren. Echter, de snelle stijging in het vóórkomen van allergische 

aandoeningen in de afgelopen decennia, kan onmogelijk het resultaat zijn van 

snelle veranderingen in het genetische profi el van mensen, wat duidt op een be-

langrijke rol voor omgevingsfactoren. In dit proefschrift hebben we gekeken op 

welke manier omgevingsfactoren, leefstijl en biologische factoren zoals de voe-

ding van het kind, een rol kunnen spelen in een (mogelijk beschermend) effect 

op de ontwikkeling van allergische aandoeningen bij kinderen tot de leeftijd van 

2 jaar.

De deelstudies die zijn beschreven in dit proefschrift maakten deel uit van de 

KOALA geboortecohort studie. KOALA is een afkorting voor Kind, Ouder en ge-

zondheid, Aandacht voor Leefwijzen en Aanleg. De studie had als algemeen doel 

het bestuderen van factoren die een rol spelen bij de ontwikkeling van allergi-

sche aandoeningen bij kinderen. In Oktober van het jaar 2000 ging het KOALA 

onderzoek van start met de werving van zwangere vrouwen. Dit resulteerde in de 

deelname van 2834 pasgeborenen. De verzameling van gegevens vond plaats ge-

durende de zwangerschap en de eerste twee levensjaren van het kind middels het 

afnemen van herhaalde vragenlijsten. Aan een gedeelte van de groep deelnemers 

werd toestemming gevraagd om lichaamsmateriaal af te nemen. Het ging hierbij 

om bloed van de moeder (n=1355), moedermelk (n=315), een ontlastingmonster 

van het kind op de leeftijd van 1 maand (n=1176), bloed verkregen via een vinger-

prikje bij het kind op de leeftijd van 1 jaar (n=956), veneus bloed op de leeftijd 

van 2 jaar (n=829) en wangslijmvlies van zowel de ouders als het kind voor het 

isoleren van DNA (n=1637). Verder werd toestemming gevraagd om het kind op 

2-jarige leeftijd thuis te onderzoeken (door getraind personeel) op de aanwezig-

heid van atopisch eczeem (n=826). 

De allergische aandoeningen die in dit proefschrift staan beschreven zijn onder 

te verdelen in drie uitkomstmaten. Dit zijn ‘eczeem’ (een terugkerende jeukende 
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huiduitslag op bepaalde plekken), ‘piepen op de borst’ (een piepend geluid van-

uit de luchtwegen geproduceerd tijdens de ademhaling) en ‘allergische sensiti-

satie’ (verhoogde niveaus in het bloed van Immunoglobuline E (IgE), dit zijn an-

tistoffen die aangemaakt worden na het in contact komen van bepaalden stoffen 

(allergenen) in de voeding of in de lucht).

Eerdere studies die zijn gedaan naar de rol van borstvoeding op de ontwikkeling 

van allergische aandoeningen hebben geleid tot controversiële resultaten. Uit de 

resultaten van sommige studies bleek dat borstvoeding een beschermende rol 

zou spelen, terwijl dit niet in andere studies kon worden bevestigd, en soms werd 

zelfs een verhoogd risico gevonden. In dit proefschrift hebben we de relatie be-

studeerd tussen het geven van borstvoeding en het ontwikkelen van allergische 

aandoeningen bij kinderen tot de leeftijd van 2 jaar. 

In hoofdstuk 2 beschrijven we dat we geen associaties vonden tussen borstvoe-

ding en de ontwikkeling van eczeem gedurende het eerste levensjaar. Wel vonden 

we een tendens naar een lager risico op eczeem vanaf de leeftijd van 4 maanden. 

Opvallend was dat borstvoeding juist gepaard ging met een hoger risico op ec-

zeem tot de leeftijd van 4 maanden. In hoofdstuk 3 hebben we beschreven dat 

een langere duur van borstvoeding gepaard ging met een lager risico op eczeem 

gedurende de eerste 2 levensjaren bij kinderen van moeders die zelf geen allergie 

of astma hadden. Ook vonden we dat het langer geven van borstvoeding gepaard 

ging met een lager risico op ‘piepen op de borst’.

Recentelijk hebben verschillende studies de relatie tussen borstvoeding en al-

lergische aandoeningen benaderd vanuit een ander perspectief. In plaats van de 

duur van (exclusief) borstvoeding als uitgangspunt te nemen hebben deze studies 

juist gekeken naar het tijdstip dat het kind voor het eerst in aanraking kwam met 

koemelk- of andere voedingsproducten (bijvoorbeeld: kunstmatige fl esvoeding of 

fruithapjes). De algemene gedachte hierbij is dat het introduceren van deze pro-

ducten maar het beste zolang mogelijk uitgesteld moet worden ter voorkoming 

van allergische reacties bij het kind. Echter, wetenschappelijk bewijs voor deze 

theorie is zeer beperkt. In hoofdstuk 4 laten we zien dat juist het uitstellen van 

het introduceren van koemelkproducten gepaard ging met een hoger risico op ec-

zeem en ‘piepen op de borst’. Hetzelfde vonden we als we keken naar het uitstel-

len van andere voedingsproducten, en deze bevindingen werden bevestigd door 

onze resultaten voor atopisch eczeem. Tot slot zagen we dat het uitstellen van 
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het geven van andere voedingsmiddelen ook gepaard ging met een hoger risico 

op ‘piepen op de borst’ en ‘allergische sensitisatie’. Al deze bevindingen samen 

suggereren dat het op vroege leeftijd introduceren van voedselproducten in com-

binatie met het continueren van borstvoeding helpt bij het tot stand brengen van 

‘orale tolerantie’ (dit mechanisme zorgt ervoor dat ons lichaam normaal gespro-

ken geen allergische reactie vertoont als we voedingsmiddelen tot ons nemen). 

In hoofdstuk 5 en 6, lag de nadruk meer op vraagstellingen op het gebied van 

biologische mechanismen zoals de rol van immuunfactoren in moedermelk bij de 

bescherming tegen allergie, en de verklaring van verschillen in de kans op aller-

gie bij kinderen (hoofdstuk 5). In hoofdstuk 6 lag de nadruk op interacties tussen 

genetische vatbaarheid en omgevingsfactoren. 

  

In hoofdstuk 5 hebben we gekeken naar een selectie van immuunfactoren in moe-

dermelk, namelijk ‘oplosbaar CD14’ (de oplosbare vorm van een receptor van het 

aangeboren afweersysteem - genaamd CD14 receptor - welke een belangrijke rol 

speelt bij de herkenning van gram- negatieve bacteriën), en de volgende signaal-

stoffen: TGF-beta1, interleukine-10 en interleukine-12. 

Op de eerste plaats wilden we weten of de aanwezigheid van bepaalde hoe-

veelheden immuunfactoren in de moedermelk een afspiegeling konden zijn van 

de allergische status van de moeder. Met andere woorden: hebben allergische 

moeders misschien meer of juist minder van deze immuunfactoren in hun moe-

dermelk in vergelijking met niet-allergische moeders? Inderdaad vonden we dat 

allergische moeders meer oplosbaar CD14 hadden in hun moedermelk. Voor de 

andere immuunfactoren bleek dit niet het geval. 

Ten tweede vroegen wij ons af of deze immuunfactoren in moedermelk, welke 

het kind dus via de borstvoeding binnenkrijgt, mogelijk van invloed waren op de 

ontwikkeling van allergische aandoeningen bij het kind. Dit bleek niet het geval. 

Daarmee konden wij eerdere buitenlandse resultaten niet bevestigen. Dit is mo-

gelijk een verklaring voor de gevonden verschillen in het beschermende effect 

van borstvoeding afhankelijk van de allergiestatus van de moeder. 

In hoofdstuk 6 lag de nadruk op de interactie tussen genetische vatbaarheid en 

omgevingsfactoren. Het gen dat codeert voor de hierboven beschreven CD14 re-

ceptor (het CD14 gen) is één van de vele genen die momenteel in de belangstelling 

staan als het gaat om allergie en astma. Bij dergelijke genetische variaties zijn we 
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vooral geïnteresseerd in varianten die in meer dan 1% van de bevolking voorko-

men en deze varianten worden ‘polymorfi smen’ genoemd. Er zijn verschillende 

polymorfi smen beschreven van het CD14 gen (CD14 polymorfi smen) welke gere-

lateerd zijn aan het tot uiting komen van allergische aandoeningen bij kinderen. 

Bovendien zijn in een eerdere studie CD14 genotypes (d.w.z. de erfelijke informa-

tie over de tot uiting komen van de CD14 receptor) van moeders die borstvoeding 

gaven gerelateerd aan de hoeveelheid oplosbaar CD14 in hun moedermelk. 

In dit proefschrift bestudeerden wij de interactie tussen het CD14 genotype en 

het gehalte van de oplosbare vorm van de CD14 receptor in de moedermelk (als 

omgevingsfactor voor het kind). We vonden dat de interactie tussen enerzijds de 

verschillende niveaus van de oplosbare receptor CD14 in moedermelk en ander-

zijds het CD14 genotype, geen invloed had op de ontwikkeling van allergische 

aandoeningen op de leeftijd van 2 jaar. Echter, we zagen wel dat een van de CD14 

polymorfi smen (genaamd CD14/-1619) geassocieerd was met het krijgen van ec-

zeem gedurende de eerste 2 levensjaren. 

   

De al eerder beschreven inconsistente resultaten over de relatie tussen borstvoe-

ding en de ontwikkeling van allergische aandoeningen hebben we in dit proef-

schrift getracht te benaderen vanuit twee hieronder beschreven methodologische 

invalshoeken. 

Reverse causation (omgekeerde causaliteit)

Reverse causation is een vorm van bias (vertekening van de resultaten) en wordt 

gezien als één van de verklaringen voor de inconsistente bevindingen van de 

al dan niet beschermende effecten van borstvoeding in de literatuur. Concreet 

houdt deze vorm van bias in dat de relatie tussen borstvoeding en allergische 

aandoeningen bij kinderen verstoord wordt door het feit dat moeders hun gedrag 

(ten aanzien van de voeding voor hun kind) veranderen door wat in hun perceptie 

het beste is voor het kind. Bijvoorbeeld de moeder zou kunnen besluiten om lan-

ger door te gaan met het geven van borstvoeding indien zij merkt dat haar kind 

last heeft van eczeem en zij gelooft dat het wellicht beter is voor het kind om het 

geven van fl esvoeding zo lang mogelijk uit te stellen. In hoofdstuk 2 hebben we 

onderzocht of de door ons gebruikte gegevens ook aan deze vorm van bias onder-

hevig waren. We hebben dit onderzocht door middel van zogenaamde ‘risico-pe-

riode specifi eke analyses’. In deze analyse werden alléén kinderen meegenomen 

waarvan we zeker weten dat zij op het moment dat ze borstvoeding kregen, (nog) 
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geen symptomen van eczeem hadden. Middels deze analyse konden wij laten 

zien dat de conclusies die we trekken in hoofdstuk 2 niet onderhevig zijn aan 

‘reverse causation’. In hoofdstuk 4 hebben we zoals boven beschreven gekeken 

of er associaties waren tussen de introductie van koemelkproducten en/of an-

dere voedingsmiddelen en de ontwikkeling van allergische reacties in de eerste 

twee levensjaren van het kind. Ook bij het bestuderen van deze relatie hebben we 

getracht rekening te houden met ‘reverse causation’. Het uitsluiten van kinderen 

met vroege symptomen van eczeem en een ‘piepende ademhaling’ (om verteke-

ning als gevolg van ‘reverse causation’ te voorkomen) heeft onze resultaten niet 

wezenlijk veranderd. 

Effect modifi catie

Een andere verklaring die wordt gegeven om de inconsistente bevindingen met 

betrekking tot de relatie tussen borstvoeding en allergische aandoeningen te ver-

klaren is ‘effect modifi catie’ (dit is het verschijnsel dat de sterkte van een verband 

wordt beïnvloed (gemodifi ceerd) door een andere factor (welke effect-modifi cator 

wordt genoemd). In hoofdstuk 3 hebben we gekeken of de allergische status van 

de moeder (als effect-modifi cator) de relatie tussen de duur van borstvoeding en 

de ontwikkeling van allergische aandoeningen gedurende de eerste 2 levensja-

ren heeft beïnvloed. Onze resultaten impliceerden dat alléén de relatie tussen 

borstvoeding en de ontwikkeling van eczeem beïnvloed werd door de allergische 

status van de moeder. De overige relaties hingen niet af van de allergische status 

van de moeder. Verder vonden we dat een langere duur van borstvoeding gepaard 

ging met een lager risico op ‘piepen op de borst’, onafhankelijk van de allergische 

status van de moeder. Dit beschermende effect van borstvoeding op ‘piepen op 

de borst’ zou het gevolg kunnen zijn van bescherming tegen luchtweginfecties en 

deze hangt dus niet af van allergie van de moeder.

In hoofdstuk 5 hebben we bekeken of de inconsistenties verklaard konden worden 

door een verschil in bescherming door immuunfactoren in moedermelk tussen al-

lergische en niet-allergische moeders. Met andere woorden, we hebben bepaald 

of de door ons geselecteerde immuunfactoren in moedermelk beïnvloed zijn door 

de allergische status van de moeder en daarmee de relatie met de ontwikkeling 

van allergische aandoeningen modifi ceert. We vonden hogere niveaus van oplos-

baar CD14 in allergische moeders ten opzichte van niet allergische moeders. 

In hoofdstuk 6 lag de nadruk op de vraag of er sprake kon zijn van effect modifi -

catie (hier gen-omgevings interactie) door genetische variatie (CD14 polymorfi s-
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men) en de omgeving (immuun factoren) in moedermelk. Deze (gen-omgevings) 

interactie tussen genetica en ‘omgeving’ zou een link kunnen vormen tussen de 

genetische invloed van de moeder en het risico op allergische aandoeningen bij 

het kind, daarmee een verklaring vormend voor het feit dat allergie vaker via de 

moeder wordt overgedragen dan via de vader. Het CD14 genotype van de moeder 

had geen invloed op de hoeveelheid oplosbaar CD14 in moedermelk. We con-

cludeerden dat de interactie tussen enerzijds de verschillende niveaus van de 

oplosbare receptor CD14 in moedermelk en anderzijds het CD14 genotype, geen 

invloed had op de ontwikkeling van allergische aandoeningen op de leeftijd van 2 

jaar. In andere woorden, wij vonden geen bewijs voor gen-omgevings interacties 

voor de door ons bestudeerde uitkomsten van allergische aandoeningen.

In hoofdstuk 7 worden de belangrijkste bevindingen van dit proefschrift gepre-

senteerd en bediscussieerd. De studieopzet en de validiteit zijn daarbij in be-

schouwing genomen. Verder is in hoofdstuk 7 aandacht besteed aan de verschil-

lende methodologische invalshoeken (‘reverse causation’ en ‘effect modifi catie’) 

in een poging de controversiële bevindingen tussen het geven van borstvoeding 

en de ontwikkeling van allergische aandoeningen te verklaren. 

Wij concludeerden dat borstvoeding de voorkeursvoeding blijft in verband met 

de algemene voordelige effecten op de gezondheid van het kind (o.a. minder in-

fecties) maar het uitstellen van de introductie van koemelkproducten of andere 

voedingsmiddelen ter preventie van allergische aandoeningen minder bevorder-

lijk lijkt. De rol van borstvoeding ter preventie van allergische aandoeningen blijft 

onder voortdurende discussie. Tot slot doen we aanbevelingen voor toekomstig 

onderzoek. Wij stellen dat er meer bewijs nodig is voor onze hypothese dat ‘vroe-

ge introductie’ van koemelk of andere voedingsmiddelen mogelijk leidt tot de 

inductie van ‘orale tolerantie’ en daarmee vermoedelijk een bescherming tegen 

het ontstaan van voedselallergie. We doen daarom een aanbeveling om een in-

terventie studie op te zetten waarin moeders die borstvoeding geven willekeurig 

worden verdeeld in een groep met ‘vroege introductie’ versus een groep met ‘late 

introductie’ van koemelk en andere voedingsproducten om vervolgens te kijken 

naar het verschil in risico op allergische aandoeningen bij het kind tussen beide 

groepen.
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