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Abstract

ABSTRACT
Katri Niinivirta-Joutsa
Pre- and postnatal nutrition – target for allergy risk reduction
From Department of Pediatrics, Institute of Clinical Medicine, Faculty of Medicine, the
Doctoral programme of Clinical Investigation, University of Turku Graduate School
(UTUGS), University of Turku and Department of Pediatric and Adolescent Medicine,
Turku University Hospital, Turku, Finland.
A rapid increase in allergic diseases in Western societies has led to the conclusion that
our modern lifestyle is a risk factor for immune dysregulation. Potential culprits and
benefactors are searched among early dietary and microbial exposures, which may act to
program later allergic disease. The aim of this thesis was to investigate the role of early
maternal and child nutrition in reducing the risk of child allergy.
The study population comprised of 256 mother – child pairs from families with a history
of allergy participating in a randomized controlled dietary counseling and probiotic
intervention (Lactobacillus rhamnosus GG and Bifidobacterium lactis Bb12) study from
early pregnancy onwards. The dietary counseling aimed for a diet complying with dietary
recommendations for pregnant and lactating women, with special attention to fat quality.
Maternal dietary counseling was reflected in cord blood fatty acids suggesting better
essential fatty acid status in infants in the counseling group. Dietary counseling with
probiotics or placebo had no effect on child allergy risk, but associations between
maternal diet during pregnancy and breastfeeding and child allergic outcomes were
found in secondary analyses. During pregnancy, milk intake was related to decreased
and cheese intake to increased risk of child atopic eczema. During breastfeeding, intake
of vitamin C was related to increased risk of asthma and intake of egg was related to
decreased risk of atopic eczema. The timing of introduction of complementary foods to
infant’s diet was not associated with risk of atopic eczema, when adjusted with parental
opinion of child allergic symptoms (i.e., potential reverse causality).
In conclusion, the results demonstrate that infant fatty acid supply can be modified via
maternal dietary changes. In addition, interesting associations of maternal diet with
child allergy risk were discovered. However, no difference in the incidence of allergic
diseases with dietary counseling was observed. This suggests that more potent dietary
interventions might be necessitated to induce clinical risk reduction of allergy. Highrisk families can safely adhere to dietary recommendations for pregnant and lactating
women, and the results support the current conception that no additional benefit is gained
with delaying introduction of complementary feeding.
Key words: Allergic diseases, asthma, atopic eczema, breastfeeding, complementary feeding,
dietary counseling, fatty acids, maternal diet, nutrition, pregnancy, probiotics, programming
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TIIVISTELMÄ
Katri Niinivirta-Joutsa
Varhainen ravitsemus ja allergian ehkäisy
Lastentautien oppiaine, kliininen laitos, lääketieteellinen tiedekunta ja Turun yliopiston
tutkijakoulu, kliininen tohtoriohjelma, Turun yliopisto sekä lasten ja nuorten klinikka,
Turun yliopistollinen keskussairaala, Turku, Suomi.
Allergiset sairaudet ovat lisääntyneet länsimaisissa yhteiskunnissa nopeasti, mikä on
johtanut päätelmään, että elämäntapamme on riskitekijä immuunijärjestelmän häiriöille.
Varhainen ravitsemus ja mikrobialtistus ovat nousseet esille mahdollisina riski- ja suojatekijöinä, jotka voivat vaikuttaa myöhempään riskiin sairastua allergiaan.
Tämän satunnaistetun, kontrolloidun tutkimuksen tarkoituksena oli selvittää äidin ja
lapsen varhaisen ravitsemuksen merkitystä lapsen allergiariskin vähentämisessä. Tutkimukseen osallistui 256 äiti-lapsi-paria allergisista riskiperheistä. Kahdelle ryhmälle
alettiin varhaisraskauden aikana antaa yksilöllistä ravitsemusohjausta sekä joko probioottivalmistetta (Lactobacillus rhamnosus GG ja Bifidobacterium lactis Bb12) tai lumevalmistetta. Kontrolliryhmä sai lumevalmistetta ja ohjeita neuvolasta tavalliseen tapaan. Ravitsemusohjauksella tavoiteltiin suositusten mukaista ruokavaliota, ja erityisesti
rasvan laatuun kiinnitettiin huomiota.
Äidille annettu ravitsemusohjaus näkyi napaveren rasvahappoprofiilissa, mikä viittaa
ravitsemusohjausryhmän parempaan välttämättömien rasvahappojen saantiin. Ravitsemusohjaus, johon liittyi joko probiootti- tai lumevalmiste, ei vaikuttanut lapsen allergiariskiin, mutta toissijaisissa analyyseissä paljastui yhteyksiä äidin ruokavalion ja
lapsen allergisten sairauksien välillä. Raskaudenaikainen maidon kulutus oli yhteydessä
lapsen pienempään atooppisen ekseeman riskiin, kun taas juuston kulutus oli yhteydessä
suurempaan riskiin. Imetyksenaikainen C-vitamiinin saanti oli yhteydessä suurempaan
astman riskiin, ja kananmunan kulutus pienempään atooppisen ekseeman riskiin. Lisäruokien aloitusikä ei ollut yhteydessä atooppisen ekseeman riskiin, silloin kun otettiin
huomioon vanhempien käsitys lapsen mahdollisista allergisista oireista.
Yhteenvetona voidaan todeta, että äidin ruokavaliolla voidaan vaikuttaa lapsen rasvahappojen saantiin. Lisäksi äidin ruokavaliolla sekä allergisten sairauksien riskillä vaikuttaa olevan yhteys. Koska ravitsemusohjauksella ei ollut vaikutusta allergiariskiin,
tämä voisi viitata siihen, että ravitsemusinterventioiden pitäisi olla voimakkaampia toimiakseen. Allergiset riskiperheet voivat turvallisesti noudattaa ravitsemussuosituksia,
ja tutkimuksen tulokset vahvistavat käsitystä siitä, ettei lisäruokien viivyttäminen auta
allergian ehkäisyssä.
Avainsanat: Allergiset sairaudet, astma, atooppinen ekseema, imetys, lisäruokinta, ravitsemusohjaus, rasvahapot, äidin ruokavalio, ravitsemus, raskaus, probiootit, ohjelmoituminen
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Introduction

INTRODUCTION

During the last few decades, an allergy epidemic is sweeping over the developed world,
with the tides already reaching the developing countries. Allergic diseases, however, are
not new to the world. Perhaps the earliest report of allergy is approximately between
3640 and 3300 BC, when King Menses of Egypt succumbed to death after a lethal
allergic reaction caused by a wasp sting (Simons, 1994). Another ancient report of the
hazards of allergy tells the unfortunate fate of Britannicus, the son of Roman Emperor
Claudius, whose allergy to horses prevented him from riding as he couldn’t see where
he was going (Simons, 1994). Thus, Claudius’s adopted son Nero was honored to ride
at the head of the young patricians. Later, Nero allegedly massacred Christians and
murdered poor Britannicus. Although the contemporary Roman philosopher Lucretius
had observed exaggerated responses to common substances and wrote “what is food for
some may be fierce poisons for others”, the modern era of understanding allergies began
only when hay fever was described in the 1800’s (Simons, 1994). In 1906, Austrian
pediatrician Clemens von Pirquet introduced the word “allergy” to describe “different
immunological reaction” (von Pirquet, 1906). The word “allergy” draws from the Greek
words “allos” denoting changed or an altered state and “ergon” representing reaction or
reactivity, and indeed is an allergic reaction a result of the body’s inappropriate reaction
to a substance normally tolerated.
Today, it has been estimated that approximately 30 percent to 40 percent of the world’s
population suffer from one or more allergic diseases (allergic asthma, atopic eczema,
allergic rhinoconjunctivitis or food allergy) (Pawankar et al., 2011) and allergy has
thus become one of the major health challenges of the 21st century. Paralleling the
“true increase” in allergic diseases is no doubt the increased awareness amongst both
laymen and medical professionals, but the allergy epidemic is indisputable (Asher et
al., 2006). Fortunately, some recent studies have indicated that the increase in asthma
and allergy has reached a plateau at least in some countries (Akinbami & Schoendorf,
2002; von Hertzen & Haahtela, 2005), but such reverse has not yet been evident in
Finland (Latvala et al., 2005) nor at global level (Anandan et al., 2010). A population
study in 2003 revealed that over 40 percent of Finnish pre-school children are sensitized
to one or more common environmental antigens (von Hertzen et al., 2006). The rising
economic costs to health care and the considerable personal and social burden associated
with the increase of allergic diseases has brought about the launch of a Finnish Allergy
Programme. Previous Finnish Asthma Programme demonstrated encouraging results in
reducing the morbidity of asthma (Haahtela et al., 2006), thus the Allergy Programme
aims to reduce the harms and costs inflicted by allergic diseases and to shed some light
on the reasons behind allergic diseases (Haahtela et al., 2008).
The causes of allergic sensitization represent complex relationships between genetic
inheritance and environmental influences. The increased prevalence of allergic disease
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cannot be accounted for a genetic change in the population, as the time span for the
increase is relatively short. Additionally, the rise in allergy has been especially rapid in
developed countries, thus leading to the conclusion that the westernized life-style might
be responsible for this unprecedented surge in allergies (Devereux, 2006). This effect
of western lifestyle to promote an allergic phenotype irrespective of the genotype is
confirmed in reports of a rapid increase in the prevalence of allergic sensitization amongst
children from developing countries after migration to developed countries (Waite et al.,
1980) and in the increased prevalence of hay fever and allergic sensitization in children
from the former East Germany within a few years of the re-unification of Germany (von
Mutius et al., 1998). Therefore most of the recent epidemiological research has focused
on identifying which factors in our lifestyle might be associated with the increased
prevalence of allergies and to find out the appropriate time frame when to target these
factors.
Substantive evidence supports that early events during gestation and postnatal life
are critical on the development of the immune system and thus, later susceptibility to
certain chronic diseases like allergy (Prescott, 2003; Gluckman et al., 2008; Hanson
& Gluckman, 2011). Environment-gene interactions may even cause trans-generational
changes in gene expression increasing risk of allergy over generations. Early life is
an important time for risk and opportunity, and therefore has gained major scientific
interest as a target for the ultimate goal, allergy prevention. Potential environmental
factors that can influence early immune maturation include dietary (Palmer et al., 2012a)
and microbial (Bisgaard et al., 2011; Hooper et al., 2012) patterns and environmental
pollutants (Nakamura et al., 2008; Accordini et al., 2012), all of which have undergone
substantial changes during the recent century, but are also available for us to further
modify in order to reduce the risk of subsequent disease.
The prevention strategies applied so far, such as prolonged exclusive breastfeeding
and delayed introduction of complementary feeding, have not been successful and thus
have recently been questioned (Halken, 2004; Palmer et al., 2012a). Accordingly, novel
innovative strategies for means of allergy prevention and risk reduction are warranted.
In this study, we aimed to explore the relevance of pre- and postnatal nutrition and
microbial environment to the risk of allergic diseases in a population genetically prone
to allergy.
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2.1.

Review of the Literature

REVIEW OF THE LITERATURE
Developmental origins of disease

2.1.1. Programming
The concept that “stimuli or insults during critical or sensitive periods in early life
can have lifetime consequences” on later health is termed “programming” (Lucas,
1991). The first epidemiological evidence from programming effect on man were
described by Dr. Barker in his landmark study in 1989 (Barker et al., 1989); he stated
that “the intrauterine environment influences blood pressure during adult life” after
noting that systolic blood pressure was inversely related to birth weight while the
geographical differences in average blood pressure and mortality from cardiovascular
disease reflected past differences in undernutrition at the population level. Next
year, he proposed the theory of fetal and infant origins of adult disease (Barker,
1990), later referred to also as the developmental origins or Barker’s hypothesis.
His idea although was not new. The effect of early nutrition to later physiology was
already known from animal experiments in the 1960’s (McCance, 1962) and the
term “programming” was hence introduced to describe this phenomenon (Barker,
1990; Lucas, 1991).
The Dutch famine triggered thought provoking evidence of developmental
programming: children of mothers who endured malnutrition perinatally were later
discovered to be more obese (van Abeelen et al., 2012b), have higher cholesterol levels
(Lumey et al., 2009) and to be more prone to type II diabetes (van Abeelen et al.,
2012a), that is, to have several of the risks for cardiovascular disease, another epidemic
of our times. Since Barker’s popular study, his findings were replicated extensively
(Barker et al., 1993; Hovi et al., 2007) and extended to apply also early postnatal
nutrition (Singhal et al., 2001; Singhal et al., 2002; Singhal et al., 2004a; Singhal et
al., 2004b). Only recently have researches awaken to notice that malnutrition in terms
of quantity is not the only aspect to concern oneself about, also the quality of our daily
diet is of utmost importance to development and later health (Calder et al., 2010). The
developmental programming theory is since extended from cardiovascular diseases
to apply also to other modern maladies, such as allergic diseases. Multiple possible
environmental factors, like dietary and microbial environment, affect early life and
mold one’s future health (Figure 1).
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Dietary factors with
immunomodulatory proper es
PUFA, oligosaccharides, an oxidants
and other vitamins, folate, breastmilk
(postanatal period), food an gens
(allergens or tolerogens)

Modifica on of gene expression

Gastrointes nal
microbiota

Modifica on of gene expression

Figure 1. Interactions between environmental and genetic factors in modifying developing immune system
(modified from West et al., 2010).

The programming effect is triggered when the fetus or infant struggles to ensure survival
in the future environment and thus must adapt its development to match forthcoming
challenges. This adaptation, developmental plasticity, begins in the early days of
conception and continues at least until the first year of life, a period when the individual is
most sensitive to external stimuli, hence called “the window of opportunity”. Pregnancy
and the immediate postnatal period with exclusive breastfeeding present a very special
period, when the mother and child interact to guarantee the growth and development
of the child. Both pregnancy and breastfeeding period can be considered as a threecompartment model (Cetin & Cardellichio, 2010), where the placenta or the breast milk
is a key player between the mother and child.
In the first trimester of pregnancy, maternal metabolism is switched to an anabolic status,
when hyperphagia and increased insulin sensitivity induce fat storage in adipose tissue
and an increase in maternal net body weight (Cetin et al., 2005). As fetal growth and
nutritional requirements increase rapidly during the third trimester, maternal metabolism
turns catabolic in order to meet the growing needs: hormonal changes lead to decreased
insulin responsiveness and release of free fatty acids from maternal fat stores (Cousins,
1991; Herrera, 2002; Catov et al., 2007). The placenta is more than a membrane between
the mother and child. It has the capacity to regulate the quantity and quality of the
nutrient flow to the fetus via active transport systems and metabolic activity (Cetin et
al., 2005; Cetin & Koletzko, 2008; Cetin & Alvino, 2009). The fetus itself is not just an
inactive recipient, but is also able to modify its endocrine status and metabolism in order
to try to adapt to altered nutrient flow (Fowden & Forhead, 2004; Ortega-Senovilla et
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al., 2009). However, when compensatory mechanisms are insufficient, adverse reactions
such as growth restriction or overgrowth may occur. During the neonatal period, the
first dietary exposure is usually breast milk, which provides the infant a wide range
of health-promoting and immune-modulating compounds (Goldman & Smith, 1973;
Heikkilä & Saris, 2003; Penttila, 2010; Walker, 2010). Thus, through thousands of years
of product development, breast milk is a very unique mixture of components created by
the lactating mother to fit the needs of the infant.
In summary, an increasing body of literature points to the early moments of life as a
period of programming, hence providing an opportunity to steer the developing immune
system into a tolerant direction. Nutrition is a key player in programming and thus the
role of the mother is substantive, as the composition of the nutrient cocktail received by
the fetus/child via placenta or breast milk depends on various maternal factors: genetics,
diet, body composition, endocrine status and metabolism (Emmett & Rogers, 1997;
Picciano, 2001; Belkacemi et al., 2010; Eriksson et al., 2011; Winder et al., 2011).
2.1.2. Mechanisms of programming
The fetus depends on the mother on the supply of nutrients and other vital substances,
thus adverse conditions may result from disturbances in mother’s diet, metabolic
condition or placental function. A unbalanced availability of nutrients, hypoxia and
maternal stress influence fetal growth and might lead to growth restriction or later
chronic disease. The developing fetus/infant is under a constant flow of cues about the
surrounding environment, and depending on the nature, timing and size of these cues
different outcomes may occur. The mechanisms under the developmental plasticity are
still somewhat obscure, but data on the matter is accumulating.
Firstly, as fetal organogenesis occurs in several different subsequent critical periods
during gestation and early postnatal life, the timing of an environmental exposure is
crucial. Depending on the timing, the effects of an exposure may vary from no damage
to irreversible changes in development. Thus, if a specific exposure were to occur during
such critical period, it may generate permanent structural changes in tissue and organ
morphology and physiological function in later life (Bateson et al., 2004; Gluckman &
Hanson, 2004; Gluckman et al., 2005).
Secondly, although structural and gene expression changes are interrelated, epigenetic
changes are indicated as one important mechanism operating behind the allergy epidemic.
Epigenetic mechanisms are able to modify patterns of gene expression and thus may
cause long-lasting, even trans-generational, changes in phenotype and function. These
mechanisms act to regulate the expression of genes without changing the underlying
DNA sequence via DNA methylation, post-translational modification to histone tails and
regulation through non-coding RNAs (Waterland & Michels, 2007). Thus, the following
changes lead to either enhanced or suppressed gene expression, accordingly altering
the phenotype depending on the affected genes. Environmental exposures like nutrition
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may therefore result in altered epigenetic regulation of immune gene expression and
further changes in immune function and allergic phenotype (Hollingsworth et al., 2008).
The concept of epigenetic programming offers a comprehensible way by which dietary
exposures may contribute to the increasing risk of allergy over generations.
Thirdly, the newborn child receives bacteria from the maternal vaginal and gastrointestinal
tract at birth as well as from the surrounding environment. Traditionally, newborns are
considered sterile, but recent evidence suggests that exposure to microbial compounds
may start already during gestation (Jiménez et al., 2008; Satokari et al., 2009; Hong et
al., 2010). The adult body harbors at least 104 microbes, most of them residing in the gut.
These microbes residing in and on the human body, collectively known as microbiota,
are responsible for maintaining normal homeostasis in the host, involving energy harvest
and storage, a variety of metabolic functions (Gill et al., 2006) and more importantly,
interactions with the immune system (Chow et al., 2010). By the end of the first year of life,
the bacterial composition shifts towards an adult–like microbiota, resembling adults by 2.5
years of age (Koenig et al., 2011). Once developed, the composition of the microbiota is
relatively stable (Costello et al., 2009). Recently, deviations from the normal colonization
pattern associate with the development of several inflammatory conditions (Manichanh
et al., 2006; Kalliomäki et al., 2008; Vaahtovuo et al., 2008; Turnbaugh et al., 2009),
including allergic diseases (Martinez & Holt, 1999; Strachan, 2000), thus emphasizing the
hazards of early life perturbations in the colonization process.
To conclude, although there are many known and alleged mechanisms involved in
programming of the development of fetus/infant, the exact connection to development
of specific diseases remains unclear. Further, most diseases are probably multifactorial,
that is, their development requires more than one environmental exposure in addition of
genetic predisposition. These elaborate interactions between genetics and environment
are only just beginning to be revealed.

2.2.

Allergic diseases

2.2.1. Definitions
Allergic diseases are considered to include atopic eczema, asthma, allergic
rhinoconjuntivitis and food allergies. As very different causes may induce similar clinical
outcomes, the underlying mechanisms of disease are important to be discriminated.
Hypersensitivity describes “objectively reproducible symptoms or signs initiated by
exposure to a defined stimulus at a dose tolerated by normal persons” (Johansson et
al., 2004). The term allergy again, refers to “a hypersensitivity reaction initiated by
specific immunologic mechanisms” (Johansson et al., 2004). Allergic reactions may be
either cell- or antibody-mediated, in the latter case, the antibodies typically belong to the
IgE isotype, hence producing the term “IgE-mediated allergy”. In this connection, IgE
denotes IgE antibody to an allergen, which is an antigen causing allergic disease.
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Traditionally, atopy is defined as “a personal and/or familial tendency, usually in childhood
or adolescence, to become sensitized and produce IgE antibodies in response to ordinary
exposures to allergens, usually proteins” (Johansson et al., 2004). Thus, this term should not
be used unless an excessive IgE response, i.e. sensitization, has been demonstrated by IgE
antibodies in serum or by a positive skin prick test. Atopic individuals are prone to develop
typical symptoms of allergic diseases, whereupon these diseases may be referred to as atopic,
as with atopic eczema. On the contrary, mere IgE sensitization, like a positive skin prick test,
without the presence of clinical symptoms, does not justify the use of the term “allergy”.
When asthma is the consequence of immunological reactions, typically instigated by
IgE antibodies, it should be referred to as allergic asthma (Johansson et al., 2004).
Amongst childhood asthma, over 80 percent are of allergic origin (Haahtela et al., 1980).
In pre-school children, eczema is a very common condition without any tendency to
IgE overproduction (Schäfer et al., 2000; Möhrenschlager et al., 2006). Furthermore,
the prognosis of eczema seems to differ depending on the underlying mechanism, thus
emphasizing the need to differentiate atopic eczema from eczema, in general. However,
lately the role of IgE in atopic diseases is questioned and it is suggested that non-atopic
and atopic forms are different phases of the same disease (Novak & Bieber, 2003; Bieber,
2008). In this study, we retain the traditional nomenclature and refer to IgE-associated
disease as atopic and non-IgE-associated disease as non-atopic.
2.2.2. Current understanding of risk and protective factors
A person’s susceptibility to develop an allergic phenotype depends on a multitude of
factors. During the window of opportunity, there are various recognized and suspected risk
factors, and thus several prevention strategies have been applied and studied (Figure 2).
Tobacco smoke and other environmental toxins
Abnormal coloniza on of the gut
Decreased exposure to sunlight (vitamin D)?

Healthy, balanced diet
Pro- and prebio cs
n-3 PUFA
An oxidants, vitamin D

Introduc on of complementary feeding before
3-4 months of age
Delayed introduc on of complementary feeding
Diet low in n-3 PUFA and an oxidants

Breas eeding ≥ 6 months
Hypoallergenic formula if not breas eeding
Introduc on of complementary feeding
at 4-6 months
Pro- and prebio cs
n-3 PUFA

Healthy, balanced diet
Pro- and prebio cs
n-3 PUFA

Figure 2. Possible environmental risk and protective factors triggering the development of allergic disease (modified
from Prescott & Nowak-Węgrzyn, 2011).
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2.2.2.1 Genetic inheritance
The strongest predictor for allergic disease is a positive family history of allergy, thus
genetic mechanisms are a strong force and are thoroughly investigated. Children with
a family history of allergy have a greater risk to develop allergic disease than those
without (50-80% vs. 20%). If both parents are allergic, the risk is even higher (60-80%)
(Kjellman, 1998). Interestingly, maternal allergic sensitization is more significant than
paternal, thus an atopic milieu in utero might prime the developing immune system
toward an allergic phenotype (Reece et al., 2011; Følsgaard et al., 2012). Many candidate
genes, predisposing to allergic diseases, are known (Tamari et al., 2013). Gender of the
developing offspring seems to be a contributing factor. Observational studies indicate
that pre-pubertal boys are more susceptible to asthma, allergic rhinitis and atopic
sensitization than girls, although the mechanism is not clear (Almqvist et al., 2008).
Genetic inheritance might work as an effect modifier, thus different prevention strategies
might be in order to at-risk versus normal populations.
2.2.2.2 Environmental toxins and pollutants
There is a significant body of literature establishing a relationship between fetal exposure
to maternal cigarette smoking and other respiratory pollutants during pregnancy with
asthma and other allergic diseases (Burke et al., 2012). Maternal smoking during
pregnancy has adverse effects on the offspring, such as compromised fetal lung
growth (Gilliland et al., 2000) and immune development (Noakes et al., 2003). Later
in childhood, the risk for early-onset wheezing and reduced lung function is increased
(Magnusson et al., 2005). Likewise, there is a relationship between prenatal air pollution
exposure and the development of asthma symptoms in children (Peters et al., 2009;
Kelly & Fussell, 2011; Proietti et al., 2013). Further, some studies suggest that increased
prenatal exposure to metals and chemicals may increase the risk of sensitization and
asthma (Linneberg et al., 2004; Peters et al., 2013). Epigenetic modulation of the fetal
genome may account for these associations between toxins and allergy (Breton et al.,
2009; Perera et al., 2009).
2.2.2.3 Hygiene hypothesis
The original hygiene hypothesis was formulated over two decades ago, when the inverse
association between the number of siblings and hay fever was discovered (Strachan,
1989). This preventive effect was originally postulated to be due to growing number
of infections transmitted from other children. Certain pathogens, such as Helicobacter
pylori and Mycoplasma tuberculosis and viral infections such as Epstein-Barr virus,
Cytomegalovirus and herpes infections, associate with a reduced risk of allergic diseases
(Matricardi et al., 2002; Linneberg et al., 2003; Nilsson et al., 2005; Janson et al., 2007).
On the contrary, some early respiratory viral infections, such as RSV, associate with
an increased incidence of allergic asthma (Sigurs et al., 1995; Illi et al., 2001). Recent
evidence suggests that the overall microbial burden in early life is more important in
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protecting against the development of allergies than any specific infection. Lately, this
hypothesis has been further extended to apply reduced contact of people with natural
environment and biodiversity (Hanski et al., 2012).
The period during and immediately after birth and the early neonatal period are
particularly critical, as it has become increasingly evident that the normal maturation of
the immune system and development of oral tolerance is subject to stimuli provided by
the host’s microbial milieu. As suggested already almost two decades ago (Björkstén,
1994; Holt, 1995), the revised hygiene hypothesis (or the microbiota hypothesis of
allergy) states that a lack of exposure to microbial stimuli results in Th2 dominant
responses and subsequent development of allergic disease (Wills-Karp et al., 2001;
Prescott & Björkstén, 2007). Consistent with this theory, reduced bacterial diversity
during the early life is linked to the development of allergic sensitization (Stsepetova
et al., 2007; Sjögren et al., 2009; Bisgaard et al., 2011) and allergic diseases (Forno et
al., 2008; Wang et al., 2008; Bisgaard et al., 2011; Abrahamsson et al., 2012). Further,
researchers have discovered differences in the microbiota composition between
healthy and atopic children (Böttcher et al., 2000; Björkstén et al., 2001; Watanabe
et al., 2003) and these differences manifest years before clinical disease (Björkstén et
al., 2001; Kalliomäki et al., 2001; Penders et al., 2007; Sjögren et al., 2009). There
is some evidence that infants with later atopic sensitization have a reduced ratio of
Bifidobacteria to Clostridia and distinct Bifidobacterial microbiota strains (Kalliomäki
et al., 2001), although the results have not always been consistent (Penders et al.,
2006a; Adlerberth et al., 2007) and there is variation between the candidate bacterial
species associated. Potential reasons for the development of aberrant microbiota
are multiple, and interaction between genetic factors, birth mode, type of feeding,
environment, and medication are probable.
Children born by caesarian section have markedly different early microbiota than
those born vaginally, as they harbor microbes from the skin and hospital environment
as opposed to vaginally delivered children having bacteria resembling the microbial
communities from their mother’s vaginal and gastrointestinal tract (Adlerberth & Wold,
2009; Dominguez-Bello et al., 2010). These differences in early colonization are still
evident even at seven–years-of-age (Salminen et al., 2004). In line with the reported
microbiota differences, the risk for allergic diseases is higher in children born by
caesarian section compared with those born vaginally (Kero et al., 2002; Thavagnanam
et al., 2008; van Nimwegen et al., 2011).
After the initial perinatal colonization process, the infant feeding type is the most
important determinant of further microbiota development. Breast milk naturally contains
live Bifidobacteria and Lactobacilli strains (Grönlund et al., 2007; Gueimonde et al.,
2007), thus these predominate in the gut of full-term breast-fed infants (Favier et al.,
2002). Further, breast milk serves as a source for indigestible oligosaccharides that
actively stimulate proliferation of the colonizing bacteria and promote the growth of
Bifidobacteria (Newburg, 1999). Interestingly, allergic and overweight mothers provide
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less Bifidobacteria to their infants than healthy and normal-weight mothers (Grönlund
et al., 2007).
Growing up in a farming environment is consistently reported to protect against allergic
diseases (von Mutius & Vercelli, 2010; Fuchs et al., 2012). Independent exposures
associated with this protective effect are attributed to the contact with livestock, animal
feed, and the consumption of raw cow’s milk (Von Ehrenstein et al., 2000; Riedler
et al., 2001; Ege et al., 2007). Thus, this protective effect is hypothesized to confer
through exposure to increased microbial diversity in the farming as opposed to urban
environments (Ege et al., 2011). There is some evidence that similar effects may be
achieved with pet keeping in urban environments (Nermes et al., 2013; Pelucchi et al.,
2013). Interestingly, the strongest protective effect of farm exposure against allergic
diseases is achieved during pregnancy and the first years of child life (Ege et al., 2006;
Douwes et al., 2008), again supporting the importance of this window of opportunity for
timing of possible interventions to reduce the risk of allergy.
Antibiotic use has a considerable effect on the microbiota (Jernberg et al., 2007),
thus early use might lead to major alterations and even aberrant development of the
infant’s immune system (Celedón & Weiss, 2004). There is intriguing data to suggest
an increased risk of atopy and allergic diseases after maternal antibiotic use before
and during pregnancy (McKeever et al., 2002; Metsälä et al., 2013), but again others
have found no association with maternal antibiotic use and infant microbiota changes
(Penders et al., 2006b).
In conclusion, the microbiota is a strong force in the development of immunity and
early microbial stimuli are crucial in modulating and activating the immune system.
Nonetheless, the evidence is not unambiguous in which specific microbes or microbial
colonization patterns would confer risk or protection from allergy.
2.2.2.4 Diet
Early nutrition of the newborn provides antigens to which the immune system has to
become tolerant and already the fetus may be exposed directly to antigens crossing
the placental barrier (Warner et al., 2000; Peters et al., 2009). Previously, reducing
the dietary allergen load of high-risk children was considered a key factor in allergy
prevention, thus elimination diets in both mothers and children were recommended for
decades. These practices however, were not based on robust scientific evidence (Kramer
& Kakuma, 2003) and are widely abandoned. The current expert recommendations for
families with history of allergy are reviewed in Table 1.
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Table 1. Expert dietary recommendations for high-risk families to reduce the risk of allergy.
Expert organization

American Academy
of Allergy, Asthma &
Immunology (Fleischer
et al., 2013)
American Academy of
Pediatrics (Greer et al.,
2008)
American College of
Allergy, Asthma and
Immunology (Fiocchi
et al., 2006)
European Academy
of Allergy and Clinical
Immunology (Høst et
al., 2008)
European Society
for Pediatric
Gastroenterology,
Hepatology, and
Nutrition (Agostoni et
al., 2008)
Australasian Society of
Clinical Immunology
and Allergy (Prescott et
al., 2005)

Maternal
diet during
pregnancy
and breastfeeding
Normal diet1

Duration of
Use of
Introduction of Introduction
exclusive
hypoallergenic complementary of potentially
breast-feeding formulas
feeding
allergenic foods
(eggs, fish, nuts,
seafood)
4 – 6 months
First 4 – 6
4 – 6 months
4 – 6 months,
months if not
however not as one
breastfed
of the first foods

Normal diet1 4 – 6 months

NA2

6 months

First 4 – 6
months if not
breastfed
NA2

4 – 6 months

4 – 6 months

6 months

Dairy products 12
months, eggs 24
months, nuts and
seafood 3 years
4 – 6 months

Normal diet1 4 – 6 months

First 4 months if 4 – 6 months
not breastfed

Normal diet1 6 months

NA2

17 – 26 weeks

17 – 26 weeks

Normal diet1 4 – 6 months

First 4 – 6
months if not
breastfed

4 – 6 months

Peanut, nut and
shellfish 2- 4 years

Normal diet = what is recommended for pregnant and breastfeeding women. 2NA = not assessed in the
recommendation.

1

At present, diet is viewed more as a source of active compounds, with factors that
have independent immune-modulating properties and factors that act via modulating
intestinal microbiota and thus influence antigen exposure, immune maturation or immune
responses. Several nutrients possess immune-modulating properties (Figure 1) and
observational studies show that changes in dietary habits have preceded or paralleled the
increase of allergic diseases in Western countries (Seaton et al., 1994; Black & Sharpe,
1997). Specifically, a change in dietary fat quality and fruit and vegetable consumption
attract much attention and thus two of the most studied dietary hypotheses are the lipid
and the antioxidant hypothesis (Devereux & Seaton, 2005).
In an attempt to reduce the risks of cardiovascular diseases, the public health guidelines
have resulted in decreased consumption of saturated fats and increased consumption
of margarines and vegetable oils rich in n-6 polyunsaturated fatty acids (PUFA) in
many western countries (Burdge & Calder, 2005). Simultaneously, the intake of n-3
PUFA present in especially oily fish or fish products has remained same or decreased.
The most abundant dietary PUFA are linoleic acid (LA, 18:2n-6) and α-linolenic acid
(ALA, 18:3n-3), both of which cannot be synthesized by the human body but have to
be received in diet, and thus they are referred to as essential FA. Popular corn, soybean,
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safflower and sunflower oils widely used in westernized countries are rich in n-6 PUFA
with over 50% LA (Calder et al., 2006). Average LA:ALA ratio in western societies is
10:1 or higher, compared to 3:1 at the beginning of the last century, although intakes
vary widely (Innis, 2007). In Finland, popular rapeseed oil has LA:ALA ratio of 2:1
(THL, 2014a) and according to national survey the average dietary LA:ALA ratio
is 3,6:1 (Helldán et al., 2013). LA and ALA act as precursors to longer-chain (LC)
PUFA, Figure 3.

n-3

n-6

n-9

α-linolenic acid
ALA (18:3n-3)

linoleic acid
LA (18:2n-6)

oleic acid
OA (18:1n-9)

∆6
desaturase

octadecatetraenoic acid
(18:4n-3)

∆6
desaturase

γ-linolenic acid
GLA (18:3n-6)
elongase

elongase

eicosatetraenoic acid
(20:4n-3)

octadecadienoic acid
(18:2n-9)

dihomo-γ-linolenic acid
DGLA (20:3n-6)

∆5
desaturase

eicosapentaenoic acid
EPA (20:5n-3)

arachidonic acid
AA (20:4n-6)

eicosadienoic acid
(20:2n-9)

∆5
desaturase

eicosatrienoic acid
ETA (20:3n-9)

elongase

docosapentaenoic acid
DPA (22:5n-3)

docosatetraenoic acid
(22:4n-6)

elongase

(24:5n-3)

(24:6n-3)

(24:4n-6)
∆6
desaturase

(24:5n-6)

β-oxidation

docosahexaenoic acid
DHA (22:6n-3)

docosapentaenoic acid
(22:5n-6)

Figure 3. The biosynthesis of n-3, n-6 and n-9 polyunsaturated fatty acids from 18 carbon precursors. The essential
FA, LA and ALA are further metabolized to form AA and EPA, respectively. N-3, n-6 and n-9 PUFA are thought to be
metabolized by the same desaturase and elongase enzymes, thus this can result in competition between LA and
ALA as well as inhibition of the enzyme pathway by products of the same and other series FA. The first step enzyme
Δ6-desaturase shows In vitro preference in the order ALA > LA > oleic acid (Innis, 1991). EFA deficiency results in an
increased production of eicosatrienoic acid (20:3n-9) from oleic acid (Mead, 1958).

LA is converted into arachidonic acid (AA, 20:4n-6), a substrate for the synthesis of
eicosanoids such as 2-series prostaglandins, thromboxanes and 4-series leukotrienes,
which are involved in regulation of many physiological cell and tissue functions (Lewis
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et al., 1990). It is thought that the 4-series leukotrienes promote allergic inflammation by
inducing vascular permeability, leucocyte chemotaxis and production of inflammatory
cytokines while the 2-series prostaglandin E2 (PGE2) decreases the production of Th1type cytokines IFN-γ and IL-2, increases the production of Th2-type cytokines IL-4
and -5 and enhances IgE synthesis from B-cells (Tilley et al., 2001). Thus, increasing
dietary intake of n-6 LA might increase the risk of atopic Th2 sensitization and allergic
disease (Calder, 2003). In support of this hypothesis, some epidemiological studies
show a connection between high n-6 PUFA intake and allergic diseases (Pöysä et al.,
1991; Bolte et al., 2001; Trak-Fellermeier et al., 2004; Bolte et al., 2005; Sausenthaler
et al., 2006). Conversely, the intake of ALA results in the incorporation of its metabolic
derivatives, eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA,
22:6n-3) into immune cells at the expense of AA, thus decreasing the production of
2-series prostaglandins and 4-series leukotrienes (Calder, 2003). Further, metabolites
of EPA and DHA, termed docosatriens, resolvins and neuroprotectins, have potent
inflammation resolving functions (Serhan, 2005). Fatty acids and eicosanoids also
regulate gene expression through activation or changes in the availability of transcription
Table 2. Randomized controlled studies with fatty acid supplementation during pregnancy and lactation reporting
allergy related outcomes in the offspring.
Study

FA used

Placebo used

Subjects

Child allergy risk

Dunstan et al.,
2003b; a
Australia

n-3 PUFA total 3.7 g/
day; 2070 mg DHA +
1025 mg EPA

Olive oil 4g/
day; 2664 mg
OA, < 1% n-3
PUFA

98 mothers randomized, 83
infants completed the study

High; all mothers
had allergic
disease with IgEsensitization

Lauritzen et al.,
2005
Denmark

Fish oil; n-3 PUFA total
1.5 g/day

Olive oil

122 mothers randomized,
72 children completed 30
months follow-up

Low

Krauss-Etschmann
et al., 2008
multicenter Spain,
Hungary, Germany
Olsen et al., 2008
Denmark

500 mg DHA + 150 mg
EPA OR folic acid 0.4 g/
day OR both, all in milkbased supplement
Fish oil 1 g/day; 320 mg
EPA and 230 mg DHA +
2mg/ml α-tocopherol

315 mothers randomized,
220 CB samples obtained

Low

533 mothers randomized,
528 children identified in
registry

Low

Furuhjelm et al.,
2009; Furuhjelm et
al., 2011
Sweden

1.1 g/day DHA + 1.6
g/day EPA + 23 mg
α-tocopherol

Milk-based
supplement
without EPA or
DHA
Olive oil 1 g/
day; 720 mg
OA and 120
mg LA
Soy oil; 2.5
g/day LA +
0.28 g/day
ALA + 36 mg
α-tocopherol

145 mothers randomized,
117 children completed the
follow-up

High; family history
of allergy

Palmer et al.,
2012b; 2013
Australia

Fish oil; 800 mg DHA +
100 mg EPA

1500 mg
vegetable oil
without n-3
PUFA

706 mothers randomized,
681 infants completed 12
mo and 638 3 yr follow-up

High; family history
of allergy

CB = cord blood. OR = odds ratio. HR = hazard ratio. RR = risk ratio. All group comparisons are intervention (I) vs.
control (C) group. NS = no significant differences between groups. EPA = eicosapentaenoic acid (20:5n-3), DHA =
docosahexaenoic acid (22:6n-3), OA = oleic acid (18:1n-9), LA = linoleic acid (18:2n-6), ALA = α-linolenic acid (18:3n-3).
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factors (Kliewer et al., 1997). In addition, maternal n-3 FA intake is demonstrated to alter
offspring microbiome and immune responses in mice (Myles et al., 2014). Therefore,
a protective effect of n-3 PUFA towards allergic diseases has been postulated (Hodge
et al., 1994; Hodge et al., 1996; Black & Sharpe, 1997) and evidence to support this
hypothesis is provided by studies associating higher blood total and LC n-3 PUFA
concentrations with lower risk of allergic diseases (Hoff et al., 2005; Montes et al.,
2013). However, RCTs aiming to modify child inflammatory responses and risk of
allergic diseases with n-3 LC-PUFA supplementation during pregnancy and lactation
are few so far. The methods used in these studies vary significantly in the amount of
n-3 LC-PUFA supplemented (from 0.65 to 3.7 g/day), quality of placebo (olive, soy and
vegetable oils and milk), timing of intervention (4 studies prenatal, 1 postnatal, 1 both),
duration of follow up (delivery to 16 years) and allergy risk of the target population
(Table 2). However, it appears that n-3 LC-PUFA supplementation during pregnancy
modulates neonatal cord blood immune responses, and the effects on incidence of later
child allergic diseases are encouraging but any conclusions cannot be drawn due to
methodological differences.

Intervention
period
From 20 weeks
of gestation until
delivery

Duration of
follow-up
12 months

Outcomes

Main findings

Primary: CB cytokines and
IgE
Secondary: IgEsensitization, eczema,
scorad > 25, asthma, food
allergy
Primary: Plasma cytokines
and IgE
Secondary: eczema, asthma,
food allergy (self-reported)
CB cytokines

Weaker cytokine (IL-5, IL-13, IL-10, and IFN-γ)
responses to allergens in I vs. C group, IgElevels NS
IgE-sensitization to egg OR 0.34 (95% CI, 0.11, 1.02),
P = 0.55; scorad OR 0.09 (0.01, 0.94), P = 0.045;
eczema, asthma and food allergy NS
IFN-γ levels increased in I vs. C group, IgE NS
Eczema, asthma and food allergy NS

First 4 months of
lactation

30 months

From 20-22 weeks
of gestation until
delivery

Delivery

From 30 weeks
of gestation until
delivery

16 years

Asthma (registry)
Allergic asthma (registry)

Asthma HR 0.37 (0.15, 0.92), P= 0.03
Allergic asthma HR 0.13 (0.03, 0.60), P = 0.01

From 25 weeks of
12 months
gestation until end
of lactation (mean
30.9 weeks)

Atopic eczema
IgE- sensitization
Food allergy

From 21 weeks
of gestation until
delivery

Atopic eczema
IgE- sensitization
Food allergy
Allergic asthma and rhinitis
(3 yr)

Atopic eczema OR 0.22 (0.06, 0.81), P < 0.05;
IgE-sensitization OR 0.36 (0.14, 0.95), P < 0.05;
food allergy OR 0.09 (0.01, 0.74), P < 0.05
(In mothers with allergic diseases all NS;
in mothers without allergic diseases all
significant)
12 months: atopic eczema RR 0.64 (0.40, 1.03),
P = 0.06; IgE-sensitization overall NS, egg
sensitization RR 0.62 (0.41, 0.93), P = 0.02;
food allergy NS
3 years all NS

12 months,
follow-up at 3
years

Decreased levels of IL-4, IL-13, and CCR4 and
with decreased frequencies of cord blood NK
cells and CCR31CD81 T cells in fish oil groups

24

Review of the Literature

Fruits and vegetables are a source for many important vitamins and trace elements,
with some of these possessing antioxidant functions. Maternal intakes of fruits and
vegetables influence fetal antioxidant status, which might have implications for immunoprogramming. Therefore, the increase in asthma and other allergic diseases might be
due to low antioxidant intakes (Devereux & Seaton, 2005) causing compromised lung
antioxidant defenses and subsequent inflammation. In contrast, an alternative hypothesis
suggests that the increase in allergies is caused by increased intakes of antioxidants from
functional and antioxidant enriched foods (Murr et al., 2005). This is because in vitro
observations show that antioxidant rich foods suppress cytokine secretion from Th1cells (Neurauter et al., 2004; Allan et al., 2010), and are thus hypothesized to promote
the development of Th2 dominant phenotype. Although the literature is inconsistent,
the majority of published observational studies suggest beneficial associations between
intakes of antioxidants and established allergic disease, especially asthma (Allan et
al., 2010). Further, animal studies suggest that antioxidant supplementation before
allergen sensitization has potential to reduce the risk for sensitization (Zheng et al.,
1999; Okamoto et al., 2006). In addition of antioxidants, other nutrients associate with
allergic disease. Vitamin D has immunomodulatory potential on B- and T-cell functions
(Vassallo & Camargo, 2010) and folate is a known methyl donor with potential to induce
effects on gene expression via epigenetic mechanisms (West et al., 2011).
In summary, although data is somewhat complex, they would imply that diet is able
to modify immune responses, but the associations of specific nutrients with allergic
diseases is far from understood. The associations of fatty acids and antioxidants with
development of allergies need to be replicated in further studies.
2.2.2.5 Breastfeeding
The current consensus is that breast milk provides the best source of nutrition to the
newborn infant, but the optimal quality of breast milk and duration of breastfeeding
is not clear. The quality of breast milk varies from one individual to another and in
the same individual with time. Breast milk provides the infant essential nutrition with
several immune-modulating factors (e.g., immunoglobulin A, lactoferrin, nucleotides,
glutamine, oligosaccharides, fatty acids, antioxidants and Bifidobacteria and
Lactobacilli) (Gueimonde et al., 2007; Mihrshahi et al., 2007). In addition, several food
or environment-derived antigens that have been modified or degraded in the maternal
gut are transferred to the newborn via breast milk (Vance et al., 2005). The quality of
breast milk depends greatly on the mother’s immunological status, weight, microbiota
and nutritional status. The composition of the breast milk is related to maternal diet
especially regarding fat content (Rocquelin et al., 1998; Kelishadi et al., 2012; Maru
et al., 2013), and thus is also fairly easily modified by conscious dietary choices during
breastfeeding (Urwin et al., 2012).
The World Health Organization (WHO) recommends that the duration of exclusive
breastfeeding should be for at least 6 months, but this recommendation is based on
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general nutritional aspects and prevention of infections, as well as prevention of allergic
diseases (WHO, 2001). However, in a recent Cochrane review there was no difference
in long-term impact of exclusive breastfeeding for 6 months versus three to four months
on general child health (Kramer & Kakuma, 2012). When it comes to solely preventing
allergic diseases, the optimal duration of breastfeeding is controversial. For this
purpose, most experts recommend exclusive breastfeeding for 4-6 months (Prescott et
al., 2005; Fiocchi et al., 2006; Agostoni et al., 2008; Greer et al., 2008), as a protective
effect for this duration of breastfeeding on the risk of allergic diseases is reported in
previous studies (Saarinen & Kajosaari, 1995; Oddy et al., 1999) and two meta-analyses
(Gdalevich et al., 2001; van Odijk et al., 2003), particularly in children with a family
predisposition for allergies. On the contrary, a few studies have found no evidence of
protective effect of breastfeeding over six-months on allergies (Kramer et al., 2007;
Mihrshahi et al., 2007), instead, the risk may even increase with prolonged breastfeeding
(Wright et al., 2001; Sears et al., 2002; Pesonen et al., 2006; Matheson et al., 2007).
Further, the protective effects of breast milk might be modified by maternal allergy
status, as some studies suggest that atopic mothers might actually increase the risk of
child atopy by breastfeeding, most likely through the milk’s qualitative changes (Wright
et al., 2000; Snijders et al., 2008). If exclusive breastfeeding of high-risk infants is not
possible during the first months, the use of a hydrolyzed formula is recommended over
a conventional cow’s milk-based formula to reduce the risk of cow’s milk allergy and
atopic eczema (Osborn & Sinn, 2006; von Berg et al., 2013). However, no advantage
over breastfeeding is documented in allergy prevention (von Berg et al., 2008). Thus,
although breastfeeding is highly recommended for other health promoting reasons, it
is challenging to arrive at an explicit conclusion on the significance of breastfeeding in
preventing allergic diseases in the child.
2.2.2.6 Pro- and prebiotics
WHO defines probiotics as: “Live microorganisms which when administered in
adequate amounts confer a health benefit on the host” (FAO/WHO, 2001). Prebiotics
refer to “a nonviable food component that confers a health benefit on the host associated
with modulation of the microbiota” (Pineiro et al., 2008). Thus, probiotics contribute
to intestinal microbiota, whereas most prebiotics are nondigestible oligosaccharides
that stimulate the growth and/or activity of lactic acid bacteria (Salminen et al., 1998).
Considering the hygiene hypothesis of allergy and the findings of microbiota diversity
and quality differences between atopic and non-atopic individuals, pre- and probiotics
have become popular as possible tools in reducing the risk of allergic diseases.
The mechanisms of actions of pro- and prebiotics are elucidated to act at different levels.
They directly modulate the composition of the microbiota and hence affect enzymatic
activities of the gut, they promote the mucosal barrier function and stimulate the intestinal
immune system (Rijkers et al., 2010). Prenatal administration of probiotics shapes
maternal vaginal and intestinal microbiota and, accordingly, may set its own pattern on
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neonatal gut colonization. Moreover, there is evidence of more elaborate mechanisms;
maternal probiotic supplementation modulates placental and fetal gut immune gene
expression (Rautava et al., 2012a) and immunologic properties of breast milk (Rautava
et al., 2002; Huurre et al., 2008).
To date, 16 randomized controlled trials for primary prevention of allergy exists, 11 of
them using Lactobacillus rhamnosus strains, Table 3. Taken together, these data suggest
that Lactobacillus rhamnosus provides best protection from eczema with combined
pre- and postnatal supplementation. In addition, variable results from 5 RCT studies
are published using both pre- and postnatal dosage with L. reuteri (Abrahamsson et
al., 2007), combined L.acidophilus, B. bifidum and B. lactis (Kim et al., 2010) and
combined L. lactis, B. bifidum and B. lactis (Niers et al., 2009), and postnatal use alone
with L. acidophilus (Taylor et al., 2007) and L. paracasei (West et al., 2009). Several
reviews and meta-analyses have been published in recent years, although comparison of
different studies is challenging due to variation in the number and age of participants,
eczema severity, and diagnostic criteria and variation of probiotic strains and dosages
with differing treatment periods across the studies. A Cochrane review from 2007
included five trials and concluded that the relative risk for probiotic use was 0.82 (95%
CI 0.70-0.95) for eczema and 0.8 (0.62-1.02) for atopic eczema (Osborn & Sinn, 2007).
A Chinese meta-analysis included only trials using lactic acid bacteria either alone or
in combination and reported RR 0.80 (95% CI 0.70-0.90) for eczema and 0.78 (0.640.97) for atopic eczema (Zhu et al., 2010). A recent meta-analysis from 2012, including
every probiotic strain studied reported RR 0.79 (95% CI 0.71-0.88) for eczema and 0.80
(0.66-0.96) for atopic eczema, corresponding to a reduction of about 20 percent in the
incidence of eczema and atopic eczema (Pelucchi et al., 2012). No consistent evidence
yet exists for other allergic diseases (Azad et al., 2013). Prebiotics supplementation in
infant feeding may prevent eczema, but the evidence it weak (Osborn & Sinn, 2013). In
conclusion, there is accumulating evidence that probiotic supplementation is a potential
way for primary prevention of eczema and atopic eczema, but no recommendations for
routine use can yet be given.

Probiotic type(s)
+- prebiotics

High; family
L. rhamnosus GG 5 x 105 mothers
randomized, 94
history of
109 CFU daily
infants completed allergy
the study

171 mothers
High; family
enrolled, 140
history of
infants completed allergy
the study

Kopp et al.,
2008
Germany

Huurre et al.,
2008
Finland

1223 mothers
High; family
randomized, 925 history of
and 891 children allergy
completed the
study at 2 and 5 yr,
respectively

L. rhamnosus GG 5
x 109, L. rhamnosus
LC705 5 x 109, B.
breve Bb99 2 x 108,
Propionibacterium
freudenreichii 2 x 109
CFU; all twice daily
L. rhamnosus GG
and B. lactis Bb12
1 x 1010 CFU daily
each

Low

High; family
history of
allergy

From the first trimester of
pregnancy to the end of
breastfeeding (mother),
maximum of 6 months
postpartum
From 4-6 weeks before
delivery to 3 months postpartum to breastfeeding
mothers or directly to
child if not breastfed, then
3 months directly to all
children

Capsules mixed in infant
formula from starting
formula feeding before
2 months of age to 12
months of age
From 36 weeks of
gestation (mother) to
6 months post-partum
directly to infants

From 2-4 weeks before
birth to 6 months postpartum to breastfeeding
mothers or directly to
infants if not breastfed

Child allergy Intervention period
risk

Kukkonen et al.,
2007, Kuitunen
et al., 2009
Finland

Rautava et al.,
2006
Finland

Subjects

159 mothers
randomized; 132
infants completed
the study at 2
yr, of those, 107
and 116 children
participated in
follow-up at 4 and
7 yr, respectively
81 infants
L. rhamnosus GG
and Bifidobacterium randomized, 72
lactis Bb12 1 x 1010 completed the
CFU daily each
study

Kalliomaki
Lactobacillus
rhamnosus GG 2 x
et al., 2001,
1010 CFU daily
Kalliomaki
et al., 2003,
Kalliomäki et al.,
2007
Finland

Study

2 years of
age

1 year of
age

2 years of
age,
follow-up
at 5 years of
age

1 year of
age

2 years: eczema RR 0.51 (95% CI 0.32, 0.84) for I
vs. C group; IgE-sensitization NS
4 years: eczema RR 0.57 (0.33, 0.97); IgEsensitization NS
7 years: eczema cumulative RR 0.64 (0.45, 0.92),
IgE-sensitization NS

Main findings

2 years: eczema OR 0.69 (0.52, 0.93), P = 0.015;
atopic eczema OR 0.61 (0.42, 0.90), P = 0 .012;
IgE-sensitization NS
5 years: all NS
In caesarian-delivered children: atopic eczema
OR 0.43 (0.19, 0.95), IgE-sensitization to any
food antigen 0.33 (0.12, 0.85) for I vs. C group
NS
In children of IgE-positive mothers, the
frequency of atopic eczema was lower in the I
group 10 % vs. 18 % in the C group
Eczema
All NS
IgE-sensitization
(inhalant
allergens only)

Atopic eczema

Eczema
Atopic eczema
IgE-sensitization
Asthma
Allergic rhinitis

Eczema
Eczema frequency 4/32 (13%) in the I group vs.
IgE-sensitization 8/40 (20%) in the C group, P = 0.40
IgE-sensitization NS

Duration Outcomes
of followup
2 years of Eczema
age,
IgE-sensitization
follow-up
at 4 and 7
years of age

Table 3. Randomized controlled studies using Lactobacillus rhamnosus –strains in primary prevention of allergy.
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L. rhamnosus HN001
6 x 109 CFU/day OR
B. animalis lactis
HN019 9 x 109 CFU/
day

Wickens et al.,
2008, Wickens
et al., 2012,
Wickens et al.,
2013
New Zealand

High; all
mothers
had allergic
disease
with IgEsensitization
241 mothers
High; all
L. rhamnosus LPR
randomized, 205 mothers
and B. longum
infants completed had allergic
BL999 OR
disease
L. paracasei ST11 and the study
with IgEB. longum BL999, 1 x
sensitization
109 CFU each

High; family
history of
allergy

Low

High; family
history of
allergy

From 24 weeks of
gestation until delivery,
then to breastfeeding
mothers or to nonbreastfeeding neonates
with water for 6 months
From 2 months before
the expected day
of delivery until 2
months postpartum to
breastfeeding mothers

From 36 weeks of
gestation until delivery

From 36 weeks of
gestation to 3 months
postpartum to
breastfeeding mothers

Eczema
Atopic eczema

Eczema
Atopic eczema
IgE-sensitization
Allergic rhinitis

Outcomes

2 years: AE LR HR 0.51 (0.27, 0.97), P = 0.04, BA
NS; sensitization and eczema NS
4 years: eczema LR cumulative HR 0.57 (0.39,
0.83); allergic rhinitis LR HR 0.38 (0.18-0.83); AE
and sensitization LR NS; BA all NS
6 years: eczema LR cumulative HR 0.56 (0.39,
0.80); sensitization LR cumulative HR 0.69 (0.480.99); AE and allergic rhinitis LR NS; BA all NS
NS

Main findings

2 years of
age

3 years of
age

1 year of
age

Eczema,
Eczema: LPR + BL999 OR 0.17 (0.08, 0.35), P <
IgE-sensitization 0.001 and ST11 + BL999 0.16 (0.08, 0.35), P <
0.001
Sensitization: LPR + BL999 OR 0.81 (0.38,
1.76), P = 0.60 and ST11 + BL999 0.99 (0.46,
2.13), P = 0.99

Eczema by
All NS
parental
questionnaire,
IgE-sensitization

Eczema
All NS
Atopic eczema
IgE-sensitization

Eczema: OR 0.43 (0.23, 0.83)
2 years o f Eczema
Atopic eczema, asthma or sensitization NS,
age
Atopic eczema
IgE-sensitization allergic rhinitis not analyzed
Asthma
Allergic rhinitis

From birth to 6 months of 1 year of
age directly to children
age

2 years of
age, followup at 4 and
6 years of
age

Duration
of followup

All group comparisons are intervention (I) vs. control (C) group. RR = risk ratio. OR = odds ratio. HR = hazard ratio. NS = no significant differences between groups. AE = atopic eczema.
LR = L. rhamnosus. BA = B. animalis lactis.

Rautava et al.,
2012b
Finland

Ou et al., 2012
Taiwan

253 infants
randomized, 245
completed the
study
415 mothers
randomized, 278
infants completed
the study

From 35 weeks gestation to
the end of breastfeeding,
maximum of 6 months
postpartum. Infants started
the capsules between 2
and 16 days postpartum,
continuing until age 2 years

Child allergy Intervention period
risk

512 mothers
High; family
randomized,
history of
411, 425 and 374 allergy
completed the
study at 2, 4 and 6
years, respectively

Subjects

250 mothers
randomized, 210
infants completed
the study
L. rhamnosus GG 1 x 191 mothers
randomized, 128
1010 CFU daily
infants completed
the study

Soh et al., 2009 L. rhamnosus LPR
Singapore
and B. longum
BL999 at least 2.8 x
108 CFU/day
Dotterud et al., L. rhamnosus GG 5
2010
x 1010, L. acidophilus
La-5 5 x 109 and B.
Norway
animalis subsp lactis
Bb12 5 x 1010 CFU
daily
Boyle et al.,
L. rhamnosus GG 1.8
2011
x 1010 CFU daily
Australia

Probiotic type(s)
+- prebiotics

Study
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2.2.2.7 Summary
The development of immunological tolerance to environmental antigens constantly
encountered after birth is an immensely complex phenomenon, starting already during
pregnancy with lifelong continuance. This delicate process is susceptible to several
external distractions, leading to unbalanced responses and thus allergic manifestations.
Moreover, there is not enough data to draw any firm conclusions about the role of
specific protective factors. The key to understanding successful tolerance induction
requires resolving the interactions among these factors, including maternal nutrition,
colonization, breastfeeding and antigen exposure patterns. Thus, there is a need for more
integrative studies, addressing these interactions.
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3.

Objectives of the Study

OBJECTIVES OF THE STUDY

The overall purpose of the present study was to modify pre- and postnatal nutrition in
order to modify infant fatty acid supply and achieve risk reduction of atopic eczema and
asthma by 4 years of life.
The speciﬁc objectives in this thesis were:
1.

To test the hypothesis that dietary counseling during pregnancy and breastfeeding
increases infants’ n-3 and essential fatty acid supply. (Studies I and II)

2.

To test the hypothesis that maternal dietary counseling and probiotic
supplementation from early pregnancy onwards reduces the risk of atopic eczema
or asthma in the children. (Study III)

3.

To investigate the impact of maternal dietary intake during pregnancy (Study
III) and breastfeeding (unpublished results) on infants’ risk of atopic eczema and
asthma.

4.

To evaluate the effect of age at introduction of complementary feeding on risk of
atopic eczema. (Study IV)

Materials and Methods

4.
4.1.
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MATERIALS AND METHODS
Subjects and the study design

A randomized, placebo-controlled trial, was conducted in Southwest Finland, where
altogether 256 pregnant women were recruited during first trimester of pregnancy
between April 2002 and November 2004 (Laitinen et al., 2009). Inclusion criteria were:
age over 18 years, pregnancy duration under 17 weeks and the unborn child having
a high risk for allergic disease (mother, father or sibling having food allergy, atopic
eczema, asthma or allergic rhinoconjunctivitis). The allergic diseases were self-reported.
Women with other chronic than allergic diseases were excluded from the study.
Information about the study was distributed in local prenatal clinics and published in local
newspapers. Interested women contacted the study nurses who explained the study protocol
and assessed eligibility. Before the first study visit, the women were randomly assigned in
3 study groups: (1) dietary counseling with probiotic supplement, (2) dietary counseling
with placebo, and (3) a control group with placebo. The random allocation was computergenerated with block-randomization of 6 women independently from the investigators by
a statistician. The study was open with respect to the dietary counseling, double-blinded
to intervention with probiotics or placebo, and single-blinded to controls with placebo.
Information on whether the participant would receive dietary counseling was enclosed in
sealed envelopes, which were opened by the study nurse and nutritionist at the first study
visit in the presence of each study participant in the order of recruitment. The randomization
code was opened after all the infants had completed the 12-month follow-up.
A subsample of 90 women was taken to participate in fatty acid analyses (Studies I
and II) at randomization. Forty-five mothers from the dietary counseling group without
probiotics and 45 mothers from the control group, i.e. mothers either receiving dietary
counseling or not, were included in consecutive order of recruitment. The number of
participants was based on previous fatty acid supplementation studies (Velzing-Aarts et
al., 2001; Dunstan et al., 2004) and practical resources.
4.1.1. Maternal dietary counseling and probiotic intervention
The dietary counseling and probiotic/placebo intervention started at the first study visit
at the first trimester of pregnancy. The probiotic capsules used contained 1 x 1010 colonyforming units (CFU) of Lactobacillus rhamnosus GG (ATCC 53103, Valio Ltd, Helsinki,
Finland) and 1 x 1010 CFU of Biﬁdobacterium lactis Bb12 (Chr. Hansen, Hoersholm,
Denmark) and the placebo capsules microcrystalline cellulose and dextrose anhydrate
(Chr. Hansen, Hoersholm, Denmark). The probiotic and placebo preparations were
similar in appearance, taste and smell. Compliance to intervention was good; more than
95 percent of the subjects consumed the capsules daily.
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The dietary counseling groups received detailed counseling by a study nutritionist
during each study visit, aimed at a diet complying with that recommended for pregnant
women during the study years (NNR, 1996; Becker, 2005). Also, all the women were
advised not to avoid any foods during pregnancy unless allergic to a particular food. The
prime objective of the dietary counseling was to consider the diet as a whole and focus
on the quality and quantity of dietary fat and fiber, with the intention of improving the
consumption of fiber, increasing the intake of unsaturated fatty acids and reducing that
of saturated fatty acids (SFA) (Piirainen et al., 2006). The counseling was provided with
layman terms and was adjusted with the women’s daily dietary habits. Each session lasted
around 30 minutes. The use of vegetables, fruits, berries, whole-grain cereals and bread,
vegetable-oil-based spreads and oil was recommended, and the consumption of leaner
meat products and low-fat cheese and fat-free/low-fat milk products was encouraged.
Fish was recommended twice per week as a main meal. The recommended amounts
of foods were planned to result in monounsaturated fatty acids (MUFA) contributing
10–15 percent of total daily energy intake (E%), PUFA contributing 5–10 E%, and SFA
contributing 10 E% or less. Total intake of fat was aimed at 30 E%, carbohydrates 55–60
E%, and protein 10–15 E%. To enhance compliance with the recommended diet and to
demonstrate sources of ideal fat and fiber content, readily available food products with
favorable fat compositions (e.g., low-erucic acid rapeseed oil–based spreads and salad
dressings, fiber-enriched pasta, muesli and porridge cereals) were provided for use at
home. The Raisio Group, Raisio, Finland, donated the food products. The probiotics/
placebo capsules and food products were provided until the cessation of exclusive
breastfeeding, however not beyond 6 months postpartum, while dietary counseling was
provided at each study visit.
4.1.2. Study visits
The study visits were scheduled at the study clinic three times before delivery and 1, 6
and 12 months after delivery. The mothers and infants were invited for further follow-up
visits at the infants’ ages of 2, 4 and 7 years. At the first visit, serving as the baseline, the
mothers’ pre-pregnancy weights were recorded from well-baby records and study nurses
measured their heights. Background information was collected by interview with the help
of semi-structured forms throughout the study. The duration of pregnancy was calculated
from the date of the last menstruation. At birth, cord blood samples were collected and
the infants were measured in the delivery hospital. Subsequently, at 1 month of age,
blood was drawn from the antecubital vein after topical lidocain anesthesia by a trained
nursing staff of TYKSLAB (laboratory belonging to the Hospital District of Southwest
Finland).
At the 6-month visit, the parents were asked about their perceptions of the child’s
health; whether their child had had any adverse reactions, and what they considered
to be the cause of these reactions. A study physician performed clinical examination
of the infants at study visits, except for the 1-month visit when a study nurse met the
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family for interview and measured the neonate’s weight and length. The continuation of
breastfeeding (exclusive, partial or ended) was recorded at home and checked at each
visit in conjunction with the interview of the mother. Of the 256 women recruited, 238
of them continued the study throughout pregnancy. Of the 238 children delivered (three
b-twins excluded), 219 completed the 6 months’, 208 the 12 months’, 186 the 24 months’
and 126 the 48 months’ follow-up (Figure 4). In addition, to maximize the number of
subjects in analyses, part of the missing data was obtained retrospectively after missed
study visits in the following time-point. Thus data was obtained in total from 223 children
from the 6 months’, 211 from the 12 months’, 186 from the 24 months’ and 129 from the
48 months’ time-points.

Figure 4. Study design and subject flow.
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4.2.

Materials and Methods

Evaluation of maternal and child diet

The mothers received 3-day food diaries to be completed at home before each study
visit before and after delivery. The days were self-selected but had to be consecutive
and include one weekend day. The women gave information in household measures
(e.g., one apple, one glass of water). The diaries were collected at each visit to assess
baseline level and the impact of nutrition counseling on food and nutrient intake. A
nutritionist verified the diaries with the study subjects with the help of a portion picture
booklet and specified the information, if needed. The nutritionist gave verbal feedback
based on the food diary and proposed improvements to the diet for those in the dietary
counseling groups. After the study visits, written feedback of the intakes of nutrients
were sent to all women by post. Daily intakes of energy and nutrients were calculated
using a computerized program (Micro-Nutrica version 2.5; Research Centre of the
Social Insurance Institution) with a validated database and continuous updates on new
commercially available foods (Jaakkola, 2013).
Based on literature search, nutrients and their food sources with possible
immunomodulatory potential, were defined from the Micro-Nutrica report: LA, ALA,
vitamin C, vitamin D, vitamin E, vitamin A (retinol equivalent comprising retinols and
carotenoids), folate, zinc, carbohydrate, fiber, protein, MUFA, PUFA, SFA and fat;
fruits/berries, vegetables, fish, meat, egg, cheese, milk, margarine, oil and butter (Hoppu
et al., 2000; Martindale et al., 2005; Devereux et al., 2006; Sausenthaler et al., 2006;
Devereux et al., 2007; Romieu et al., 2007a; Sausenthaler et al., 2007; Willers et al.,
2007; Litonjua, 2008; Whitrow et al., 2009; Lange et al., 2010; Miyake et al., 2010a;
b; Saito et al., 2010; Nurmatov et al., 2011). The n-3 and n-6 FA intakes could not be
reliably separated from the database used by the Micro-Nutrica computer program as
this information was often missing. Nutrient intakes only from diet were included into
the analyses; intakes from dietary supplements were not taken into account.
The mothers were asked to fill a free-form diary at home about the introduction of
complementary foods. They were asked to record the date for introduction of every
new complementary food during the first year; either the name of the food item or the
commercial name of a food product introduced. The duration of exclusive and total
breastfeeding was recorded from the mother. After the first year, the introduction of
missing food groups was asked and recorded at every study visit. Later these foods were
categorized into cow’s milk (infant formula, infant gruel and cow’s milk in food like
porridge or plain cow’s milk), cereals (wheat, barley, oat and rye), vegetables, fruits
and berries, meat (red and white), fish and hen’s egg. The timing of introduction was
categorized as less than 4 months, 4-6 months or greater than or equal to 7 months for
cow’s milk and fruits and berries. Cereal, fish, meat and egg were categorized as 0-6
months or greater than or equal to 7 months due to small number of introductions under 4
months of age, and vegetables as less than 4 months or greater than or equal to 4 months
due to small number of introductions over 7 months of age.
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Evaluation of child atopic disease and maternal atopy

A physician examined the infants at 6, 12, 24 and 48 months of age. Diagnosis of
eczema was conﬁrmed according to the criteria introduced by Hanifin: pruritus, typical
morphology and distribution (facial and/or extensor involvement) and chronic relapsing
course (Hanifin, 1991). The last criterion was fulfilled at 6- and 12-month study visits
if there had been manifest eczema with duration of 1 month or longer. At 24 and 48
months, the criterion was fulﬁlled only if eczema evinced a chronic relapsing course, i.e.
it had occurred at least twice with duration of 1 month each or longer. In addition, atopic
eczema was diagnosed in the case of a positive skin prick test to comply with deﬁnition
for atopy (Johansson et al., 2004).
Diagnosis of asthma was conﬁrmed if a child had been qualiﬁed by the Social Insurance
Institution of Finland for a special reimbursement for asthma medication up to the age of
4 years (the information was obtained from the national registry of the Social Insurance
Institution of Finland).
The children were skin-prick tested to objectively assess atopic sensitization at the ages
of 6 months, 1, 2 and 4 years. Skin-prick testing was chosen over serum allergen-specific
IgE antibody concentrations for the high sensitivity and equal or superior accuracy it
offers in predicting allergic reactions (Caffarelli et al., 1995; Isolauri & Turjanmaa,
1996; Majamaa et al., 1999). A pre-defined panel representing the most common causes
of sensitization in Finnish populations was applied. Allergens included cow’s milk, raw
hen’s egg white, wheat and rice ﬂour both diluted 1/10 (w/v) with 0.9 percent (w/v) sodium
chloride, gliadin diluted 1 mg/mL with an ethanol/glyceroleum/ALK-diluent (Hospital
Pharmacy of University Hospital of Turku, Turku, Finland and ALK, Hoersholm,
Denmark) mixture, cod, soya bean, birch, six grasses, cat, dog, Dermatophagoides
pteronyssimus allergen Der p1 (ALK), latex (Laboratoire Stallergenes, Antony cedex,
France) and potato, carrot and banana by prick–prick technique. In addition to the abovementioned allergens, the mothers were also tested at the third study visit for peanut,
hazelnut, alder and mugwort (ALK). Positive control was histamine dihydrochloride 10
mg/ml (ALK). The testing was performed on the volar side of the forearm with a 1-mm,
1-peak lancet (Allergologisk Laboratorium A/S) with a shoulder to prevent deeper
penetration. The study nurses recorded the perpendicular diameters of each SPT reaction
after 15 minutes. An allergen skin-test reaction with a mean wheal diameter of at least 3
mm more than the negative control (saline solution, ALK) was regarded positive.

4.4.

Fatty acid analyses

The fatty acid concentration (mg/L) and composition (proportion of total fatty acids,
w/w%) of serum phospholipids (PL), cholesteryl esters (CE), and triacylglycerols (TAG)
were analyzed from infants’ cord blood (a mixture of venous and arterial blood) and
1-month blood samples. In addition, alike FA analyses were performed from maternal
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serum at third trimester and at 1 month postpartum (Hautero et al., 2013). Blood samples
were obtained from the infants as depicted in Figure 4. At least one sample was available
from 81 infants (42 in the dietary counseling/placebo and 39 in the control group) and
both samples were available from 42 infants (22 in the dietary counseling/placebo and
20 in the control group). A detailed report of the fatty acid analysis protocol and used
internal standards has been described in studies I and II.

4.5.

Outcomes

In studies I and II, the FA status of the infants was assessed with focus on PUFA and
essential fatty acids (EFA). Detectable levels of eicosatrienoic acid (ETA, 20:3n-9) were
taken as a marker for EFA deficiency, because EFA deficiency results in an increased
production of ETA from oleic acid (Mead, 1958; Fokkema et al., 2002). When ETA
synthesis increases, the triene:tetraene ratio (20:3n-9/20:4n-6), the Holman index,
rises with values above 0.2 taken to indicate EFA deficiency (Holman et al., 1979). In
addition, DHA sufficiency (22:6n-3/22:5n-6) and deficiency (22:5n-6/22:4n-6) indexes
were calculated, which reflect the relative proportions between different classes of FA
and thus are considered sensitive markers of functional DHA status (Fokkema et al.,
2002).
The primary outcome in studies III and IV was the cumulative incidence of atopic eczema
(eczema with skin prick positivity), and in study III, also the cumulative incidence of
asthma, in the children by the age of 4 years. A cumulative incidence of atopic eczema
was chosen as the primary outcome because the chronic and relapsing nature of the
disease may cause point prevalence to be an unreliable measure (Laitinen et al., 2005).

4.6.

Statistical methods

The distributions of continuous variables were checked using tests for normality
(Shapiro-Wilk) and graphical plots. In variables describing the characteristics of the
women and infants, departures from normal distribution were not marked and were thus
analyzed using parametric methods. Two-group comparisons of continuous variables
were analyzed using either the independent-samples t test or the Mann-Whitney U test,
as appropriate. The Chi-squared test was used for dichotomous variables. SPSS (SPSS
Inc., Chicago, Illinois, USA) version 16.0 (Studies II and III) or 20 (Study I) or SAS
for Windows version 9.2 (SAS Institute Inc., Cary, North Carolina, USA) (Study IV)
were used for statistical analyses. P-values < 0.05 for a two-sided test were considered
statistically significant.
Studies I and II. Fatty acids were analyzed using the analysis of variance for repeated
measures (rmANOVA), in which the factors were group (dietary counseling/placebo
vs. control), time and group x time interaction. The potential role of maternal skin
prick test as an effect modifier was tested with the two-way ANOVA (with interaction
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term). Fatty acids are presented as means (SD) with 95% confidence intervals (CI)
or as medians and IQR. Intakes of energy and energy-yielding nutrients at the 3rd
trimester and at 1 month postpartum were adjusted to baseline and ANCOVA for
repeated measures was applied to study two-group comparisons. Post hoc tests were
not conducted, as the interactions between time and intervention were not significant
(P > 0.10) for all nutrient variables. Correlations between maternal and child fatty
acids were studied with Pearson’s correlation coefficient. The Shapiro-Wilk test for
normality and Levene’s test for homogeneity of variances were used to confirm the
assumptions of the tests.
Study III and previously unpublished data about dietary intake during lactation. The
associations of the dietary counseling to cumulative incidence of atopic eczema and
asthma by the age of 4 years were calculated using binary logistic regression analyses.
The contributions of several background variables (parity, smoking during pregnancy,
animals at home during pregnancy, maternal positive skin prick test, maternal BMI
before pregnancy, method of birth, sex of the child, birth weight, birth length and total
breastfeeding over 6 months) to the risk of outcome variables were analyzed using the
Chi-squared test. Of all those tested in the initial analyses, only a child being male
was a significant predictor. The comparisons of study groups was then conducted with
and without age-adjustment and the results are given as unadjusted and age-adjusted
odds ratios (OR) with 95% confidence intervals using the control/placebo group as a
reference group. The nutrients and foods with possible immunomodulatory potential
were analyzed as additional predictors to the risk of outcome variables during
pregnancy using the univariate Chi-squared test. Mean intakes during pregnancy
(Table 1 in Study III) and lactation (Appendix) were calculated and divided into
tertiles (low, middle, and high tertile). Only those mothers who were breastfeeding
at both study visits 1 and 6 months postpartum (either partially or exclusively) were
included into the analyses regarding dietary intake during lactation. The intakes of
nutrients and foods were introduced to the forward stepwise logistic model if P <
0.10 in the Chi-squared test (criterion for entry P < 0.10), in addition, the intervention
and gender were forced in the model. Intakes of nutrients and foods were analyzed in
separate models.
Study IV. Kaplan-Meier analysis was applied to study the univariate associations of
background factors (study group, parity, animals at home during pregnancy, method of
birth, sex of the child, breastfeeding > 6 months and parental perception that the child’s
possible reactions at 6 month visit might be allergic) and age at the introduction of each
food group to atopic eczema. Multivariate Cox’s regression analyses were then used to
further calculate the associations between age at the introduction of each food group and
atopic eczema using those background factors with P < 0.1 (male gender and parental
perception of allergy) as covariates. In addition, the study group was forced into the
model regardless of it not being significant in the Kaplan-Meier analyses. The results
were presented as hazard ratios (HRs) with their 95% confidence interval.
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Materials and Methods

Ethical aspects

The participating mothers received written information about the study and discussed
different study phases with the study nurses prior to enrollment. The mothers gave written
informed consent. The participants had the right to cancel their consent at any time
without any effect on their medical care. All women attended the care provided by the
municipal prenatal clinics with standard health dietary counseling for pregnant women
according to a national program. The information collected in the study was handled
in confidence and kept in locked cabinets. Study visits were recorded in the hospital
registry. The subjects were given feedback about their study results and were referred
to health care centers or hospital if needed. The study complies with the Declaration of
Helsinki as revised in 2000 and the study protocol was assessed ethically acceptable by
the Ethics Committee of the Hospital District of Southwest Finland.
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5.
5.1.

RESULTS
Clinical characteristics of the study participants

The clinical characteristics of the mothers and their infants are presented in Table 4.
In general, the mothers were in good health with approximately 80 percent reporting
allergic disease. The children were born healthy with only four pre-term deliveries
(range: 30.3-36.9 weeks). The study groups did not have any significant differences in
clinical characteristics, and the characteristics of the subgroup of 90 women chosen for
FA analyses were comparable to those of the whole study population (Table 4). The
characteristics of the dropouts did not differ from those who continued the study at 4
years of age, Table 5.
Table 4. Clinical characteristics of the participating mothers and their infants by study group.

Mothers
Age, y
College or university degree
Primigravida
Allergic disease
Prick positive
Prepregnancy BMI, kg/m2
Smoking during pregnancy
Infants
Birth at weeks of gestation
Caesarian section
Male gender
Birth weight, g
Birth length, cm
Exclusive breastfeeding, mo
Total breastfeeding, mo

Dietary
Dietary
Subgroup1
counseling and counseling and of dietary
probiotics
placebo
counseling and
placebo
(n = 85)
(n = 86)
(n = 45)

Controls

Subgroup1
of controls

(n = 85)

(n = 45)

29.7 (4.2)
65 (78.3)
55 (64.7)
67 (78.8)
50 (61.7)
22.9 (3.2)
1 (1.3)

30.1 (5.2)
58 (67.4)
44 (51.2)
70 (81.4)
43 (55.1)
24.3 (4.4)
5 (6.4)

30.8 (5.4)
31 (68.9)
21 (46.7)
36 (80.0)
23 (52.3)
24.2 (4.2)
2 (4.4)

30.2 (5.0)
67 (78.8)
48 (56.5)
65 (76.5)
44 (56.4)
23.7 (3.5)
5 (6.3)

30.3 (4.4)
36 (80.0)
25 (55.6)
36 (80.0)
24 (54.5)
23.1 (3.4)
2 (4.4)

40.0 (1.3)
13 (17.3)
42 (51.9)
3490 (430)
50.7 (1.8)
3.1 (1.7)
7.7 (4.4)

40.0 (1.7)
12 (15.6)
39 (49.4)
3600 (440)
51.3 (1.7)
3.3 (2.1)
9.0 (5.8)

39.7 (2.1)
7 (15.9)
22 (48.9)
3610 (480)
51.3 (1.7)
2.9 (2.3)
8.4 (5.9)

40.1 (1.3)
11 (14.3)
43 (55.8)
3600 (510)
51.0 (2.2)
3.1 (1.6)
8.3 (4.5)

40.0 (1.4)
6 (13.6)
27 (62.8)
3590 (520)
50.8 (2.2)
3.0 (1.8)
7.7 (4.2)

Values are mean (SD) or n (%). No significant differences between the three original study groups (ANOVA) or between
subjects included vs. not included to the subgroup (independent samples t-test or Chi-squared test). 1Subgroup =
those participating in FA analyses in studies I and II.
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Table 5. Clinical characteristics of those continuing in the study at 4 years of age and the dropouts.
Continuing the study at 4 y
n =126

Drop-outs
n =130

46 (36.5)
40 (31.7)
40 (31.7)
30.4 (4.5)
99 (79.2)
99 (78.6)
23.4 (3.4)
40.1 (1.4)
8.5 (4.6)
24 (19.4)
21 (16.7)

39 (30.0)
46 (35.4)
45 (34.6)
29.6 (5.1)
91 (70.5)
103 (79.2)
23.8 (4.1)
39.9 (1.6)
7.9 (5.4)
14 (15.9)
18 (19.6)

Study group
Dietary counseling/probiotics
Dietary counseling/placebo
Controls
Maternal age at baseline, y
College or university degree
Maternal allergic disease
Maternal pre-pregnancy BMI, kg/m2
Birth at weeks of gestation
Total breastfeeding, mo
Child prick positive at 6 mo
Child eczema at 6 mo

Values are mean (SD) or n (%). No significant differences between groups with independent samples t-test or Chisquared test.

5.2.

Allergic diseases during the study

The development of allergic diseases was carefully assessed at each study visit by a
study physician. By 4 years of age, altogether 74 of the 219 children with available data
(33.8%) were sensitized to one or more of the tested allergens, 86 out of the 219 (39.3%)
had eczema, 40 out of the 219 (18.3%) had the diagnosis of atopic eczema and 20 out of
the 194 (10.3%) the diagnosis of asthma. The prevalence of atopic sensitization, eczema
and atopic eczema during each study visit is shown in Figure 5.
During the first 6 months after birth, any adverse reaction in child was reported by
84 (39.4%) of the 213 parents (missing data n=6), of whom 69 (82.1%) reported that
they suspected these reactions to be allergy-induced. At 6 months of age, 57 of the 213
children (26.8%) were on elimination diet due to suspected allergy (parental report),
although at the same time only 20 of the 221 children (9.0%) were diagnosed with atopic
eczema by a physician.

Results
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Figure 5. The prevalence of atopic sensitization, eczema (both atopic and nonatopic) and atopic ezcema at each
study visit. Percentages indicate subjects with positive skin prick test, eczema or atopic eczema from those present
at respective study visit.
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5.3.

Results

Effects of the dietary counseling and probiotic intervention

5.3.1. Maternal diet
The dietary intakes of the mothers were similar at the first trimester of pregnancy
(baseline) in all three groups. There were no significant differences in dietary intakes
between mothers in the dietary counseling group with probiotics or placebo. The findings
in the subgroup of 90 women participating in the fatty acid study (studies I and II) were
similar to the whole study population.
During pregnancy (the average of all three trimesters, whole study population in study
III), mothers receiving dietary counseling (n = 171) consumed significantly less SFA
[mean 12.1 E% (SD 2.3) vs. 13.1 E% (2.4), P = 0.003] and significantly more PUFA [5.5
E% (1.1) vs. 5.1 E% (1.1), P = 0.001] than controls (n = 85). In addition, the consumption
of dietary fiber [21.3 g (5.9) vs. 19.4 g (5.7), P = 0.016)], folate [300 μg (71) vs. 280 μg
(64), P = 0.016] and vitamins C [150 mg/day (63) vs. 130 mg/day (49), P = 0.006] and
E [10.5 mg/day (2.8) vs. 9.0 mg/day (2.6), P < 0.001] was significantly higher in the
dietary counseling groups than in the control group. Total energy intake (kJ) and intakes
of total fat, protein, and carbohydrate as a percent of energy and other nutrients were
similar between the study groups. The change in dietary habits was evident as greater
consumption of combined amount of vegetables, fruits and berries [640 g/day (200) vs.
580 g/day (150), P = 0.007], margarine [18.6 g/day (8.3) vs. 15.8 g/day (8.6), P = 0.015]
and lesser consumption of butter [3.9 g/day (4.3) vs. 6.1 g/day (6.8), P = 0.009] in the
dietary counseling groups than in the control group. There was no difference between
the groups in consumption of other foods, including also vegetable oil, fish and wholegrain products.
Likewise, during the first 6 months after giving birth (the average of 1 and 6 months
postpartum), the mothers in the dietary counseling groups (n = 154) consumed
significantly less SFA [mean 12.0 E% (SD 2.5) vs. 13.6 E% (2.8), P < 0.001] and
significantly more PUFA [6.0 (1.2) vs. 5.4 (1.3) E%, P = 0.001], MUFA [11.5 E%
(1.9) vs. 10.8 E% (2.3), P = 0.012] and E-vitamin [10.6 mg/day (3.0) vs. 9.3 mg/day
(2.4), P = 0.001] than control mothers (n = 73). The use of margarine [22.8 g/day
(10.7) vs. 19.1 g/day (9.5), P = 0.011], vegetable oil [12.3 g/day (8.9) vs. 9.0 g/day
(6.4), P = 0.002] and combined amount of vegetables, fruits and berries [530 g/day
(220) vs. 460 g/day (170), P = 0.015] was greater and the use of butter [2.7 g/day
(4.4) vs. 5.4 g/day (7.2), P = 0.004] lesser than in those receiving dietary counseling.
No differences were observed in intakes of other nutrients or consumption of other
foods.
5.3.2. Child fatty acid profiles (I and II)
Fatty acid profiles in cord blood. In cord blood PL FA, the proportion and concentration of
ETA (20:3n-9) and the proportion of docosapentaenoic acid (22:5n-6) were significantly
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lower in the dietary counseling/placebo than in the control group, Table 6. Further, the
EFA deficiency index (the Holman index, 20:3n-9/20:4n-6) was lower [median 0.05 (IQR
0.03-0.06) vs. 0.07 (0.05-0.08), P = 0.004], the DHA sufficiency index (22:6n-3/22:5n-6)
was higher [14.2 (9.7-17.0) vs. 9.9 (8.3-13.6), P = 0.009] and the DHA deficiency index
(22:5n-6/22:4n-6) was lower [0.83 (0.73-1.13) vs. 1.04 (0.86-1.14), P = 0.048] in the
dietary counseling/placebo than in the control group, respectively. In line with these
indexes, the proportion of DHA (22:6n-3) in TAG fraction was significantly higher in the
counseling versus the control group.
No other significant differences were observed between the study groups in proportions
or concentrations of CE or TAG FA, Tables 6 and 7.
Table 6. The proportions (percentage of total FA) of serum PL, CE and TAG FA in cord blood.

SFA
MUFA
PUFA
18:2n-6
18:3n-6
20:3n-6
20:4n-6
22:4n-6
22:5n-6
Sum n-6
18:3n-3
20:5n-3
22:5n-3
22:6n-3
Sum n-3
n-6/n-3
20:3n-9

Phospholipids
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
48.76 (6.50) 47.32 (0.85)
14.48 (2.51) 15.15 (1.63)
36.77 (4.89) 37.52 (1.71)
6.95 (1.38) 7.23 (1.27)
0.08 (0.05) 0.08 (0.06)
5.23 (0.96) 5.56 (0.80)
14.54 (2.22) 14.77 (1.59)
0.53 (0.12) 0.56 (0.08)
0.49 (0.18) 0.61 (0.19)
27.82 (3.95) 28.81 (2.04)
0.08 (0.14) 0.04 (0.04)
1.09 (0.71) 1.18 (0.65)
0.56 (0.25) 0.47 (0.17)
6.47 (1.66) 6.02 (1.03)
8.19 (2.03) 7.71 (1.50)
3.55 (0.87) 3.91 (0.99)
0.76 (0.42) 1.01 (0.39)

P1
0.252
0.231
0.439
0.420
0.956
0.158
0.867
0.266
0.015*
0.238
0.247
0.624
0.141
0.223
0.313
0.137
0.023*

Cholesteryl esters
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
24.0 (2.0)
24.2 (1.2)
42.3 (4.7)
42.1 (4.0)
33.7 (4.8)
33.7 (4.2)
16.2 (2.0)
16.3 (2.8)
0.72 (0.24) 0.78 (0.23)
1.45 (0.23) 1.48 (0.43)
12.1 (2.8)
12.0 (2.2)
0.01 (0.03)
0.02 (0.1)
0.15 (0.17) 0.11 (0.13)
30.6 (4.4)
30.6 (4.2)
0.28 (0.18) 0.28 (0.16)
0.85 (0.40) 0.80 (0.31)
0.04 (0.12) 0.01 (0.04)
1.47 (0.50)2 1.29 (0.37)2
2.65 (0.8)
2.38 (0.7)
12.4 (3.1)
13.7 (3.8)
0.46 (0.30) 0.70 (1.22)

P1
0.620
0.857
0.998
0.877
0.318
0.793
0.841
0.534
0.393
0.981
0.960
0.560
0.202
0.129
0.190
0.141
0.303

Triacylglycerols
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
34.91 (2.27) 36.22 (2.61)
41.52 (3.62) 42.02 (3.28)
23.58 (3.95) 21.76 (3.53)
9.89 (1.79) 9.59 (2.34)
0.49 (0.13) 0.50 (0.18)
0.83 (0.16) 0.85 (0.31)
3.49 (0.99) 3.22 (0.88)
0.60 (0.17) 0.57 (0.14)
0.86 (0.26) 0.85 (0.30)
16.16 (2.60) 15.58 (2.93)
0.65 (0.22) 0.62 (0.23)
0.85 (0.45) 0.78 (0.34)
0.60 (0.32) 0.47 (0.18)
4.44 (1.87)2 3.21 (0.99)2
6.53 (2.45) 5.08 (1.32)
2.72 (0.81) 3.22 (0.91)
0.89 (0.34) 1.11 (0.34)

Data were analyzed by independent-samples t-test. 2Eluted with 24:1 in the analyses. *P < 0.05.

1

P1
0.043
0.582
0.069
0.585
0.784
0.764
0.281
0.412
0.880
0.426
0.610
0.540
0.055
0.002*
0.006
0.029
0.017*
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Table 7. The concentrations (mg/L) of serum PL, CE and TAG FA in cord blood.

SFA
MUFA
PUFA
18:2n-6
18:3n-6
20:3n-6
20:4n-6
22:4n-6
22:5n-6
Sum n-6
18:3n-3
20:5n-3
22:5n-3
22:6n-3
Sum n-3
20:3n-9

Phospholipids
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
42.39 (11.31) 42.77 (11.93)
12.92 (4.51) 13.72 (4.32)
32.75 (10.49) 33.87 (9.38)
6.20 (2.11) 6.45 (1.90)
0.07 (0.05) 0.06 (0.05)
4.63 (1.47) 5.03 (1.52)
12.95 (4.29) 13.28 (3.84)
0.48 (0.18) 0.51 (0.16)
0.44 (0.22) 0.56 (0.27)
24.75 (7.85) 25.88 (7.00)
0.07 (0.12) 0.04 (0.04)
0.97 (0.74) 1.12 (0.74)
0.51 (0.30) 0.42 (0.19)
5.783 (2.33) 5.46 (1.85)
7.33 (3.00) 7.04 (2.58)
0.67 (0.38) 0.95 (0.55)

P1
0.901
0.491
0.669
0.635
0.903
0.312
0.757
0.514
0.062
0.564
0.255
0.449
0.219
0.558
0.697
0.026*

Cholesteryl esters
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
16.78 (5.82) 16.57 (5.56)
29.41 (9.97) 28.81 (10.57)
23.31 (8.40) 22.79 (7.22)
11.22 (4.04) 10.93 (3.53)
0.49 (0.21) 0.52 (0.20)
1.00 (0.34) 1.02 (0.42)
8.36 (3.44) 8.13 (3.02)
0.01 (0.02) 0.02 (0.09)
0.01 (0.11) 0.08 (0.09)
21.17 (7.71) 20.69 (6.73)
0.19 (0.12) 0.19 (0.11)
0.59 (0.33) 0.53 (0.23)
0.02 (0.06) 0.01 (0.03)
1.02 (0.51)2 0.88 (0.38)2
1.83 (0.81) 1.61 (0.62)
0.31 (0.19) 0.95 (0.55)

P1
0.889
0.823
0.803
0.768
0.540
0.854
0.794
0.439
0.482
0.804
0.747
0.453
0.226
0.241
0.250
0.263

Triacylglycerols
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
9.10 (4.87) 12.22 (11.47)
10.79 (5.68) 13.98 (12.69)
6.29 (3.73) 7.50 (7.14)
2.69 (1.69) 3.52 (3.83)
0.13 (0.08) 0.16 (0.16)
0.22 (0.13) 0.30 (0.36)
0.95 (0.68) 1.04 (0.95)
0.17 (0.13) 0.20 (0.20)
0.23 (0.16) 0.29 (0.29)
4.38 (2.76) 5.50 (5.61)
0.18 (0.12) 0.22 (0.22)
0.20 (0.12) 0.23 (0.15)
0.17 (0.13) 0.17 (0.17)
1.13 (0.71)2 1.03 (0.83)2
1.68 (1.02) 1.65 (1.33)
0.23 (0.13) 0.35 (0.32)

P1
0.190
0.230
0.425
0.296
0.360
0.282
0.656
0.469
0.385
0.344
0.342
0.510
0.868
0.610
0.927
0.061

Data were analyzed by independent-samples t-test. 2Eluted with 24:1 in the analyses. *P < 0.05.

1

Fatty acid profiles at 1 month of age. There were no significant differences between the
dietary counseling and control group in proportions or concentrations of PL, CE, or TAG
fatty acids at 1 month of age, Tables 8 and 9.
All FA concentrations increased or decreased significantly from cord blood to 1 month,
but in general, the change was not significantly different between the study groups
(repeated measures ANOVA, no interaction between time and group). However, a
distinction in EPA (20:5n-3) status existed: in TAG and PL, the concentration of EPA
increased in children, whose mothers received dietary counseling, but declined in control
subjects from birth to 1 month of age (time x group interaction P = 0.009 for TAG and
P = 0.044 for PL). When examining cord blood and 1 month time points together using
ANOVA for repeated measures, in TAG the proportion of sum of n-3 FA was higher
(4.88% vs. 3.89%, P=0.012), and consequently also the ratio of sum of n-6 to n-3 FA was
lower (3.85 vs. 4.61, P = 0.022) over the study period in children whose mothers were
receiving vs. not receiving counseling.
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Table 8. The proportions (percentage of total FA) of serum PL, CE and TAG FA at 1 month of age.

SFA
MUFA
PUFA
18:2n-6
18:3n-6
20:3n-6
20:4n-6
22:4n-6
22:5n-6
Sum n-6
18:3n-3
20:5n-3
22:5n-3
22:6n-3
Sum n-3
n-6/n-3
20:3n-9

Phospholipids
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
44.84 (1.41) 44.73 (1.36)
16.33 (1.35) 16.47 (2.00)
38.83 (1.50) 38.80 (2.03)
19.46 (2.91) 19.19 (2.65)
0.06 (0.03) 0.06 (0.03)
3.14 (0.54) 3.32 (0.43)
9.51 (1.85) 9.64 (1.59)
0.26 (0.04) 0.27 (0.04)
0.20 (0.08) 0.19 (0.07)
32.65 (1.70) 32.66 (2.29)
0.19 (0.04) 0.17 (0.05)
0.72 (0.39) 0.69 (0.39)
0.73 (0.20) 0.72 (0.13)
4.10 (1.09) 4.07 (0.93)
5.74 (1.56) 5.66 (1.23)
6.35 (2.89) 6.09 (1.58)
0.44 (0.21) 0.48 (0.20)

P1
0.757
0.746
0.946
0.690
0.720
0.145
0.773
0.577
0.489
0.974
0.065
0.753
0.924
0.907
0.811
0.668
0.472

Cholesteryl esters
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
19.0 (2.0)
19.4 (1.7)
34.2 (2.9)
34.6 (3.5)
46.8 (3.5)
46.0 (4.2)
36.7 (3.6)
36.0 (3.9)
0.45 (0.11) 0.48 (0.16)
0.78 (0.17) 0.80 (0.16)
6.32 (1.73) 6.25 (1.61)
0.00 (0.01) 0.00 (0.01)
0.09 (0.10) 0.08 (0.09)
44.3 (3.5)
43.6 (4.3)
0.66 (0.20) 0.58 (0.17)
0.70 (0.41) 0.68 (0.35)
0.03 (0.03) 0.02 (0.04)
0.70 (0.23)2 0.70 (0.21)2
2.08 (0.73) 1.98 (0.50)
24.4 (10.6)
23.5 (6.5)
0.39 (0.30) 0.42 (0.27)

Triacylglycerols
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
35.42 (4.25) 36.10 (3.26)
47.19 (2.69) 46.97 (3.26)
17.39 (2.38) 16.93 (2.97)
12.40 (2.27) 12.09 (2.72)
0.17 (0.10) 0.17 (0.11)
0.35 (0.11) 0.36 (0.12)
0.94 (0.32) 0.94 (0.31)
0.12 (0.05) 0.14 (0.07)
0.08 (0.06) 0.10 (0.10)
14.06 (2.10) 13.79 (2.82)
1.67 (0.47) 1.48 (0.44)
0.29 (0.20) 0.25 (0.23)
0.26 (0.14) 0.26 (0.11)
0.78 (0.45)2 0.76 (0.47)2
3.01 (1.02) 2.75 (0.83)
5.29 (2.33) 5.44 (1.90)
0.33 (0.17) 0.40 (0.23)

P1
0.401
0.630
0.416
0.471
0.519
0.610
0.866
0.809
0.712
0.463
0.103
0.856
0.570
0.935
0.509
0.684
0.625

P1
0.478
0.769
0.496
0.620
0.869
0.651
0.933
0.429
0.364
0.665
0.098
0.442
0.911
0.840
0.270
0.778
0.174

Data were analyzed by independent-samples t-test. 2Eluted with 24:1 in the analyses. *P < 0.05.

1

Table 9. The concentrations (mg/L) of serum PL, CE and TAG FA at 1 month of age.

SFA
MUFA
PUFA
18:2n-6
18:3n-6
20:3n-6
20:4n-6
22:4n-6
22:5n-6
Sum n-6
18:3n-3
20:5n-3
22:5n-3
22:6n-3
Sum n-3
20:3n-9

Phospholipids
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
70.83 (20.54) 74.66 (15.55)
25.66 (7.54) 27.22 (5.58)
61.36 (18.24) 65.12 (15.42)
30.83 (10.25) 32.29 (8.92)
0.10 (0.06) 0.10 (0.05)
5.02 (1.84) 5.55 (1.44)
14.97 (5.33) 16.17 (4.45)
0.42 (0.14) 0.45 (0.12)
0.33 (0.18) 0.32 (0.13)
51.66 (15.49) 54.89 (13.37)
0.31 (0.12) 0.29 (0.10)
1.11 (0.63) 1.14 (0.64)
1.14 (0.47) 1.21 (0.32)
6.43 (2.58) 6.80 (2.20)
8.99 (3.60) 9.44 (2.90)
0.70 (0.40) 0.79 (0.39)

P1
0.407
0.352
0.377
0.545
0.936
0.207
0.331
0.267
0.796
0.377
0.653
0.854
0.545
0.534
0.582
0.382

Cholesteryl esters
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
24.86 (8.44) 27.00 (7.72)
44.97 (14.52) 48.37 (14.35)
61.33 (19.64) 63.85 (16.58)
48.06 (15.57) 50.03 (13.50)
0.58 (0.20) 0.65 (0.22)
1.02 (0.40) 1.09 (0.29)
8.31 (3.62) 8.62 (2.91)
0.00 (0.01) 0.00 (0.02)
0.13 (0.02) 0.12 (0.02)
58.09 (18.64) 60.50 (15.78)
0.87 (0.40) 0.83 (0.39)
0.91 (0.60) 0.94 (0.54)
0.03 (0.05) 0.03 (0.05)
0.41 (0.07)2 0.40 (0.07)2
2.73 (1.30) 2.77 (1.05)
0.51 (0.36) 0.58 (0.37)

P1
0.295
0.350
0.582
0.592
0.197
0.424
0.710
0.720
0.866
0.580
0.716
0.864
0.627
0.601
0.905
0.426

Triacylglycerols
Diet/placebo
Control
(n = 31)
(n = 28)
Mean (SD)
Mean (SD)
34.25 (16.57) 32.73 (13.88)
45.75 (21.80) 42.28 (16.48)
16.85 (8.65) 15.29 (6.51)
12.24 (6.74) 11.06 (5.11)
0.14 (0.06) 0.14 (0.06)
0.32 (0.17) 0.31 (0.15)
0.85 (0.43) 0.81 (0.35)
0.11 (0.06) 0.12 (0.07)
0.07 (0.05) 0.09 (0.09)
13.73 (7.21) 12.54 (5.57)
1.64 (1.01) 1.38 (0.71)
0.24 (0.17) 0.17 (0.10)
0.24 (0.17) 0.22 (0.10)
0.70 (0.53)2 0.62 (0.37)2
2.81 (1.67) 2.39 (1.05)
0.31 (0.20) 0.36 (0.25)

Data were analyzed by independent-samples t-test. 2Eluted with 24:1 in the analyses. *P < 0.05.

1

P1
0.693
0.477
0.420
0.435
0.942
0.811
0.717
0.537
0.183
0.464
0.239
0.064
0.638
0.511
0.238
0.398
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The correlation of maternal and child fatty acids. Previously, an increase in the sum
of n-3 FA, PUFA and DHA was observed in maternal plasma PL at third trimester
with similar changes in CE and TAG fractions, but not at 1 month postpartum
(Hautero et al., 2013). Although there were no differences in child FA status between
the counseling and control group at 1 month of age, the majority of the maternal and
child serum fatty acids were strongly positively correlated at the same time, Table
10.
Table 10. Correlations between maternal and child serum fatty acids at 1 month postpartum.
Phospholipids

Cholesteryl esters

Triacylglycerols

R

P

R

P

R

P

SFA (%)

0.363

0.003*

0.073

0.567

0.644

<0.001*

SFA (mg)

0.181

0.153

0.312

0.012*

0.098

0.443

MUFA (%)

0.142

0.261

0.173

0.171

0.670

<0.001*

MUFA (mg)

0.134

0.293

0.283

0.023*

0.052

0.685
<0.001*

PUFA (%)

0.090

0.480

0.188

0.138

0.606

PUFA (mg)

0.173

0.172

0.354

0.004*

0.171

0.177

18:2n-6 (%)

0.126

0.322

0.129

0.310

0.536

<0.001*

18:2n-6 (mg)

0.205

0.104

0.361

0.003*

0.268

0.032*

18:3n-6 (%)

0.085

0.504

0.247

0.049*

0.306

0.014*

18:3n-6 (mg)

0.074

0.560

0.337

0.006*

0.234

0.063

20:3n-6 (%)

0.518

<0.001*

0.242

0.054

0.338

0.006*

20:3n-6 (mg)

0.293

0.019*

0.189

0.134

-0.070

0.583

20:4n-6 (%)

0.373

0.002*

0.354

0.004*

0.383

0.002*

20:4n-6 (mg)

0.233

0.064

0.302

0.015*

0.012

0.927

Total n-6 (%)

0.281

0.024*

0.156

0.218

0.573

<0.001*

Total n-6 (mg)

0.218

0.083

0.357

0.004*

0.223

0.076

18:3n-3 (%)

0.469

<0.001*

0.636

<0.001*

0.767

<0.001*

18:3n-3 (mg)

0.270

0.031*

0.464

<0.001*

0.123

0.332

20:5n-3 (%)

0.735

<0.001*

0.837

<0.001*

0.564

<0.001*

20:5n-3 (mg)

0.490

<0.001*

0.574

<0.001*

0.370

0.003*

22:5n-3 (%)

0.531

<0.001*

0.056

0.659

0.613

<0.001*

22:5n-3 (mg)

0.248

0.048*

0.061

0.631

0.106

0.407

22:6n-3 (%)

0.500

<0.001*

0.445

<0.001*

0.583

<0.001*

22:6n-3 (mg)

0.218

0.083

0.294

0.019*

0.366

0.003*

Total n-3 (%)

0.636

<0.001*

0.794

<0.001*

0.730

<0.001*

Total n-3 (mg)

0.255

0.042*

0.448

<0.001*

0.109

0.390

n6/n3

0.552

<0.001*

0.540

<0.001*

0.579

<0.001*

R = Pearson’s correlation coefficient. *P < 0.05. n = 64.
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5.3.3. Allergic manifestations in the child (III)
The dietary counseling with or without probiotic supplementation had no significant
effect on the risk of child cumulative incidence of atopic eczema or asthma by 4 years
of age, Table 11. Of all the background factors (other than dietary compounds) tested,
only a child being male was a significant risk factor for atopic eczema [OR 3.73 (95%
CI 1.68, 8.27), P = 0.001]. Also, the risk of asthma tended to be higher among boys than
girls [OR 2.29 (95% CI 0.90, 5.80), P = 0.082].
Table 11. Cumulative incidence of atopic eczema, eczema and asthma in the study groups by the age of 4 years.

Atopic eczema

Eczema3

Asthma

Cumulative
incidence 1

Non-adjusted logistic
regression analysis

Adjusted2 logistic
regression analysis

OR

OR

Control/Placebo

12.9 (9/70)

1.00

Diet/Probiotics

18.7 (14/75)

1.56

0.63, 3.86

0.341

Diet/Placebo

22.7 (17/75)

1.99

0.82, 4.81

0.128

Control/Placebo

41.4 (29/70)

1.00

95% CI

P

95% CI

P

1.68

0.66, 4.27

0.275

2.29

0.92, 5.69

0.076

1.00

1.00

Diet/Probiotics

36.5 (27/74)

0.81

0.42, 1.59

0.543

0.85

0.43, 1.69

0.645

Diet/Placebo

40.0 (30/75)

0.94

0.49, 1.83

0.861

1.01

0.51, 1.99

0.979

Control/Placebo

7.2 (5/69)

1.00

Diet/Probiotics

7.6 (6/79)

1.05

0.31, 3.61

0.936

1.08

0.31, 3.72

0.907

Diet/Placebo

16.2 (12/74)

2.48

0.83, 7.44

0.106

2.59

0.85, 7.87

0.092

1.00

Values are % (number of subjects with diagnosis / total number of subjects). 2Adjusted for sex. 3Both non-atopic and
atopic eczema.
1

5.4.

Dietary exposures defining child allergy

5.4.1. Maternal diet during pregnancy (III)
In univariate analyses, non-linear associations to child risk of atopic eczema were
found with dietary intakes of ALA (18:3n-3) (P = 0.071), vitamin C (P = 0.087), folate
(P = 0.053), vegetables (P = 0.066), cheese (P = 0.072), milk (P = 0.013) and margarine
(P = 0.098), and association to child risk of asthma with protein (P = 0.046). A positive
linear association with atopic eczema was seen in the intake of dietary fibre (P =
0.057).
In multivariate analyses, the risk for atopic eczema was lower in children whose mothers
had consumed milk between 231-392 g/day [OR 0.27 (95% CI 0.10, 0.73), P = 0.009]
with a similar trend for consumption exceeding 392 g/day when compared to children
whose mothers had consumed less than 231 g/day (Table 12, Model 1B). Conversely,
the risk of atopic eczema was higher in children whose mothers had consumed cheese
37.3-55.9 g/day during pregnancy [OR 2.65 (95% CI 1.02, 6.89), P = 0.046] with similar
trend for consumption exceeding 55.9 g/day, compared to mothers with intakes less than
37.3 g/day.
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Table 12. Multivariate logistic regression analyses of the dietary factors during pregnancy associated with child
cumulative incidence of atopic eczema and asthma by the age of 4 years. Nutrients and foods were included in
separate models.
Study outcome Model

Dietary factors Predictors1

Atopic eczema

Nutrients

Multivariate logistic regression2
OR (95% CI)

1A.

1B.

Foods

Folate

Medium intake
High intake
Dietary fibre
Medium intake
High intake
Cheese
Milk

Asthma

2.05 (0.75, 5.55)
0.52 (0.15, 1.79)
1.19 (0.41, 3.41)
3.05 (0.99, 9.42)

P
0.014
0.160
0.302
0.084
0.751
0.052

Medium intake
High intake

2.65 (1.02, 6.89)
1.28 (0.46, 3.52)

Medium intake
High intake

0.27 (0.10, 0.73)
0.51 (0.21, 1.20)

0.085
0.046*
0.636
0.028
0.009*
0.123

2.76 (0.96, 7.92)
0.70 (0.18, 2.65)

0.037
0.060
0.597

2A.

Nutrients

Protein (E%)
Medium intake
High intake

2B.

Foods 3

–

Low intake is the reference category. 2Adjusted for study group and gender. Intakes of nutrients and foods were
introduced to the forward stepwise logistic model if P < 0.10 in univariate analysis. 3The multivariate model was not
conducted as P > 0.10 for intakes of nutrients and foods in univariate analyses. *P < 0.05.
1

5.4.2. Maternal diet during breastfeeding
In univariate analyses, positive linear associations with asthma were observed with
vitamin C (P = 0.012), vitamin E (P = 0.012), folate (P = 0.070), fat (MJ) (P = 0.067) and
fruits and berries (P = 0.059). A negative linear association with atopic eczema existed
with the intake of egg (P = 0.041).
In multivariate analyses, the children, whose mothers had received C-vitamin over 140
mg/day [OR 5.85 (95% CI 1.19, 28.7), P = 0.029] had a higher risk for atopic eczema
when compared to children, whose mothers had intakes less than 80 mg/day. The risk of
atopic eczema was lower in children, whose mothers had consumed hen’s egg over 20 g/
day during pregnancy [OR 0.23 (95% CI 0.07, 0.73), P = 0.012], compared to mothers
with intakes less than 8 g/day, Table 13.
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Table 13. Multivariate logistic regression analyses of the dietary factors during breastfeeding associated with child
cumulative incidence of atopic eczema and asthma by the age of 4 years. Nutrients and foods were included in
separate models.
Study outcome Model

Dietary factors Predictors1

Atopic eczema

1A.

Nutrients3

–

1B.

Foods

Hen’s egg

2A.

Nutrients

C-vitamin

2B.

Foods

Asthma

Multivariate logistic regression2
OR (95% CI)

P

Medium intake
High intake

0.44 (0.17, 1.19)
0.23 (0.07, 0.73)

0.034
0.108
0.012*

Medium intake
High intake

1.50 (0.24, 9.54)
5.85 (1.19, 28.7)

0.031
0.665
0.029*

Fruits & berries
Medium intake
High intake

0.86 (0.16, 4.60)
3.01 (0.74, 12.2)

0.113
0.856
0.123

1
Low intake is the reference category. 2Adjusted for study group and gender. Intakes of nutrients and foods were
introduced to the forward stepwise logistic model if P < 0.10 in univariate analysis. 3The multivariate model was not
conducted as P > 0.10 for intakes of nutrients and foods in univariate analyses. *P < 0.05.

5.4.3. Timing of complementary feeding (IV)

Percent free of atopic eczema

The children, who had been introduced to cereals and fish after 7 months of age, had
significantly more atopic eczema than those children with introduction before 7 months
(P = 0.005 and P = 0.013, respectively) (Figures 6 and 7). When controlling for the
effects of the parents’ perception that their child may show symptoms of allergic disease
at six months of age, the sex of the child and the study group, the associations between
the introduction of cereals or fish and atopic eczema were no longer significant (Table
14). The only factors that were significant were parental perception of adverse reactions
in both models and male gender in the model for the introduction of cereals.
100
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Figure 6. Kaplan-Meier analysis of the association between the age at introduction of cereals (<7 months vs. ≥ 7
months) and atopic eczema by 4 years of age. The figure has been published previously in the original publication IV.
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Figure 7. Kaplan-Meier analysis of the association between the age at introduction of fish (< 7 months vs. ≥ 7 months)
and atopic eczema by 4 years of age. The figure has been published previously in the original publication IV.

Table 14. The effect of introduction of a) cereals and b) fish after 7 months of age on cumulative incidence of atopic
eczema by 4 years of age.
a)

Groupa
Diet/probiotics
Diet/placebo
Male genderb
Cereals ≥ 7 moc
Parental perception*

HR

95% CI

P

1.14
1.29
2.73
1.43
10.0

0.49, 2.66
0.57, 2.94
1.28, 5.80
0.73, 2.80
4.51, 22.2

0.764
0.538
0.009
0.303
<0.001

HR

95% CI

P

0.90
1.11
2.67
1.73
9.79

0.37, 2.24
0.44, 2.79
1.16, 6.11
0.75, 3.99
4.33, 22.1

0.828
0.822
0.021
0.196
< 0.001

b)
Groupa
Diet/probiotics
Diet/placebo
Male genderb
Fish ≥ 7 mod
Parental perception*

Multivariate analysis performed with Cox’s regression analysis. HR = hazard ratio. Reference groups: a control group,
female gender, c cereals < 7 mo and d fish < 7 mo. *Parental perception that the child’s reactions at 6 months of age
could be allergic. The table has been modified from original publication IV.
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Modification of infant fatty acid status by dietary counseling (I and II)

Maternal dietary counseling was reflected in infant cord serum FA as a lower PL
eicosatrienoic acid (20:3n-9, marker for essential fatty acid deficiency) status and more
favorable relation of functional indices, suggesting a better essential fatty acid status in
infants, whose mothers received counseling. Further, an increased proportion of n-3 FA
and reduced proportion of SFA in TAG fraction was observed. Although TAG fraction
reflects changes from very recent intake, these findings together demonstrate the delivery
of maternal dietary changes due to dietary counseling during pregnancy to the infant. In
previous intervention studies during pregnancy, erythrocyte and plasma PL FA were
used as biomarkers of child FA supply (Helland et al., 2001; Montgomery et al., 2003;
de Groot et al., 2004; Dunstan et al., 2004; Sanjurjo et al., 2004; Helland et al., 2006;
Krauss-Etschmann et al., 2007), but this is the first study to investigate the impact of
maternal dietary modification also on infant serum TAG and CE FA. Both TAG and CE
are markers for dietary intake in adults (Baylin & Campos, 2006) and children (Moilanen
et al., 1983; Nikkari et al., 1983; Lagström et al., 1998). However, no effect of dietary
counseling on cord CE FA fraction was observed in this study.
A possible explanation for the lack of effect in CE fraction and the relatively modest
changes seen in PL and TAG fractions is that the magnitude of changes in maternal dietary
FA intakes achieved through counseling were not sufficient to induce more pronounced
modification of cord FA. The changes in maternal FA intakes during pregnancy in the
subgroup analysis were significant (intakes of total PUFA were 2.03 g/day more in
the intervention than in the control group) (Hautero et al., 2013), but on the basis of
approximate n-3 to n-6 ratio of 1:4 in Finland (Helldán et al., 2013) it may be presumed
that the increase in total n-3 FA and EPA + DHA remained smaller when compared to
a recent dietary intervention study providing salmon to expecting mothers (intakes of
total n-3 FA were 1.0 g/day and EPA + DHA 370 mg/day more in the salmon versus the
control group) (Miles et al., 2011). There seems to be a dose-related response between
administered n-3 FA amounts and the change in respective FA in blood (Harris et al.,
1983; Brown et al., 1990) and intervention studies using n-3 LC-PUFA supplements
to the mother during pregnancy and lactation have verified the delivery to the infant
(Jensen et al., 2000; Helland et al., 2006; Krauss-Etschmann et al., 2007). Moreover, as
FA are transferred to the fetus via placenta, biomagnification of especially n-3 LC-PUFA
(selective transportation of placenta) (Larqué et al., 2003) might equalize differences
between different maternal dietary intakes and thus between study groups.
At 1 month of age, there were no differences in FA status between those children whose
breastfeeding mothers received and those who did not receive dietary counseling. These
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results are in line with previous findings that there were no differences in maternal plasma
FA at 1 month postpartum (Hautero et al., 2013). Simultaneously, maternal and infant
serum FA were demonstrated to be highly correlated. Therefore, these results support
the idea that the magnitude of changes in maternal diet and thus in the breast milk are
insufficient to induce FA status modification of the infant at group level during the postnatal period.
Generally, the capacity of adults to convert ALA to longer-chain derivatives is limited.
Increased consumption of ALA results in increases in blood EPA concentrations
while the conversion to DHA seems to be restricted (Burdge & Calder, 2005; Brenna
et al., 2009). However, there is some data indicating significant gender differences in
conversion capacity, and the rationale for this study was based on the increased capacity
of pregnant women to convert ALA to EPA and DHA (Burdge & Wootton, 2002;
Pawlosky et al., 2003). Therefore a strategy of ensuring a continuous supply of PUFA
from the diet, through provision of rapeseed oil-based food products and taking notice
of the diet as a whole was considered sensible. In pregnant and breastfeeding women
there are physiological changes in metabolism, which have to be taken in consideration
whilst interpreting the results. Firstly, the metabolic demand of FA is increased and FA is
utilized differently (Sala-Vila et al., 2008). Secondly, nearly all the women participating
in this study were highly educated and all were well nourished. Therefore, achieving
significant changes in FA composition by regular diet might be challenging, as it may be
presumed that the women already present with relatively high proportions of unsaturated
fatty acids in the diet or in the body. FA metabolism is hypothesized to differ between
atopic and non-atopic individuals, but no consistent differences has been reported in cord
blood fatty acids between infants of allergic compared to non-allergic mothers (Sala-Vila
et al., 2008). The quality of breast milk that allergic mothers provide their infants might
be different from non-atopic mothers, although evidence is very inconsistent (Sala-Vila
et al., 2008). However, eighty percent of the mothers in both groups had an allergic
disease, thus any difference or lack of it between the groups due to maternal allergic
disease is unlikely.

6.2.

Nutrition to prevent allergic diseases

Historically, nutrition was considered a source of energy and growth, and its importance
for health was appreciated centuries ago: “Let thy food be thy medicine and thy medicine
be thy food” was the famous quote by Hippocrates. Hints about the significance of a
balanced diet were obtained from the first scientific experiment with sailors in the 18th
century, when scurvy could be prevented by adding limes to their diet (Carpenter, 2003).
Later on, physicians learned how to adapt diet in association of specific conditions like
diabetes mellitus and to use specific dietary preparations in treatment of diseases: e.g.,
hydrolyzed formulae in cow’s milk allergy. The next step is to use and modify our daily
diet to promote health and prevent diseases, Figure 8. Thus, the dietary prevention of
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allergic diseases is an area of intense research and debate and data about specific nutrients
with benefit in allergic diseases is accumulating.

Increasing scien fic knowlegde

FOOD
to meet metabolic requirements and needs for growth and
development
Basic diet
BALANCED DIET
to reduce the risk of nutri on related chronic diseases
Balanced diet
DIETARY MANAGEMENT
of specific diseases  ordinary foods (e.g. diabetes mellitus)
Specific diet
DIETARY MANAGEMENT
of specific diseases  clinical dietary products (e.g. hydrolyzed
formulae for cow’s milk allergy)
Future
DIETARY MANAGEMENT AND RISK REDUCTION OF DISEASES
diet with added or modified nutrients and compounds

Figure 8. The use of diet to promote health (modified from Laiho & Isolauri, 2004).

6.2.1. Probiotic supplementation (III)
Dietary counseling with probiotics or with placebo did not affect a child’s risk for atopic
diseases. The result of the probiotic supplementation remained disappointing compared
to previous studies. No effect on allergic outcomes was observed at group level. A
previous subgroup analysis of the same study found that probiotic supplementation
reduced the risk of atopic eczema in those infants, whose mothers were sensitized in
prick testing (Huurre et al., 2008). Similarly, a recent study by Rautava et al. (Rautava et
al., 2012b) reported a reduced risk of eczema in infants of allergic prick-positive mothers
with combined pre- and postnatal maternal use of probiotics, albeit with different strains
(similar effects of both Lactobacillus rhamnosus LPR and Bifidobacterium longum
BL999 or L. paracasei ST11 and B. longum BL999). Countervailing evidence was
reported from a recent study from Taiwan (Ou et al., 2012), where supplementation
with LGG in IgE-sensitized mothers had no effect, but this study was hampered by
methodological issues, as outcomes were assessed with a parental questionnaire alone
without any clinical judgment of eczema. Therefore, a specific protective effect on
children of IgE-sensitized mothers may be hypothesized, but remains to be confirmed.
On the basis of previously published trials (Table 3, page 27), Lactobacillus rhamnosus
strains may confer the best protection of eczema when intervention is started prenatally and
continued postnatally. Of those trials using combined pre-and postnatal supplementation,
eight reported interventions were effective in reducing the risk of eczema and/or atopic
eczema (Kalliomäki et al., 2001; Abrahamsson et al., 2007; Kukkonen et al., 2007;
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Wickens et al., 2008; Niers et al., 2009; Dotterud et al., 2010; Kim et al., 2010; Rautava
et al., 2012b), albeit two studies reported no effect (Kopp et al., 2008; Ou et al., 2012).
Those studies with prenatal maternal supplementation alone (Boyle et al., 2011) or only
postnatal intervention directly to infants reported no effects (Rautava et al., 2006; Taylor
et al., 2007; Soh et al., 2009) with one exception (West et al., 2009). As follow-up
beyond two years of age is reported in only two studies thus far (Kalliomäki et al., 2007;
Kuitunen et al., 2009), it remains to be seen whether the preventive effect is long-term or
just shifts the age when atopic eczema commences forward. Nonetheless, it is premature
to give recommendations for routine use of probiotics, as the published trials vary in
probiotic strains, mode, quantity and timing of administration, time of follow-up and
target populations.
6.2.2. Diet in pregnancy (III)
Significant dietary differences during pregnancy at group level were seen as lower
intakes of SFA and butter and higher intakes of PUFA, fiber, folate, vitamins C and E,
vegetables, fruits and berries and margarine in the counseling groups versus the control
group. During breastfeeding, lower intakes of SFA and butter and higher intakes of
PUFA, MUFA, vitamin E, vegetables, fruits and berries, margarine and vegetable oil
were evident in the counseling groups versus the control group. Nearly all of the abovementioned nutrients or food are associated with the risk of atopic diseases in previous
epidemiological studies. It may be, that these subtle changes in the daily diet require a
larger population to show an effect on clinical outcomes at group level, or respectively
the changes would have to be far greater in a study population of this size.
Numerous observational studies report the associations of maternal diet during pregnancy
to the development of allergic diseases in the next generation, but the results generally are
inconsistent and conflicting. The most consistent finding is a decreased risk of allergies
with increasing maternal consumption of (oily) fish (Fitzsimon et al., 2007; Romieu
et al., 2007b; Sausenthaler et al., 2007; Willers et al., 2007; Kremmyda et al., 2011),
which is in contrast with the results of this study, as the consumption of oily fish did
not have any associations with allergic outcomes. Oily fish is known to provide plenty
of n-3 PUFA (e.g., salmon: 2.3-2.8 g/100g) (THL, 2014b), which is hypothesized to lie
behind the observed effects, but fatty acid intakes in this study had no effect on allergy
risk. However, due to methodological limitations, the intakes of n-3 and n-6 PUFA could
not be accurately separated and thus their individual effects could not be parceled out.
Moreover, between the study groups, the intakes of fish and oily fish were comparable.
Maternal consumption of vegetables was associated with atopic eczema in univariate
analyses, but not in the final multivariate model. However, a fairly constant protective
effect of total and individual fruits and vegetables is demonstrated in previous prospective
birth cohort studies (Nurmatov et al., 2011). Conversely, a greater risk of allergies exists
with an increased maternal consumption of fat spreads (Fitzsimon et al., 2007), vegetable

Discussion

55

oils, citrus fruits (Sausenthaler et al., 2007), meat (Saito et al., 2010) and nuts (Willers
et al., 2008), none of which came up significant in this study.
A novel finding of opposing effects of milk and cheese on atopic eczema was discovered,
although previously maternal intakes of total dairy products, milk and cheese relate with
protective effects on wheeze, asthma and allergic rhinitis during pregnancy (Miyake et
al., 2010b; Bunyavanich et al., 2014), on sensitization during lactation (Nwaru et al.,
2011) and with other clinical endpoints (Larsson et al., 2012). Further, the consumption
of farm milk associates with a reduced risk of asthma, atopy and hay fever in many
previous studies (Loss et al., 2011; von Mutius, 2012), but this association is hypothesized
to be related with increased bacterial counts in unpasteurized milk. Milk contains
immunomodulatory factors, e.g., bioactive peptides, which are gaining interest in many
inflammatory conditions (Agyei & Danquah, 2012). There is increasing literature that
bovine whey proteins might act against excessive inflammation, but the mechanisms
behind these actions are poorly understood (Puddu et al., 2009; Rusu et al., 2009; 2010).
Milk processing influences the immunomodulatory properties and bioavailability of
bioactive peptides, as heating affects more whey proteins than heat stable caseins (Loss
et al., 2011). Interestingly, cheese contains mainly casein whereas other milk products
contain all milk proteins, as whey is separated in cheese production. Most store bought
milk is pasteurized, but in Finland, it is not customary to high heat-treat other than lowlactose milk, unlike in several European countries (Elliott, 2007; Lacroix et al., 2008).
Therefore, it may be hypothesized that whey proteins in milk might still be bioactive, but
this remains elucidated and requires further studies to justify the present observation of
reduced risk of atopic eczema with increased milk consumption.
A further puzzle is the observation that the medium category of cheese and milk
consumption was significantly related to the end-points, but the highest category was not,
although the trend was parallel to that of the medium category. Usually, it is common to
expect that biological effects are dose-dependent, and therefore one would anticipate also
a significant association of the highest category. However, animal studies demonstrate
that biological associations are not always simple and linear, as selenium diets in mice
led to most florid allergic inflammatory responses at medium intakes (Hoffmann et al.,
2007). This finding might be one explanatory factor for inconsistencies in human dietary
studies.
None of the studied nutrients remained significant in final models, but a recent systematic
review and meta-analysis investigating the associations of maternal diet during pregnancy
and child allergic manifestations (Nurmatov et al., 2011) summarized that most uniform
evidence amongst specific nutrients across observational studies is reported for vitamins
A, D, E and zinc. Inconsistent findings exist for vitamin C and selenium (Nurmatov et
al., 2011). An increased risk of allergies with folic acid supplementation is reported in
two studies (Håberg et al., 2009; Whitrow et al., 2009). Animal studies with antioxidant
supplementation before allergic sensitization, suggest that antioxidants may have
potential to reduce the risk of developing allergic disease (Zheng et al., 1999; Okamoto
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et al., 2006). To date, randomized controlled trials studying the effects of foods or
specific nutrients other than fatty acids during pregnancy on child allergic manifestations
have not been published. Only one study regarding vitamin C and E supplementation
during pregnancy with allergic diseases as a secondary outcome exists with no effect
(Greenough et al., 2010). Vitamin supplementation studies are hampered by possible
risks, as a meta-analysis of randomized controlled trials in adults observed an increased
mortality, especially in studies of β-carotene and vitamin E, but again not for vitamin C
or selenium (Bjelakovic et al., 2007). Therefore, modification of diet rather than highdose vitamin supplementation would seem to be a safer approach, especially when it
comes to a vulnerable population like pregnant women.
Diet, however, is a complex mixture where the increase of one nutrient results in relative
decrease of another. These interactions are beyond the present knowledge and might have
unpredictable outcomes. One approach to the problem of these complex interactions
resides in the evaluation of different dietary patterns – covering the diet as whole instead
of dealing with individual nutrients and foods. Some interesting results exist: maternal
Mediterranean dietary pattern associates with reduced risk of wheeze and sensitization
in the offspring (Chatzi et al., 2008) and a “Western pattern” was inversely associated
with risk of wheeze (Miyake et al., 2011). This notwithstanding, several studies have
found no associations with Mediterranean diet, the Alternate Healthy Eating Index,
“Western”, “Prudent”, “Health conscious”, “Traditional”, “Processed”, “Vegetarian”
and “Confectionery” patterns during pregnancy and offspring allergic diseases (de Batlle
et al., 2008; Shaheen et al., 2009; Lange et al., 2010).
To conclude, this contradictory evidence emphasizes the complexity of dietary research
and constitutes a reminder that we are far from understanding nutrient interactions with
the immune system. The findings of this study require repetition in future studies to
justify any further conclusions.
6.2.3. Diet during breastfeeding
Studies investigating maternal dietary intakes during lactation are scarce, as most studies
have concentrated on examining the duration of breastfeeding and dietary avoidance of
potentially allergenic foods during lactation with limited and conflicting data (Friedman
& Zeiger, 2005; Oddy, 2009). Only few observational prospective studies on dietary
intakes during lactation exist. Observational studies identifying the effects of postnatal
dietary exposures are frequently “set back” by several conflicting factors – the effects of
the length of breastfeeding, the quality of breast milk and the timing of introduction of
different complementary feeding are very difficult, if not impossible, to separate from
each other. Further, it is not ethically acceptable to perform randomized studies with a
non-breastfeeding arm. Therefore, data is largely inconsistent and difficult to compare.
The observed association of higher vitamin C intake (over 140 mg/day) during
breastfeeding and increased risk of asthma in this study is in agreement with a previous
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study, where maternal intake of vitamin C [mean intake 171 (SD 142) mg/day] during
lactation increased the risk of sensitization to cat allergen (Nwaru et al., 2011).
These intakes exceed the recommended intake of 100 mg/day during breastfeeding,
although maximum intake still considered safe is set as high as 1000 mg/day (THL,
2014c). Further, here the association of increased total intakes of fruits and berries was
associated positively with asthma in univariate analyses, but not in the final model,
however this may suggest that the association of vitamin C is plausible. On the other
hand, vitamin C concentration from breast milk is reported to be inversely associated
with atopic sensitization (Hoppu et al., 2005b). Studies concentrating on antioxidant
intakes during lactation and child allergic outcomes are lacking, thus these observations
need confirmation from larger studies. Reports investigating vitamin C intakes during
pregnancy have yielded conflicting results, with a systematic review concluding
unsupportive evidence for preventive effects (Nurmatov et al., 2011).
Maternal intake of egg during lactation was associated with a reduced risk of atopic
eczema. This result contrasts that of Nwaru et al. (Nwaru et al., 2011), who reported
that maternal intake of egg during breastfeeding increased the risk of sensitization to cat
allergen, but not to other allergens studied. Again, studies evaluating dietary intakes during
lactation are lacking, as previous literature has concentrated primarily on investigating
elimination diets targeting allergenic foods, such as eggs, seafood and cow’s milk. Most
studies show that these diets are not useful in preventing allergic diseases (Kramer &
Kakuma, 2003), although two studies reported protective effects on eczema (Businco et
al., 1983; Lovegrove et al., 1994). Interestingly, a proportion of infants already manifest
with clinical reactivity before first exposure, thus sensitization has occurred much earlier
(Palmer & Prescott, 2012). Food allergens are secreted in breast milk and represent an
important potential source of early exposure (Palmer et al., 2005; Vance et al., 2005) and
thus might promote tolerance in newborn (Mosconi et al., 2010).
Maternal fat consumption did not come up significant in this study, although associations
are reported in previous studies. Nwaru et al. reported that higher maternal consumption
of butter and saturated fatty acids were associated with an increased risk, while
margarine was associated with a decreased risk of sensitization to wheat allergen, but
not to other tested food or inhalant allergens (Nwaru et al., 2011). These results are in
line with another study, where higher maternal intakes of saturated fat during lactation
were associated with increased risk of atopic sensitization (Hoppu et al., 2000). In the
same study by Nwaru et al., consumption of potatoes, milk products, margarine and
low-fat spreads were associated with decreased risk of birch allergic sensitization. Two
additional Finnish studies examined dietary fat consumption during breastfeeding.
Hoppu et al. reported an inverse association of maternal n-3 PUFA intakes with risk
of atopic dermatitis (Hoppu et al., 2005a), while Lumia et al. found no association of
any fatty acid consumption with asthma, reporting instead an increase in asthma with
higher maternal consumption of margarines (Lumia et al., 2012). The association of fatty
acid supplementation during breastfeeding to atopic diseases is of interest, but a recent
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review on the matter concluded no effect on asthma, food allergy, or atopy (Klemens et
al., 2011).
In summary, data to date is scarce and thus limits any definite conclusions that can be
made about the effects of maternal diet during breastfeeding on child risk of allergy. The
findings of this thesis are intriguing and find some support from previous studies, thus
further studies with focus on diet during breastfeeding could give an answer to these
questions.
6.2.4. Introduction of complementary feeding (IV)
In the present study, no association of timing of complementary feeding introduction
was found with atopic eczema, when adjusted for parental perception of child symptoms.
This result is in concordance with the current perspective that early complementary
feeding does not necessarily promote allergy, but controversy and debate on the subject
still remains active among experts (Cattaneo et al., 2011; Palmer & Prescott, 2012).
Early cohort studies, in the 80’s and 90’s, reported an increased risk of eczema and
asthma in children whom were introduced to complementary feeding very early (under
three months of age) (Fergusson et al., 1982; Kajosaari & Saarinen, 1983; Zeiger et
al., 1989; Fergusson et al., 1990). Therefore, expert opinions recommended postponing
weaning especially in high-risk infants until 6 months and delaying certain foods even
later (Høst et al., 1999; American Academy of Pediatrics, 2000; Zeiger, 2003). In 2001,
the WHO revised their recommendation for exclusive breastfeeding from 4 months of
age to 6 months of age for all infants, although this recommendation was not aimed
at allergy prevention (WHO, 2001). Thus, as a consequence delayed introduction of
complementary feeding beyond 6 months of age was recommended globally. A further
debate stems around the introduction of special “allergenic foods”, such as cow’s milk,
eggs, nuts, and seafood. Most studies investigating elimination diets have done so in
combination with other allergy prevention strategies (Zeiger et al., 1989; Arshad et al.,
1992; Bardare et al., 1993; Marini et al., 1996; Exl et al., 2000; Chan-Yeung et al.,
2005), thus the sole effect of elimination is not clear. However, in the 21st century, a series
of publications reporting potential increases in allergy after delaying complementary
feeding and avoiding specific food allergens emerged and raised concerns of increasing
immune dysregulation (Høst et al., 2008; Prescott et al., 2008).
Early introduction is hypothesized to result in allergic sensitization, as the mucosal
barrier of the infant is still immature with increased permeability and therefore early
exposures could promote allergy (Halken & Høst, 1996; Bailey et al., 2005; Grimshaw
et al., 2013) thus justificating delayed introduction. However, evidence to support this
beyond 4 months of age is very limited. Evidence from animal studies demonstrate that
oral tolerance induction is actually an active process, driven by early regular exposure
to antigens (food proteins) (Lack, 2007). Moreover, a study investigating children with
an immature gastrointestinal tract found no increased risk of food allergies (Liem et al.,
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2007). In accordance, several cohort studies report either no benefit (Zutavern et al., 2006;
Chuang et al., 2011; Joseph et al., 2011) or increased incidences of eczema (Zutavern et
al., 2004; Kull et al., 2006; Filipiak et al., 2007; Snijders et al., 2008; Alm et al., 2009;
Hesselmar et al., 2010), asthma (Kull et al., 2006; Virtanen et al., 2010), allergic rhinitis
(Kull et al., 2006; Virtanen et al., 2010) and sensitization (Kull et al., 2006; Snijders et al.,
2008; Nwaru et al., 2010) after delayed introduction of complementary feeding. Based on
these new observations most expert panels have revised their recommendations (Table
1, page 20), with most suggesting that complementary feeding should be introduced at
4-6 months of age, including allergenic foods, also in high risk infants.
Whilst our results support that no increased risk of allergy is observed with early
introduction of complementary feeding, we neither found any association with delayed
introduction and allergy after adjusting with parental opinion of child allergy. An
important limitation of observational studies is “reverse causality”, that is, when families
with a history of allergy postpone complementary feeding deliberately. Many early
studies have not considered this issue, but most recent studies have considered reverse
causality into account by adjusting for family history of allergy (Kull et al., 2006;
Zutavern et al., 2006; Hesselmar et al., 2010; Koplin et al., 2010; Nwaru et al., 2010;
Virtanen et al., 2010; Joseph et al., 2011) or infants with early allergic symptoms (Kull
et al., 2006; Zutavern et al., 2006; Snijders et al., 2008; Hesselmar et al., 2010; Koplin
et al., 2010; Virtanen et al., 2010; Chuang et al., 2011). Our study population consisted
merely of families with a history of allergy, and in addition of physician diagnosed
allergy, we recorded parental opinion, as parents are known to suspect allergies more
than can be diagnosed objectively (Eggesbø et al., 2001). Transient adverse reactions to
foods are observed in 20 to 35% of infants, manifesting as excessive crying, skin and
gastrointestinal symptoms, which however, are not reproducible in double-blind food
challenges (Eggesbø et al., 1999; Eggesbø et al., 2001). These reactions cannot be thus
considered as true allergic symptoms, but they may lead parents to unnecessary delaying
of complementary feeding or self-prescribed elimination diets and cause reverse causality.
Moreover, unnecessary elimination diets are a risk for PUFA deficiency, especially for
n-3 PUFAs (Aldámiz-Echevarría et al., 2008). To conclude, as parental opinion proved
to be a significant factor outweighing the feeding pattern, this must be acknowledged
in future observational studies. However, prospective randomized controlled trials are
needed to truly eliminate reverse causation. So far, not a single study exists exploring
this issue, but many are on the way assessing both normal and high-risk populations
(Palmer & Prescott, 2012) and the results are anticipated.

6.3.

Methodological aspects

This prospective randomized controlled trial was aimed to investigate whether maternal
dietary counseling during pregnancy and breastfeeding is able to modify child risk of
atopic diseases. Further, we were able to evaluate if combining probiotic supplementation
with dietary counseling has any additional advantage. Moreover, due to prospective
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continuous recording of maternal diet from early pregnancy onwards, we could dissect
the impacts of specific dietary components on risk of childhood atopic diseases.
The dietary intakes were assessed repeatedly with prospective 3-day food diaries,
using household measures from early pregnancy onwards, therefore covering the timewindow considered important in the development of allergies. In previous studies, the
food diaries were collected at random time points during pregnancy, usually in the
third trimester, or studies have used retrospective reminiscence with food-frequency
questionnaires. The 3-day recording method is regarded as the most accurate compared
to other methods and is considered long enough to allow evaluation of individual intakes
of energy and macronutrients on a group level (Willett, 1998). Some under-reporting
exists (Scagliusi et al., 2003), especially in overweight or obese individuals (Pietiläinen
et al., 2010) and pregnant women (McGowan & McAuliffe, 2012), but the latter applies
to the whole study population. The nutrient intakes were calculated with the MicroNutrica computer program and therefore for example n-3 and n-6 FA intakes could not
be reliably calculated as this information was often missing from the used database.
The dietary recommendations have recently been updated, the new Nordic Nutrition
Recommendations were published in 2012 (NNR, 2012) and Finnish recommendations
in 2014 (Fogelholm et al., 2014). The recommended upper limit for the intake of total
fat is now higher (range 25-40 E%, compared to earlier 25-35 E%), the lower limit for
the intake of carbohydrates lower (45-60 E% compared to 50-60 E%) and the upper limit
for intake of MUFA higher (10-20 E% compared to 10-15 E%). The recommendations
for PUFA quality and intakes have remained the same and the ranges for recommended
intakes are in line with previous recommendations, thus it is likely that the results of
this study would not change even if this study had been conducted with these new
recommendations.
The participants in the fatty acid analysis (studies I and II) were included in consecutive
order of recruitment, thus selection bias in this subpopulation is unlikely. The number
of participants was determined on the basis of earlier studies and therefore considered
sufficient (Velzing-Aarts et al., 2001; Dunstan et al., 2004). As a limitation, some blood
samples were missing because repeated blood sampling of small infants was considered
unethical (attempts restricted to two times) and thus the sample size remained smaller
than anticipated. As a further constraint, the analysis of few specific fatty acids was
particularly challenging due to very low concentrations, thus especially ETA and DHA
were eluted with impurities and had contaminated separation in gas chromatography,
however this represents a systematic error and does not affect group differences.
We have reported fatty acid composition as both percentages of total fatty acids and
concentrations, both of which are rarely reported in literature and this lack of data is
considered a problem in many fatty acid studies (Baylin & Campos, 2006). The use of
serum FA as biomarkers for FA status is still considered an up-to-date method, although
the use of erythrocyte membrane lipids might offer an indication for a longer time-period
and thus be a useful tool to consider in future studies (Serra-Majem et al., 2012).
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Our study population was homogenous and consisted exclusively of children with an
increased risk for allergy, therefore representing a population who would most benefit
from novel ways of prevention. We used traditional definitions in diagnostics, separating
non-atopic eczema from atopic eczema, thus following the recommendations of
Nomenclature Review Committee of the World Allergy Organization (Johansson et al.,
2004). In view of the hypothesis that non-atopic and atopic eczema are a continuum,
it would have been justified to also combine these forms for analyses. However, the
effect of the intervention remained non-significant when atopic and non-atopic eczema
were considered together (Table 11, page 47). Hence it remains to be seen whether
different prevention strategies should be applied for atopic and non-atopic disease. In
many previous studies, these definitions are used inaccurately, making the comparison
of results across studies difficult.
In this study, all allergic manifestations were diagnosed by a doctor, unlike in many
epidemiological approaches in which a questionnaire is used to diagnose atopic diseases.
Although 80 percent of all the mothers in this study self-reported an allergic disease,
only 58 percent were skin prick positive. As maternal atopic status might work as an
effect modifier, this may have an impact on the results. The number of study participants
perhaps was too small for the secondary analyses and the number of end-points was
lower than expected based on our previous studies in high-risk families. Together with
a relatively high dropout rate during the 4 year follow–up, these factors represent the
main weaknesses of this study and limit the interpretation and generalizability of the
results. However, the numbers of discontinuing women and children and the reasons for
discontinuation in the study groups were comparable.

6.4.

Considerations regarding the present results and future studies

One of the most important considerations for future studies is to retain clear definitions
of allergic outcomes to allow comparison between studies. Eczema, atopic eczema and
atopic dermatitis are being used haphazardly in current literature, but it should be clearly
indicated whether these definitions denote IgE-positive or negative forms of disease,
or both. Secondly, many studies have used vague terminology and diagnostic methods
in collecting data about allergic diseases. The use of plain parental questionnaires
without clinical data for diagnosis is not recommended due to parental bias. Further, the
associations with mere sensitization in some studies (either positive skin prick test or
elevated serum IgE) is questionable; sensitization to an allergen does not denote clinical
allergic disease (Sicherer et al., 2012). In summary, allergic diseases should always be
diagnosed by a competent physician with up-to-date methods and clear terminology.
Studies investigating perinatal maternal dietary intakes are fraught with several
methodological and practical difficulties, which should be carefully addressed in the
future. Our approach was a prospective repeated assessment of the maternal diet at each
trimester of pregnancy, as the exact time window when the maternal dietary intake would
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have the most influence on the development of allergies is not known. Previous studies
have used random time-points and the results are therefore difficult to compare. Further,
retrospective collection of dietary data used in many studies is subject to recall bias.
However, as we combined these three time points for a mean estimate of dietary intakes
during pregnancy in statistical analyses, we might have on the other hand overlooked
short periods when a specific nutrient would exert effect on the infants’ developing
immune system. Therefore, in the future it would be interesting if well-powered studies
would consider collecting and analyzing dietary data at separate stages of pregnancy.
Although maternal diet during pregnancy is a popular subject on observational studies,
those investigating maternal diet during lactation are clearly under-represented in current
literature. It may be well presumed that the effect of maternal diet on child risk of allergy
differs during pregnancy and lactation, as the physiology of nutritional influx to the
child is completely different through placenta or breast milk. Therefore, a more intense
effort should be addressed trying to separate these periods. In this context, however,
it is important to acknowledge periods of exclusive and total breastfeeding, which
are not clearly stated in all studies. There is some evidence showing that continued
breastfeeding during introduction of complementary feeding could promote tolerance
induction, however this evidence is limited (Agostoni et al., 2008; Grimshaw et al.,
2013). In the present study, there was no effect of total breastfeeding under or over six
months of age (III and IV), but a significant constraint was met, as exact data on whether
the infant was breastfed at the time of complementary feeding introduction was not
available in all cases. In addition, the comparatively high proportion of breastfed infants
and duration total breastfeeding could mask the possible protective effects. Thus, future
studies should aim to collect precise data on breastfeeding while introducing new foods
to the infant.
Until recently, there has not been any recommendation on which background factors
should be considered when adjusting the results in statistical analyses for maternal diet.
Nurmatov et al. published a very thorough examination on the subject in 2012, suggesting
primary and secondary confounders (maternal characteristics, birth measurements,
socioeconomic characteristics and environmental exposures) that should be considered
in future observational studies (Nurmatov et al., 2012). As the present study was
commenced already over decade ago, all suggested confounding information was not
available, and due to the relatively low number of subjects and end-points, the number
of confounding variables had to be restricted to allow sufficient power in the statistical
analyses. However, the study population was homogenous due to a stringent inclusion
and exclusion criteria of this prospective randomized controlled study. Nevertheless,
the emphasis in the future should be on randomized and well-powered controlled trials,
which are the ultimate way to eliminate possible confounders.
The changing doctrine of introduction of complementary feeding requires attention
in subsequent observational study settings. In the present study (IV), the families’
adherence to continuously making notes of introduction of new foods was clearly poorer
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after 6 months of age. Prior to that age, introductions were mostly recorded meticulously
by exact dates, but thereafter, the accuracy was often by a month’s precision, thereby
restricting the potential to evaluate whether the child was still breastfed at the same time.
Therefore, it should be stressed to the parents how important precision is and to encourage
the families to maintain a diary, as keeping the diary is tedious in the long run and lapses
are understandable. Moreover, clear terminology is important: the term complementary
feeding is not used similarly in all studies. The WHO defines complementary feeding
as any non-breast milk foods or liquids (WHO, 1991), whereas for example ESPGHAN
allows formula feeding (Agostoni et al., 2008). We used the definition by the WHO,
because infant formulae contain cow’s milk protein, one of the most important allergens.
Finally, parental opinion on whether their child might have symptoms of allergic origin
or not turned out to be a significant factor outweighing the feeding pattern. Therefore, it
may be suggested that this should be taken into account in future studies in addition of
family history of allergy in order to minimize reverse causation.
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7.

Summary and Conclusions

SUMMARY AND CONCLUSIONS

This study aimed to evaluate the prospects of dietary counseling, which complied with
current dietary recommendations in tandem with probiotic intervention to affect child
risk of atopic diseases. Dietary counseling achieved significant changes in maternal diet
during pregnancy and lactation, and was reflected to some extent in infant cord blood
fatty acids. These changes confirm the delivery of dietary changes to the child, indicating
a better essential fatty acid status in infants in the counseling group. Data from previous
literature suggest that modification of infant fatty acids might have clinical relevance
to future allergy risk. However, as no differences in allergic outcomes were observed
at group level and differences in infant fatty acid status did not exist at 1 month of
age, these results suggest that more potent interventions might be necessitated to induce
reduction in allergy risk.
Furthermore, the results of the present study demonstrate interesting associations between
maternal diet and child risk of allergic diseases. A novel finding of opposing effects of
milk and cheese on atopic eczema during pregnancy was revealed. In addition, higher
intakes of vitamin C during lactation increased the risk of asthma, but higher intakes of
egg decreased the risk of atopic eczema. These observations together with earlier data
suggest that maternal diet during pregnancy and lactation is an intriguing way to target
child risk of allergy, but the mechanisms and the specific active factors in the diet are
far from understood. It is likely that any association of the diet with allergic diseases is
related to a number of other dietary and environmental factors, microbiota, and genetic
susceptibility. Interactions between nutrients and the developing immune system are
likely to be complex, thus a single answer is unlikely to be discovered. Future studies
combining individual nutrients, foods and dietary patterns might be useful. Moreover,
the present findings support the notion that maternal diet might exert differential effects
during pregnancy and lactation, but the confirmation of this hypothesis calls for welldesigned intervention studies.
Finally, the timing of introduction of complementary feeding was not found to be
associated with child risk of atopic eczema when adjusted to parental opinion of child
allergy. This finding indicates that parental opinion is a significant contributing factor,
which should be taken into account in further studies as it might cause reverse causation
and unnecessary elimination diets. The optimal window of introducing complementary
feeding is not clear, but it seems that a safe period for introduction is between 4 and 7
months of life and that there is no advantage of delaying complementary feeding beyond
this to prevent allergy in high-risk infants (Prescott et al., 2008).
In conclusion, while any dietary recommendations cannot be given based on this study,
high-risk families can safely adhere to current dietary recommendations for pregnant
and lactating women. Public health care systems should continue their work to promote
awareness in preventing unnecessary elimination diets. Advice on healthy diet during
pregnancy and lactation should be offered actively in prenatal clinics. While the benefit of
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probiotic supplementation could not be confirmed in the present study, current literature
indicates that they may provide protection against eczema and atopic eczema in highrisk infants when supplementation is started prenatally and continued during lactation.
In addition, complementary feeding may be introduced between 4 and 7 months of age
and no additional benefit is gained with delaying introduction beyond this period.

66

Acknowledgements

ACKNOWLEDGEMENTS
The work for this thesis was carried out at the Department of Pediatric and Adolescent
Medicine, Institute of Clinical Medicine and the Functional Foods Forum, University of
Turku and Turku University Hospital, during the years 2008-2014.
I owe my sincerest gratitude to my supervisors, Docent Kirsi Laitinen and Professor
Erika Isolauri. I warmly thank Kirsi for all her continuous guidance, expertise and
support during my PhD studies. I wish to express my appreciation to Erika for her vast
knowledge in pediatric research, skills in scientific writing and giving me this opportunity
to study in the NAMI (Nutrition, Allergy, Mucosal Immunology) research group.
I wish to thank Professor Jussi Mertsola, Head of the Department of Pediatric and
Adolescent Medicine, and Professor Seppo Salminen, Head of the Functional Foods
Forum for providing the facilities for this study.
Docent Anna Pelkonen and Docent Riitta Freese are gratefully acknowledged for their
excellent and constructive review of the thesis. Their comments contributed greatly to
the quality of the work.
I wish to express my thanks to all of my coauthors for their valuable contribution. Docent
Merja Nermes is thanked for her guidance in the field of pediatric allergology. I thank
Päivi Laakso and Docent Kaisa Linderborg for their contribution and knowledge in
analysing fatty acid samples. I want to express my gratitude to Tuija Poussa and Jaakko
Matomäki for performing the statistical analyses and providing statistical consultation
when needed. I also warmly thank Robert Badeau for grammatical review of the thesis.
Furthermore, my steering group members, Docent Ulla Hoppu and Docent Taina Arvola,
are sincerely thanked for their advice and interest in my thesis work.
My heartfelt thanks goes to research nurses Ulla-Maija Eriksson, Johanna HvitfeltKoskelainen and Sari Laksio for their help, compassion and enjoyable collaboration
during the study years.
I also express my gratitude to Jonna Aaltonen for sharing work-office and many
enjoyable moments together during these years, and Johanna Jaakkola for her advice and
encouragement. Raakel Luoto and Anu Huurre are thanked for the clinical evaluation of
the children and providing support and consultation also in Satakunta Central Hospital.
I wish to acknowledge all other members of the NAMI research group for creating a
supportive working environment.
I am grateful to Professor Satu Jääskeläinen and associate chief physician Irina Virtanen
for kindly organizing leaves of absence to finish my thesis work. The whole Department
of Clinical Neurophysiology is thanked for providing such a friendly and inspiring daily
working environment.

Acknowledgements

67

I am truly fortunate to have so many wonderful friends to share the ups and downs of life
with. Especially Anna Pärtty and Laura Toivonen are thanked for providing the best PhD
student support group ever. Kristiina Sirola, Suvi Saikkonen and Katariina Tamminen,
thank you for your invaluable company from the very start of our medical studies. Emma
Hannula, thank you for being my friend despite the geographical distance between us.
Elina Ojala, thank you for offering your linguistical expertise whenever I have needed it.
All my other friends, I am thankful to have you in my life.
I thank my parents-in-law, Virpi and Pekka Joutsa, and my sister-in-laws Elli Holopainen
and Iina Joutsa for countless enjoyable moments together and for taking me into your
wonderful family.
I owe my deepest gratitude to my parents, Erja and Jorma Niinivirta for their lifelong
support and endless love and care. I cannot tell how grateful I am to have always been
able to count on you when needed. Without you I would not be where I am.
Words are not enough to express my feelings for my beloved husband, Juho. Without
you, my thesis would have never been completed. No matter how busy you have been,
you have always had time to help me. You have always believed in me and stood beside
me. You are the best husband and father-to-be I could ever dream of. I am truly fortunate
and deeply grateful to have you in my life.
This study was financially supported by the Sigrid Juselius Foundation, the Foundation
for Pediatric Research, EVO funding from the Hospital Districts of Southwest Finland and
Satakunta, the Turku University Foundation, the Maud Kuistila Memorial Foundation,
the Allergy Research Foundation of Helsinki, the Allergy Research Foundation of
Southwest Finland, the Finnish Medical Foundation and the National Graduate School
of Clinical Investigation. Food products were donated by Raisio plc (Raisio, Finland), L.
rhamnosus GG by Valio ltd (Helsinki, Finland) and B. lactis by Chr. Hansen (Hoersholm,
Denmark).

Turku, April 2014

Katri Niinivirta-Joutsa

68

References

REFERENCES
Abrahamsson, T.R., Jakobsson, H.E., Andersson, A.F.,
Björkstén, B., Engstrand, L. & Jenmalm, M.C.
(2012) Low diversity of the gut microbiota in infants
with atopic eczema. J Allergy Clin Immunol, 129,
434-440, 440.e431-432.
Abrahamsson, T.R., Jakobsson, T., Böttcher, M.F.,
Fredrikson, M., Jenmalm, M.C., Björkstén, B. &
Oldaeus, G. (2007) Probiotics in prevention of IgEassociated eczema: a double-blind, randomized,
placebo-controlled trial. J Allergy Clin Immunol,
119, 1174-1180.
Accordini, S., Janson, C., Svanes, C. & Jarvis, D.
(2012) The role of smoking in allergy and asthma:
lessons from the ECRHS. Curr Allergy Asthma Rep,
12, 185-191.
Adlerberth, I., Strachan, D.P., Matricardi, P.M., Ahrné,
S., Orfei, L., Aberg, N., Perkin, M.R., Tripodi, S.,
Hesselmar, B., Saalman, R., Coates, A.R., Bonanno,
C.L., Panetta, V. & Wold, A.E. (2007) Gut microbiota
and development of atopic eczema in 3 European
birth cohorts. J Allergy Clin Immunol, 120, 343-350.
Adlerberth, I. & Wold, A.E. (2009) Establishment of
the gut microbiota in Western infants. Acta Paediatr,
98, 229-238.
Agostoni, C., Decsi, T., Fewtrell, M., Goulet, O.,
Kolacek, S., Koletzko, B., Michaelsen, K.F.,
Moreno, L., Puntis, J., Rigo, J., Shamir, R.,
Szajewska, H., Turck, D., van Goudoever, J.
& ESPGHAN Committee on Nutrition. (2008)
Complementary feeding: a commentary by the
ESPGHAN Committee on Nutrition. J Pediatr
Gastroenterol Nutr, 46, 99-110.
Agyei, D. & Danquah, M.K. (2012) Rethinking foodderived bioactive peptides for antimicrobial and
immunomodulatory activities. Trends in Food
Science & Technology, 62-69.
Akinbami, L.J. & Schoendorf, K.C. (2002) Trends
in childhood asthma: prevalence, health care
utilization, and mortality. Pediatrics, 110, 315-322.
Aldámiz-Echevarría, L., Bilbao, A., Andrade, F., Elorz,
J., Prieto, J.A. & Rodríguez-Soriano, J. (2008) Fatty
acid deficiency profile in children with food allergy
managed with elimination diets. Acta Paediatr, 97,
1572-1576.
Allan, K., Kelly, F.J. & Devereux, G. (2010)
Antioxidants and allergic disease: a case of too little
or too much? Clin Exp Allergy, 40, 370-380.
Alm, B., Aberg, N., Erdes, L., Mollborg, P., Pettersson,
R., Norvenius, S.G., Goksor, E. & Wennergren, G.

(2009) Early introduction of fish decreases the risk
of eczema in infants. Arch Dis Child, 94, 11-15.
Almqvist, C., Worm, M., Leynaert, B. & working
group of GA2LEN WP 2.5 Gender. (2008) Impact
of gender on asthma in childhood and adolescence:
a GA2LEN review. Allergy, 63, 47-57.
American Academy of Pediatrics, Committee on
Nutrition. (2000) Hypoallergenic infant formulas.
Pediatrics, 106, 346-349.
Anandan, C., Nurmatov, U., van Schayck, O.C. &
Sheikh, A. (2010) Is the prevalence of asthma
declining? Systematic review of epidemiological
studies. Allergy, 65, 152-167.
Arshad, S.H., Matthews, S., Gant, C. & Hide, D.W.
(1992) Effect of allergen avoidance on development
of allergic disorders in infancy. Lancet, 339, 14931497.
Asher, M.I., Montefort, S., Björkstén, B., Lai, C.K.,
Strachan, D.P., Weiland, S.K., Williams, H. &
ISAAC Phase Three Study Group. (2006) Worldwide
time trends in the prevalence of symptoms of
asthma, allergic rhinoconjunctivitis, and eczema in
childhood: ISAAC Phases One and Three repeat
multicountry cross-sectional surveys. Lancet, 368,
733-743.
Azad, M.B., Coneys, J.G., Kozyrskyj, A.L., Field, C.J.,
Ramsey, C.D., Becker, A.B., Friesen, C., AbouSetta, A.M. & Zarychanski, R. (2013) Probiotic
supplementation during pregnancy or infancy for the
prevention of asthma and wheeze: systematic review
and meta-analysis. BMJ, 347, f6471.
Bailey, M., Haverson, K., Inman, C., Harris, C., Jones,
P., Corfield, G., Miller, B. & Stokes, C. (2005)
The influence of environment on development
of the mucosal immune system. Vet Immunol
Immunopathol, 108, 189-198.
Bardare, M., Vaccari, A., Allievi, E., Brunelli, L., Coco,
F., de Gaspari, G.C. & Flauto, U. (1993) Influence of
dietary manipulation on incidence of atopic disease
in infants at risk. Ann Allergy, 71, 366-371.
Barker, D.J. (1990) The fetal and infant origins of adult
disease. BMJ, 301, 1111.
Barker, D.J., Gluckman, P.D., Godfrey, K.M., Harding,
J.E., Owens, J.A. & Robinson, J.S. (1993) Fetal
nutrition and cardiovascular disease in adult life.
Lancet, 341, 938-941.
Barker, D.J., Osmond, C., Golding, J., Kuh, D. &
Wadsworth, M.E. (1989) Growth in utero, blood
pressure in childhood and adult life, and mortality
from cardiovascular disease. BMJ, 298, 564-567.

References
Bateson, P., Barker, D., Clutton-Brock, T., Deb, D.,
D’Udine, B., Foley, R.A., Gluckman, P., Godfrey,
K., Kirkwood, T., Lahr, M.M., McNamara, J.,
Metcalfe, N.B., Monaghan, P., Spencer, H.G. &
Sultan, S.E. (2004) Developmental plasticity and
human health. Nature, 430, 419-421.
Baylin, A. & Campos, H. (2006) The use of fatty acid
biomarkers to reflect dietary intake. Curr Opin
Lipidol, 17, 22-27.
Becker, W. (2005) New Nordic nutrition
recommendations 2004. Physical activity as
important as good nourishing food. Lakartidningen,
102, 2757-2758, 2760-2752.
Belkacemi, L., Nelson, D.M., Desai, M. & Ross, M.G.
(2010) Maternal undernutrition influences placentalfetal development. Biol Reprod, 83, 325-331.
Bieber, T. (2008) Atopic dermatitis. N Engl J Med, 358,
1483-1494.
Bisgaard, H., Li, N., Bonnelykke, K., Chawes, B.L.,
Skov, T., Paludan-Müller, G., Stokholm, J., Smith,
B. & Krogfelt, K.A. (2011) Reduced diversity of the
intestinal microbiota during infancy is associated
with increased risk of allergic disease at school age.
J Allergy Clin Immunol, 128, 646-652.e641-645.
Bjelakovic, G., Nikolova, D., Gluud, L.L., Simonetti,
R.G. & Gluud, C. (2007) Mortality in randomized
trials of antioxidant supplements for primary and
secondary prevention: systematic review and metaanalysis. JAMA, 297, 842-857.
Björkstén, B. (1994) Risk factors in early childhood
for the development of atopic diseases. Allergy, 49,
400-407.
Björkstén, B., Sepp, E., Julge, K., Voor, T. & Mikelsaar,
M. (2001) Allergy development and the intestinal
microflora during the first year of life. J Allergy Clin
Immunol, 108, 516-520.
Black, P.N. & Sharpe, S. (1997) Dietary fat and asthma:
is there a connection? Eur Respir J, 10, 6-12.
Bolte, G., Frye, C., Hoelscher, B., Meyer, I., Wjst, M.
& Heinrich, J. (2001) Margarine consumption and
allergy in children. Am J Respir Crit Care Med, 163,
277-279.
Bolte, G., Winkler, G., Hölscher, B., Thefeld, W.,
Weiland, S.K. & Heinrich, J. (2005) Margarine
consumption, asthma, and allergy in young adults:
results of the German National Health Survey 1998.
Ann Epidemiol, 15, 207-213.
Boyle, R.J., Ismail, I.H., Kivivuori, S., Licciardi, P.V.,
Robins-Browne, R.M., Mah, L.J., Axelrad, C.,
Moore, S., Donath, S., Carlin, J.B., Lahtinen, S.J.
& Tang, M.L. (2011) Lactobacillus GG treatment

69

during pregnancy for the prevention of eczema: a
randomized controlled trial. Allergy, 66, 509-516.
Brenna, J.T., Salem, N., Sinclair, A.J., Cunnane, S.C.
& International Society for the Study of Fatty
Acids and Lipids, I.S.S.F. (2009) alpha-Linolenic
acid supplementation and conversion to n-3 longchain polyunsaturated fatty acids in humans.
Prostaglandins Leukot Essent Fatty Acids, 80, 8591.
Breton, C.V., Byun, H.M., Wenten, M., Pan, F., Yang,
A. & Gilliland, F.D. (2009) Prenatal tobacco smoke
exposure affects global and gene-specific DNA
methylation. Am J Respir Crit Care Med, 180, 462467.
Brown, A.J., Roberts, D.C., Pritchard, J.E. & Truswell,
A.S. (1990) A mixed Australian fish diet and fish-oil
supplementation: impact on the plasma lipid profile
of healthy men. Am J Clin Nutr, 52, 825-833.
Bunyavanich, S., Rifas-Shiman, S.L., Platts-Mills,
T.A., Workman, L., Sordillo, J.E., Camargo, C.A.,
Gillman, M.W., Gold, D.R. & Litonjua, A.A. (2014)
Peanut, milk, and wheat intake during pregnancy
is associated with reduced allergy and asthma in
children. J Allergy Clin Immunol.
Burdge, G.C. & Calder, P.C. (2005) Conversion of
alpha-linolenic acid to longer-chain polyunsaturated
fatty acids in human adults. Reprod Nutr Dev, 45,
581-597.
Burdge, G.C. & Wootton, S.A. (2002) Conversion
of alpha-linolenic acid to eicosapentaenoic,
docosapentaenoic and docosahexaenoic acids in
young women. Br J Nutr, 88, 411-420.
Burke, H., Leonardi-Bee, J., Hashim, A., Pine-Abata,
H., Chen, Y., Cook, D.G., Britton, J.R. & McKeever,
T.M. (2012) Prenatal and passive smoke exposure
and incidence of asthma and wheeze: systematic
review and meta-analysis. Pediatrics, 129, 735-744.
Businco, L., Marchetti, F., Pellegrini, G., Cantani, A.
& Perlini, R. (1983) Prevention of atopic disease
in “at-risk newborns” by prolonged breast-feeding.
Ann Allergy, 51, 296-299.
Böttcher, M.F., Nordin, E.K., Sandin, A., Midtvedt,
T. & Björkstén, B. (2000) Microflora-associated
characteristics in faeces from allergic and nonallergic
infants. Clin Exp Allergy, 30, 1590-1596.
Caffarelli, C., Cavagni, G., Giordano, S., Stapane,
I. & Rossi, C. (1995) Relationship between oral
challenges with previously uningested egg and eggspecific IgE antibodies and skin prick tests in infants
with food allergy. J Allergy Clin Immunol, 95, 12151220.

70

References

Calder, P.C. (2003) N-3 polyunsaturated fatty acids and
inflammation: from molecular biology to the clinic.
Lipids, 38, 343-352.
Calder, P.C., Dangour, A.D., Diekman, C., Eilander,
A., Koletzko, B., Meijer, G.W., Mozaffarian, D.,
Niinikoski, H., Osendarp, S.J., Pietinen, P., Schuit,
J. & Uauy, R. (2010) Essential fats for future
health. Proceedings of the 9th Unilever Nutrition
Symposium, 26-27 May 2010. Eur J Clin Nutr, 64
Suppl 4, S1-13.
Calder, P.C., Krauss-Etschmann, S., de Jong, E.C.,
Dupont, C., Frick, J.S., Frokiaer, H., Heinrich,
J., Garn, H., Koletzko, S., Lack, G., Mattelio, G.,
Renz, H., Sangild, P.T., Schrezenmeir, J., Stulnig,
T.M., Thymann, T., Wold, A.E. & Koletzko, B.
(2006) Early nutrition and immunity - progress and
perspectives. Br J Nutr, 96, 774-790.
Carpenter, K.J. (2003) A short history of nutritional
science: part 1 (1785-1885). J Nutr, 133, 638-645.
Catov, J.M., Patrick, T.E., Powers, R.W., Ness,
R.B., Harger, G. & Roberts, J.M. (2007) Maternal
leptin across pregnancy in women with small-forgestational-age infants. Am J Obstet Gynecol, 196,
558.e551-558.
Cattaneo, A., Williams, C., Pallás-Alonso, C.R.,
Hernández-Aguilar, M.T., Lasarte-Velillas, J.J.,
Landa-Rivera, L., Rouw, E., Pina, M., Volta, A.
& Oudesluys-Murphy, A.M. (2011) ESPGHAN’s
2008 recommendation for early introduction of
complementary foods: how good is the evidence?
Matern Child Nutr, 7, 335-343.
Celedón, J.C. & Weiss, S.T. (2004) Use of antibacterials
in infancy: clinical implications for childhood
asthma and allergies. Treat Respir Med, 3, 291-294.
Cetin, I. & Alvino, G. (2009) Intrauterine growth
restriction: implications for placental metabolism
and transport. A review. Placenta, 30 Suppl A, S7782.
Cetin, I., Alvino, G., Radaelli, T. & Pardi, G. (2005)
Fetal nutrition: a review. Acta Paediatr Suppl, 94,
7-13.
Cetin, I. & Cardellichio, M. (2010) Physiology of
Pregnancy: Interaction between Mother and Child.
Ann Nestlé, 7-15.
Cetin, I. & Koletzko, B. (2008) Long-chain omega-3
fatty acid supply in pregnancy and lactation. Curr
Opin Clin Nutr Metab Care, 11, 297-302.
Chan-Yeung, M., Ferguson, A., Watson, W., DimichWard, H., Rousseau, R., Lilley, M., Dybuncio, A. &
Becker, A. (2005) The Canadian Childhood Asthma
Primary Prevention Study: outcomes at 7 years of
age. J Allergy Clin Immunol, 116, 49-55.

Chatzi, L., Torrent, M., Romieu, I., Garcia-Esteban, R.,
Ferrer, C., Vioque, J., Kogevinas, M. & Sunyer, J.
(2008) Mediterranean diet in pregnancy is protective
for wheeze and atopy in childhood. Thorax, 63, 507513.
Chow, J., Lee, S.M., Shen, Y., Khosravi, A. &
Mazmanian, S.K. (2010) Host-bacterial symbiosis
in health and disease. Adv Immunol, 107, 243-274.
Chuang, C.H., Hsieh, W.S., Chen, Y.C., Chang, P.J.,
Hurng, B.S., Lin, S.J. & Chen, P.C. (2011) Infant
feeding practices and physician diagnosed atopic
dermatitis: a prospective cohort study in Taiwan.
Pediatr Allergy Immunol, 22, 43-49.
Costello, E.K., Lauber, C.L., Hamady, M., Fierer,
N., Gordon, J.I. & Knight, R. (2009) Bacterial
community variation in human body habitats across
space and time. Science, 326, 1694-1697.
Cousins, L. (1991) Insulin sensitivity in pregnancy.
Diabetes, 40 Suppl 2, 39-43.
de Batlle, J., Garcia-Aymerich, J., Barraza-Villarreal,
A., Antó, J.M. & Romieu, I. (2008) Mediterranean
diet is associated with reduced asthma and rhinitis in
Mexican children. Allergy, 63, 1310-1316.
de Groot, R.H., Hornstra, G., van Houwelingen, A.C.
& Roumen, F. (2004) Effect of alpha-linolenic acid
supplementation during pregnancy on maternal
and neonatal polyunsaturated fatty acid status and
pregnancy outcome. Am J Clin Nutr, 79, 251-260.
Devereux, G. (2006) The increase in the prevalence
of asthma and allergy: food for thought. Nat Rev
Immunol, 6, 869-874.
Devereux, G., Litonjua, A.A., Turner, S.W., Craig,
L.C., McNeill, G., Martindale, S., Helms, P.J.,
Seaton, A. & Weiss, S.T. (2007) Maternal vitamin
D intake during pregnancy and early childhood
wheezing. Am J Clin Nutr, 85, 853-859.
Devereux, G. & Seaton, A. (2005) Diet as a risk factor
for atopy and asthma. J Allergy Clin Immunol, 115,
1109-1117; quiz 1118.
Devereux, G., Turner, S.W., Craig, L.C., McNeill, G.,
Martindale, S., Harbour, P.J., Helms, P.J. & Seaton,
A. (2006) Low maternal vitamin E intake during
pregnancy is associated with asthma in 5-year-old
children. Am J Respir Crit Care Med, 174, 499-507.
Dominguez-Bello, M.G., Costello, E.K., Contreras,
M., Magris, M., Hidalgo, G., Fierer, N. & Knight,
R. (2010) Delivery mode shapes the acquisition and
structure of the initial microbiota across multiple
body habitats in newborns. Proc Natl Acad Sci U S
A, 107, 11971-11975.
Dotterud, C.K., Storrø, O., Johnsen, R. & Oien, T.
(2010) Probiotics in pregnant women to prevent

References

71

allergic disease: a randomized, double-blind trial. Br
J Dermatol, 163, 616-623.

reactions to food in young children. Pediatr Allergy
Immunol, 10, 122-132.

Douwes, J., Cheng, S., Travier, N., Cohet, C., Niesink,
A., McKenzie, J., Cunningham, C., Le Gros, G.,
von Mutius, E. & Pearce, N. (2008) Farm exposure
in utero may protect against asthma, hay fever and
eczema. Eur Respir J, 32, 603-611.

Elliott, V. (2007) The UHT route to long-life planet,
London: Times Online. http://www.thetimes.co.uk/
tto/news/politics/article2024017.ece.
Accessed
March 2014.

Dunstan, J.A., Mori, T.A., Barden, A., Beilin, L.J.,
Holt, P.G., Calder, P.C., Taylor, A.L. & Prescott,
S.L. (2004) Effects of n-3 polyunsaturated fatty acid
supplementation in pregnancy on maternal and fetal
erythrocyte fatty acid composition. Eur J Clin Nutr,
58, 429-437.
Dunstan, J.A., Mori, T.A., Barden, A., Beilin, L.J.,
Taylor, A.L., Holt, P.G. & Prescott, S.L. (2003a)
Fish oil supplementation in pregnancy modifies
neonatal allergen-specific immune responses and
clinical outcomes in infants at high risk of atopy: a
randomized, controlled trial. J Allergy Clin Immunol,
112, 1178-1184.
Dunstan, J.A., Mori, T.A., Barden, A., Beilin, L.J.,
Taylor, A.L., Holt, P.G. & Prescott, S.L. (2003b)
Maternal fish oil supplementation in pregnancy
reduces interleukin-13 levels in cord blood of infants
at high risk of atopy. Clin Exp Allergy, 33, 442-448.
Ege, M.J., Bieli, C., Frei, R., van Strien, R.T., Riedler,
J., Ublagger, E., Schram-Bijkerk, D., Brunekreef,
B., van Hage, M., Scheynius, A., Pershagen, G.,
Benz, M.R., Lauener, R., von Mutius, E., BraunFahrländer, C. & Parsifal Study team. (2006)
Prenatal farm exposure is related to the expression
of receptors of the innate immunity and to atopic
sensitization in school-age children. J Allergy Clin
Immunol, 117, 817-823.
Ege, M.J., Frei, R., Bieli, C., Schram-Bijkerk, D.,
Waser, M., Benz, M.R., Weiss, G., Nyberg, F., van
Hage, M., Pershagen, G., Brunekreef, B., Riedler,
J., Lauener, R., Braun-Fahrländer, C., von Mutius,
E. & Parsifal Study team. (2007) Not all farming
environments protect against the development
of asthma and wheeze in children. J Allergy Clin
Immunol, 119, 1140-1147.
Ege, M.J., Mayer, M., Normand, A.C., Genuneit, J.,
Cookson, W.O., Braun-Fahrländer, C., Heederik,
D., Piarroux, R., von Mutius, E. & GABRIELA
Transregio 22 Study Group. (2011) Exposure to
environmental microorganisms and childhood
asthma. N Engl J Med, 364, 701-709.
Eggesbø, M., Botten, G. & Stigum, H. (2001)
Restricted diets in children with reactions to milk
and egg perceived by their parents. J Pediatr, 139,
583-587.
Eggesbø, M., Halvorsen, R., Tambs, K. & Botten, G.
(1999) Prevalence of parentally perceived adverse

Emmett, P.M. & Rogers, I.S. (1997) Properties of
human milk and their relationship with maternal
nutrition. Early Hum Dev, 49 Suppl, S7-28.
Eriksson, J.G., Kajantie, E., Thornburg, K.L., Osmond,
C. & Barker, D.J. (2011) Mother’s body size and
placental size predict coronary heart disease in men.
Eur Heart J, 32, 2297-2303.
Exl, B.M., Deland, U., Secretin, M.C., Preysch, U.,
Wall, M. & Shmerling, D.H. (2000) Improved
general health status in an unselected infant
population following an allergen-reduced dietary
intervention programme: the ZUFF-STUDYPROGRAMME. Part II: infant growth and health
status to age 6 months. ZUg-FrauenFeld. Eur J Nutr,
39, 145-156.
FAO/WHO (2001) Report of joint FAO/WHO Expert
Consultation on Evaluation of Health and Nutritional
Properties of Probiotics in Food Including Powder
Milk With Live Lactic Acid Bacteria., Cordoba,
Argentina.
Favier, C.F., Vaughan, E.E., De Vos, W.M. &
Akkermans, A.D. (2002) Molecular monitoring
of succession of bacterial communities in human
neonates. Appl Environ Microbiol, 68, 219-226.
Fergusson, D.M., Horwood, L.J. & Shannon, F.T.
(1982) Risk factors in childhood eczema. J
Epidemiol Community Health, 36, 118-122.
Fergusson, D.M., Horwood, L.J. & Shannon, F.T.
(1990) Early solid feeding and recurrent childhood
eczema: a 10-year longitudinal study. Pediatrics, 86,
541-546.
Filipiak, B., Zutavern, A., Koletzko, S., von Berg, A.,
Brockow, I., Grübl, A., Berdel, D., Reinhardt, D.,
Bauer, C.P., Wichmann, H.E., Heinrich, J. & GINIGroup (2007) Solid food introduction in relation to
eczema: results from a four-year prospective birth
cohort study. J Pediatr, 151, 352-358.
Fiocchi, A., Assa’ad, A., Bahna, S. &
Adverse Reactions to Foods Committee,
American College of Allergy, Asthma and
Immunology. (2006) Food allergy and the
introduction of solid foods to infants: a consensus
document. Adverse Reactions to Foods Committee,
American College of Allergy, Asthma and
Immunology. Ann Allergy Asthma Immunol, 97, 1020; quiz 21, 77.

72

References

Fitzsimon, N., Fallon, U., O’Mahony, D., Loftus, B.G.,
Bury, G., Murphy, A.W., Kelleher, C.C. & Lifeways
Cross Generation Cohort Study Steering Group.
(2007) Mothers’ dietary patterns during pregnancy
and risk of asthma symptoms in children at 3 years.
Ir Med J, 100, suppl 27-32.
Fleischer, D.M., Spergel, J.M., Assa’ad, A.H. &
Pongracic, J.A. (2013) Primary prevention of
allergic disease through nutritional interventions. J
Allergy Clin Immunol Pract, 1, 29-36.
Fogelholm, M., Hakala, P., Kara, R., Kiuru, S., Kurppa,
S., Kuusipalo, H., Laitinen, J., Mamiemi, A.,
Misikangas, M., Roos, E., Sarlio-Lähteenkorva, S.,
Schwab, U. & Virtanen, S. (2014) Terveyttä ruoasta
– Suomalaiset ravitsemussuositukset 2014. Valtion
ravitsemusneuvottelukunta, Tampere, Finland.
Fokkema, M.R., Smit, E.N., Martini, I.A., Woltil,
H.A., Boersma, E.R. & Muskiet, F.A. (2002)
Assessment of essential fatty acid and omega3fatty acid status by measurement of erythrocyte
20:3omega9 (Mead acid), 22:5omega6/20:4omega6
and 22:5omega6/22:6omega3. Prostaglandins
Leukot Essent Fatty Acids, 67, 345-356.
Forno, E., Onderdonk, A.B., McCracken, J., Litonjua,
A.A., Laskey, D., Delaney, M.L., Dubois, A.M.,
Gold, D.R., Ryan, L.M., Weiss, S.T. & Celedón, J.C.
(2008) Diversity of the gut microbiota and eczema
in early life. Clin Mol Allergy, 6, 11.
Fowden, A.L. & Forhead, A.J. (2004) Endocrine
mechanisms
of
intrauterine
programming.
Reproduction, 127, 515-526.
Friedman, N.J. & Zeiger, R.S. (2005) The role of
breast-feeding in the development of allergies and
asthma. J Allergy Clin Immunol, 115, 1238-1248.
Fuchs, O., Genuneit, J., Latzin, P., Büchele, G., Horak,
E., Loss, G., Sozanska, B., Weber, J., Boznanski,
A., Heederik, D., Braun-Fahrländer, C., Frey,
U., von Mutius, E. & GABRIELA Study Group.
(2012) Farming environments and childhood atopy,
wheeze, lung function, and exhaled nitric oxide. J
Allergy Clin Immunol, 130, 382-388.e386.
Furuhjelm, C., Warstedt, K., Fagerås, M., FälthMagnusson, K., Larsson, J., Fredriksson, M. &
Duchén, K. (2011) Allergic disease in infants up
to 2 years of age in relation to plasma omega-3
fatty acids and maternal fish oil supplementation in
pregnancy and lactation. Pediatr Allergy Immunol,
22, 505-514.
Furuhjelm, C., Warstedt, K., Larsson, J., Fredriksson,
M., Bottcher, M.F., Falth-Magnusson, K. & Duchen,
K. (2009) Fish oil supplementation in pregnancy
and lactation may decrease the risk of infant allergy.
Acta Paediatr, 98, 1461-1467.

Følsgaard, N.V., Chawes, B.L., Rasmussen, M.A.,
Bischoff, A.L., Carson, C.G., Stokholm, J.,
Pedersen, L., Hansel, T.T., Bønnelykke, K., Brix,
S. & Bisgaard, H. (2012) Neonatal cytokine profile
in the airway mucosal lining fluid is skewed by
maternal atopy. Am J Respir Crit Care Med, 185,
275-280.
Gdalevich, M., Mimouni, D. & Mimouni, M. (2001)
Breast-feeding and the risk of bronchial asthma in
childhood: a systematic review with meta-analysis
of prospective studies. J Pediatr, 139, 261-266.
Gill, S.R., Pop, M., Deboy, R.T., Eckburg, P.B.,
Turnbaugh, P.J., Samuel, B.S., Gordon, J.I., Relman,
D.A., Fraser-Liggett, C.M. & Nelson, K.E. (2006)
Metagenomic analysis of the human distal gut
microbiome. Science, 312, 1355-1359.
Gilliland, F.D., Berhane, K., McConnell, R.,
Gauderman, W.J., Vora, H., Rappaport, E.B., Avol,
E. & Peters, J.M. (2000) Maternal smoking during
pregnancy, environmental tobacco smoke exposure
and childhood lung function. Thorax, 55, 271-276.
Gluckman, P.D. & Hanson, M.A. (2004) Developmental
origins of disease paradigm: a mechanistic and
evolutionary perspective. Pediatr Res, 56, 311-317.
Gluckman, P.D., Hanson, M.A., Cooper, C. &
Thornburg, K.L. (2008) Effect of in utero and earlylife conditions on adult health and disease. N Engl J
Med, 359, 61-73.
Gluckman, P.D., Hanson, M.A., Spencer, H.G. &
Bateson, P. (2005) Environmental influences during
development and their later consequences for health
and disease: implications for the interpretation of
empirical studies. Proc Biol Sci, 272, 671-677.
Goldman, A.S. & Smith, C.W. (1973) Host resistance
factors in human milk. J Pediatr, 82, 1082-1090.
Greenough, A., Shaheen, S.O., Shennan, A., Seed,
P.T. & Poston, L. (2010) Respiratory outcomes in
early childhood following antenatal vitamin C and E
supplementation. Thorax, 65, 998-1003.
Greer, F.R., Sicherer, S.H., Burks, A.W. & American
Academy of Pediatrics Committee on Nutrition,
American Academy of Pediatrics Section on Allergy
and Immunology. (2008) Effects of early nutritional
interventions on the development of atopic disease
in infants and children: the role of maternal dietary
restriction, breastfeeding, timing of introduction of
complementary foods, and hydrolyzed formulas.
Pediatrics, 121, 183-191.
Grimshaw, K.E., Maskell, J., Oliver, E.M., Morris, R.C.,
Foote, K.D., Mills, E.N., Roberts, G. & Margetts,
B.M. (2013) Introduction of complementary foods
and the relationship to food allergy. Pediatrics, 132,
e1529-1538.

References
Grönlund, M.M., Gueimonde, M., Laitinen, K.,
Kociubinski, G., Grönroos, T., Salminen, S. &
Isolauri, E. (2007) Maternal breast-milk and
intestinal bifidobacteria guide the compositional
development of the Bifidobacterium microbiota in
infants at risk of allergic disease. Clin Exp Allergy,
37, 1764-1772.
Gueimonde, M., Laitinen, K., Salminen, S. & Isolauri,
E. (2007) Breast milk: a source of bifidobacteria
for infant gut development and maturation?
Neonatology, 92, 64-66.
Haahtela, T., Heiskala, M. & Suoniemi, I. (1980)
Allergic disorders and immediate skin test reactivity
in Finnish adolescents. Allergy, 35, 433-441.
Haahtela, T., Tuomisto, L.E., Pietinalho, A., Klaukka,
T., Erhola, M., Kaila, M., Nieminen, M.M., Kontula,
E. & Laitinen, L.A. (2006) A 10 year asthma
programme in Finland: major change for the better.
Thorax, 61, 663-670.
Haahtela, T., von Hertzen, L., Makela, M. &
Hannuksela, M. (2008) Finnish Allergy Programme
2008-2018--time to act and change the course.
Allergy, 63, 634-645.
Halken, S. (2004) Prevention of allergic disease in
childhood: clinical and epidemiological aspects of
primary and secondary allergy prevention. Pediatr
Allergy Immunol, 15 Suppl 16, 4-5, 9-32.
Halken, S. & Høst, A. (1996) Prevention of allergic
disease. Exposure to food allergens and dietetic
intervention. Pediatr Allergy Immunol, 7, 102-107.
Hanifin, J.M. (1991) Atopic dermatitis in infants and
children. Pediatr Clin North Am, 38, 763-789.
Hanski, I., von Hertzen, L., Fyhrquist, N., Koskinen,
K., Torppa, K., Laatikainen, T., Karisola, P.,
Auvinen, P., Paulin, L., Mäkelä, M.J., Vartiainen, E.,
Kosunen, T.U., Alenius, H. & Haahtela, T. (2012)
Environmental biodiversity, human microbiota, and
allergy are interrelated. Proc Natl Acad Sci U S A,
109, 8334-8339.
Hanson, M. & Gluckman, P. (2011) Developmental
origins of noncommunicable disease: population
and public health implications. Am J Clin Nutr, 94,
1754S-1758S.
Harris, W.S., Connor, W.E. & McMurry, M.P. (1983)
The comparative reductions of the plasma lipids and
lipoproteins by dietary polyunsaturated fats: salmon
oil versus vegetable oils. Metabolism, 32, 179-184.
Hautero, U., Laakso, P., Linderborg, K., Niinivirta,
K., Poussa, T., Isolauri, E. & Laitinen, K. (2013)
Proportions and concentrations of serum n-3 fatty
acids can be increased by dietary counseling during
pregnancy. Eur J Clin Nutr, 67, 1163-1168.

73

Heikkilä, M.P. & Saris, P.E. (2003) Inhibition of
Staphylococcus aureus by the commensal bacteria
of human milk. J Appl Microbiol, 95, 471-478.
Helland, I.B., Saugstad, O.D., Saarem, K., Van
Houwelingen, A.C., Nylander, G. & Drevon, C.A.
(2006) Supplementation of n-3 fatty acids during
pregnancy and lactation reduces maternal plasma
lipid levels and provides DHA to the infants. J
Matern Fetal Neonatal Med, 19, 397-406.
Helland, I.B., Saugstad, O.D., Smith, L., Saarem,
K., Solvoll, K., Ganes, T. & Drevon, C.A. (2001)
Similar effects on infants of n-3 and n-6 fatty acids
supplementation to pregnant and lactating women.
Pediatrics, 108, E82.
Helldán, A., Raulio, S., Kosola, M., Tapanainen,
H., Ovaskainen, M.-L. & Virtanen, S. (2013) The
National FINDIET 2012 Survey. In THL (ed)
Raportti 16/2013. THL, Helsinki, Finland, pp. 187.
Herrera, E. (2002) Lipid metabolism in pregnancy
and its consequences in the fetus and newborn.
Endocrine, 19, 43-55.
Hesselmar, B., Saalman, R., Rudin, A., Adlerberth, I. &
Wold, A. (2010) Early fish introduction is associated
with less eczema, but not sensitization, in infants.
Acta Paediatr, 99, 1861-1867.
Hodge, L., Peat, J.K. & Salome, C. (1994) Increased
consumption of polyunsaturated oils may be a cause
of increased prevalence of childhood asthma. Aust N
Z J Med, 24, 727.
Hodge, L., Salome, C.M., Peat, J.K., Haby, M.M.,
Xuan, W. & Woolcock, A.J. (1996) Consumption of
oily fish and childhood asthma risk. Med J Aust, 164,
137-140.
Hoff, S., Seiler, H., Heinrich, J., Kompauer, I., Nieters,
A., Becker, N., Nagel, G., Gedrich, K., Karg,
G., Wolfram, G. & Linseisen, J. (2005) Allergic
sensitisation and allergic rhinitis are associated with
n-3 polyunsaturated fatty acids in the diet and in red
blood cell membranes. Eur J Clin Nutr, 59, 10711080.
Hoffmann, P.R., Jourdan-Le Saux, C., Hoffmann,
F.W., Chang, P.S., Bollt, O., He, Q., Tam, E.K. &
Berry, M.J. (2007) A role for dietary selenium and
selenoproteins in allergic airway inflammation. J
Immunol, 179, 3258-3267.
Hollingsworth, J.W., Maruoka, S., Boon, K.,
Garantziotis, S., Li, Z., Tomfohr, J., Bailey, N., Potts,
E.N., Whitehead, G., Brass, D.M. & Schwartz, D.A.
(2008) In utero supplementation with methyl donors
enhances allergic airway disease in mice. J Clin
Invest, 118, 3462-3469.

74

References

Holman, R.T., Smythe, L. & Johnson, S. (1979) Effect
of sex and age on fatty acid composition of human
serum lipids. Am J Clin Nutr, 32, 2390-2399.
Holt, P.G. (1995) Environmental factors and primary
T-cell sensitisation to inhalant allergens in infancy:
reappraisal of the role of infections and air pollution.
Pediatr Allergy Immunol, 6, 1-10.
Hong, P.Y., Lee, B.W., Aw, M., Shek, L.P., Yap,
G.C., Chua, K.Y. & Liu, W.T. (2010) Comparative
analysis of fecal microbiota in infants with and
without eczema. PLoS One, 5, e9964.
Hooper, L.V., Littman, D.R. & Macpherson, A.J.
(2012) Interactions between the microbiota and the
immune system. Science, 336, 1268-1273.
Hoppu, U., Kalliomaki, M. & Isolauri, E. (2000)
Maternal diet rich in saturated fat during
breastfeeding is associated with atopic sensitization
of the infant. Eur J Clin Nutr, 54, 702-705.
Hoppu, U., Rinne, M., Lampi, A.M. & Isolauri, E.
(2005a) Breast milk fatty acid composition is
associated with development of atopic dermatitis
in the infant. J Pediatr Gastroenterol Nutr, 41, 335338.
Hoppu, U., Rinne, M., Salo-Väänänen, P., Lampi,
A.M., Piironen, V. & Isolauri, E. (2005b) Vitamin
C in breast milk may reduce the risk of atopy in the
infant. Eur J Clin Nutr, 59, 123-128.
Hovi, P., Andersson, S., Eriksson, J.G., Järvenpää,
A.L., Strang-Karlsson, S., Mäkitie, O. & Kajantie,
E. (2007) Glucose regulation in young adults with
very low birth weight. N Engl J Med, 356, 20532063.
Huurre, A., Laitinen, K., Rautava, S., Korkeamäki,
M. & Isolauri, E. (2008) Impact of maternal atopy
and probiotic supplementation during pregnancy
on infant sensitization: a double-blind placebocontrolled study. Clin Exp Allergy, 38, 1342-1348.
Håberg, S.E., London, S.J., Stigum, H., Nafstad, P.
& Nystad, W. (2009) Folic acid supplements in
pregnancy and early childhood respiratory health.
Arch Dis Child, 94, 180-184.
Høst, A., Halken, S., Muraro, A., Dreborg, S.,
Niggemann, B., Aalberse, R., Arshad, S.H., von
Berg, A., Carlsen, K.H., Duschén, K., Eigenmann,
P.A., Hill, D., Jones, C., Mellon, M., Oldeus, G.,
Oranje, A., Pascual, C., Prescott, S., Sampson, H.,
Svartengren, M., Wahn, U., Warner, J.A., Warner,
J.O., Vandenplas, Y., Wickman, M. & Zeiger, R.S.
(2008) Dietary prevention of allergic diseases in
infants and small children. Pediatr Allergy Immunol,
19, 1-4.

Høst, A., Koletzko, B., Dreborg, S., Muraro, A., Wahn,
U., Aggett, P., Bresson, J.L., Hernell, O., Lafeber, H.,
Michaelsen, K.F., Micheli, J.L., Rigo, J., Weaver, L.,
Heymans, H., Strobel, S. & Vandenplas, Y. (1999)
Dietary products used in infants for treatment and
prevention of food allergy. Joint Statement of the
European Society for Paediatric Allergology and
Clinical Immunology (ESPACI) Committee on
Hypoallergenic Formulas and the European Society
for Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) Committee on Nutrition.
Arch Dis Child, 81, 80-84.
Illi, S., von Mutius, E., Lau, S., Bergmann, R.,
Niggemann, B., Sommerfeld, C., Wahn, U. & Group,
M. (2001) Early childhood infectious diseases and
the development of asthma up to school age: a birth
cohort study. BMJ, 322, 390-395.
Innis, S.M. (1991) Essential fatty acids in growth and
development. Prog Lipid Res, 30, 39-103.
Innis, S.M. (2007) Human milk: maternal dietary lipids
and infant development. Proc Nutr Soc, 66, 397-404.
Isolauri, E. & Turjanmaa, K. (1996) Combined skin
prick and patch testing enhances identification of
food allergy in infants with atopic dermatitis. J
Allergy Clin Immunol, 97, 9-15.
Jaakkola, J. (2013) Individual dietary counselling
during and after pregnancy: Impact on diet and body
weight. Annales Universitatis Turkuensis D 1079.
University of Turku, Turku, Finland.
Janson, C., Asbjornsdottir, H., Birgisdottir, A.,
Sigurjonsdottir, R.B., Gunnbjörnsdottir, M.,
Gislason, D., Olafsson, I., Cook, E., Jögi, R.,
Gislason, T. & Thjodleifsson, B. (2007) The effect
of infectious burden on the prevalence of atopy
and respiratory allergies in Iceland, Estonia, and
Sweden. J Allergy Clin Immunol, 120, 673-679.
Jensen, C.L., Maude, M., Anderson, R.E. & Heird,
W.C. (2000) Effect of docosahexaenoic acid
supplementation of lactating women on the fatty
acid composition of breast milk lipids and maternal
and infant plasma phospholipids. Am J Clin Nutr,
71, 292S-299S.
Jernberg, C., Löfmark, S., Edlund, C. & Jansson, J.K.
(2007) Long-term ecological impacts of antibiotic
administration on the human intestinal microbiota.
ISME J, 1, 56-66.
Jiménez, E., Marín, M.L., Martín, R., Odriozola, J.M.,
Olivares, M., Xaus, J., Fernández, L. & Rodríguez,
J.M. (2008) Is meconium from healthy newborns
actually sterile? Res Microbiol, 159, 187-193.
Johansson, S.G., Bieber, T., Dahl, R., Friedmann,
P.S., Lanier, B.Q., Lockey, R.F., Motala, C., Ortega
Martell, J.A., Platts-Mills, T.A., Ring, J., Thien,

References
F., Van Cauwenberge, P. & Williams, H.C. (2004)
Revised nomenclature for allergy for global use:
Report of the Nomenclature Review Committee of
the World Allergy Organization, October 2003. J
Allergy Clin Immunol, 113, 832-836.
Joseph, C.L., Ownby, D.R., Havstad, S.L., Woodcroft,
K.J., Wegienka, G., MacKechnie, H., Zoratti,
E., Peterson, E.L. & Johnson, C.C. (2011) Early
complementary feeding and risk of food sensitization
in a birth cohort. J Allergy Clin Immunol, 127, 12031210.
Kajosaari, M. & Saarinen, U.M. (1983) Prophylaxis
of atopic disease by six months’ total solid food
elimination. Evaluation of 135 exclusively breastfed infants of atopic families. Acta Paediatr Scand,
72, 411-414.
Kalliomäki, M., Salminen, S., Arvilommi, H., Kero,
P., Koskinen, P. & Isolauri, E. (2001) Probiotics in
primary prevention of atopic disease: a randomised
placebo-controlled trial. Lancet, 357, 1076-1079.
Kalliomäki, M., Salminen, S., Poussa, T., Arvilommi,
H. & Isolauri, E. (2003) Probiotics and prevention
of atopic disease: 4-year follow-up of a randomised
placebo-controlled trial. Lancet, 361, 1869-1871.
Kalliomäki, M., Collado, M.C., Salminen, S. &
Isolauri, E. (2008) Early differences in fecal
microbiota composition in children may predict
overweight. Am J Clin Nutr, 87, 534-538.
Kalliomäki, M., Kirjavainen, P., Eerola, E., Kero, P.,
Salminen, S. & Isolauri, E. (2001) Distinct patterns
of neonatal gut microflora in infants in whom
atopy was and was not developing. J Allergy Clin
Immunol, 107, 129-134.
Kalliomäki, M., Salminen, S., Poussa, T. & Isolauri,
E. (2007) Probiotics during the first 7 years of
life: a cumulative risk reduction of eczema in a
randomized, placebo-controlled trial. J Allergy Clin
Immunol, 119, 1019-1021.
Kelishadi, R., Hadi, B., Iranpour, R., Khosravi-Darani,
K., Mirmoghtadaee, P., Farajian, S. & Poursafa, P.
(2012) A study on lipid content and fatty acid of
breast milk and its association with mother’s diet
composition. J Res Med Sci, 17, 824-827.
Kelly, F.J. & Fussell, J.C. (2011) Air pollution and
airway disease. Clin Exp Allergy, 41, 1059-1071.
Kero, J., Gissler, M., Grönlund, M.M., Kero, P.,
Koskinen, P., Hemminki, E. & Isolauri, E. (2002)
Mode of delivery and asthma -- is there a connection?
Pediatr Res, 52, 6-11.
Kim, J.Y., Kwon, J.H., Ahn, S.H., Lee, S.I., Han, Y.S.,
Choi, Y.O., Lee, S.Y., Ahn, K.M. & Ji, G.E. (2010)
Effect of probiotic mix (Bifidobacterium bifidum,

75

Bifidobacterium lactis, Lactobacillus acidophilus)
in the primary prevention of eczema: a doubleblind, randomized, placebo-controlled trial. Pediatr
Allergy Immunol, 21, e386-393.
Kjellman, N.I. (1998) Prediction and prevention of
atopic allergy. Allergy, 53, 67-71.
Klemens, C.M., Berman, D.R. & Mozurkewich,
(2011) The effect of perinatal omega-3 fatty
supplementation on inflammatory markers
allergic diseases: a systematic review. BJOG,
916-925.

E.L.
acid
and
118,

Kliewer, S.A., Sundseth, S.S., Jones, S.A., Brown,
P.J., Wisely, G.B., Koble, C.S., Devchand, P., Wahli,
W., Willson, T.M., Lenhard, J.M. & Lehmann,
J.M. (1997) Fatty acids and eicosanoids regulate
gene expression through direct interactions with
peroxisome proliferator-activated receptors alpha
and gamma. Proc Natl Acad Sci U S A, 94, 43184323.
Koenig, J.E., Spor, A., Scalfone, N., Fricker, A.D.,
Stombaugh, J., Knight, R., Angenent, L.T. & Ley,
R.E. (2011) Succession of microbial consortia in the
developing infant gut microbiome. Proc Natl Acad
Sci U S A, 108 Suppl 1, 4578-4585.
Koplin, J.J., Osborne, N.J., Wake, M., Martin, P.E.,
Gurrin, L.C., Robinson, M.N., Tey, D., Slaa, M.,
Thiele, L., Miles, L., Anderson, D., Tan, T., Dang,
T.D., Hill, D.J., Lowe, A.J., Matheson, M.C.,
Ponsonby, A.L., Tang, M.L., Dharmage, S.C. &
Allen, K.J. (2010) Can early introduction of egg
prevent egg allergy in infants? A population-based
study. J Allergy Clin Immunol, 126, 807-813.
Kopp, M.V., Hennemuth, I., Heinzmann, A. &
Urbanek, R. (2008) Randomized, double-blind,
placebo-controlled trial of probiotics for primary
prevention: no clinical effects of Lactobacillus GG
supplementation. Pediatrics, 121, e850-856.
Kramer, M.S. & Kakuma, R. (2003) Maternal dietary
antigen avoidance during pregnancy and/or lactation
for preventing or treating atopic disease in the child.
Cochrane Database Syst Rev, CD000133.
Kramer, M.S. & Kakuma, R. (2012) Optimal duration
of exclusive breastfeeding. Cochrane Database Syst
Rev, 8, CD003517.
Kramer, M.S., Matush, L., Vanilovich, I., Platt, R.,
Bogdanovich, N., Sevkovskaya, Z., Dzikovich, I.,
Shishko, G., Mazer, B. & Promotion of Breastfeeding
Intervention Trial (PROBIT) Study Group. (2007)
Effect of prolonged and exclusive breast feeding on
risk of allergy and asthma: cluster randomised trial.
BMJ, 335, 815.
Krauss-Etschmann, S., Hartl, D., Rzehak, P., Heinrich,
J., Shadid, R., Del Carmen Ramirez-Tortosa, M.,

76

References

Campoy, C., Pardillo, S., Schendel, D.J., Decsi, T.,
Demmelmair, H. & Koletzko, B.V. (2008) Decreased
cord blood IL-4, IL-13, and CCR4 and increased
TGF-beta levels after fish oil supplementation of
pregnant women. J Allergy Clin Immunol, 121, 464470 e466.
Krauss-Etschmann, S., Shadid, R., Campoy, C., Hoster,
E., Demmelmair, H., Jimenez, M., Gil, A., Rivero,
M., Veszpremi, B., Decsi, T. & Koletzko, B.V.
(2007) Effects of fish-oil and folate supplementation
of pregnant women on maternal and fetal plasma
concentrations of docosahexaenoic acid and
eicosapentaenoic acid: a European randomized
multicenter trial. Am J Clin Nutr, 85, 1392-1400.
Kremmyda, L.S., Vlachava, M., Noakes, P.S., Diaper,
N.D., Miles, E.A. & Calder, P.C. (2011) Atopy risk
in infants and children in relation to early exposure
to fish, oily fish, or long-chain omega-3 fatty acids:
a systematic review. Clin Rev Allergy Immunol, 41,
36-66.
Kuitunen, M., Kukkonen, K., Juntunen-Backman,
K., Korpela, R., Poussa, T., Tuure, T., Haahtela,
T. & Savilahti, E. (2009) Probiotics prevent IgEassociated allergy until age 5 years in cesareandelivered children but not in the total cohort. J
Allergy Clin Immunol, 123, 335-341.
Kukkonen, K., Savilahti, E., Haahtela, T., JuntunenBackman, K., Korpela, R., Poussa, T., Tuure, T.
& Kuitunen, M. (2007) Probiotics and prebiotic
galacto-oligosaccharides in the prevention of
allergic diseases: a randomized, double-blind,
placebo-controlled trial. J Allergy Clin Immunol,
119, 192-198.
Kull, I., Bergström, A., Lilja, G., Pershagen, G. &
Wickman, M. (2006) Fish consumption during the
first year of life and development of allergic diseases
during childhood. Allergy, 61, 1009-1015.
Lack, G. (2007) The concept of oral tolerance
induction to foods. Nestle Nutr Workshop Ser
Pediatr Program, 59, 63-68; discussion 68-72.
Lacroix, M., Bon, C., Bos, C., Léonil, J., Benamouzig,
R., Luengo, C., Fauquant, J., Tomé, D. & Gaudichon,
C. (2008) Ultra high temperature treatment, but not
pasteurization, affects the postprandial kinetics of
milk proteins in humans. J Nutr, 138, 2342-2347.
Lagström, H., Jokinen, E., Seppänen, R., Salo, P.,
Viikari, J., Rönnemaa, T., Helenius, H. & Simell,
O. (1998) Fatty acids in serum lipid fractions as
indicators of fat intake in 5-year-old children in the
STRIP project. Scandinavian Journal of Nutrition,
42, 140-145.
Laiho, K. & Isolauri, E. (2004) Textbook of Pediatric
Gastroenterology and Nutrition. Taylor & Francis,
United Kingdom.

Laitinen, K., Kalliomaki, M., Poussa, T., Lagstrom, H.
& Isolauri, E. (2005) Evaluation of diet and growth
in children with and without atopic eczema: followup study from birth to 4 years. Br J Nutr, 94, 565574.
Laitinen, K., Poussa, T. & Isolauri, E. (2009) Probiotics
and dietary counselling contribute to glucose
regulation during and after pregnancy: a randomised
controlled trial. Br J Nutr, 101, 1679-1687.
Lange, N.E., Rifas-Shiman, S.L., Camargo, C.A.,
Gold, D.R., Gillman, M.W. & Litonjua, A.A. (2010)
Maternal dietary pattern during pregnancy is not
associated with recurrent wheeze in children. J
Allergy Clin Immunol, 126, 250-255, 255.e251-254.
Larqué, E., Demmelmair, H., Berger, B., Hasbargen,
U. & Koletzko, B. (2003) In vivo investigation of
the placental transfer of (13)C-labeled fatty acids in
humans. J Lipid Res, 44, 49-55.
Larsson, S.C., Virtamo, J. & Wolk, A. (2012) Dietary
protein intake and risk of stroke in women.
Atherosclerosis.
Latvala, J., von Hertzen, L., Lindholm, H. & Haahtela,
T. (2005) Trends in prevalence of asthma and allergy
in Finnish young men: nationwide study, 1966-2003.
BMJ, 330, 1186-1187.
Lauritzen, L., Kjaer, T.M., Fruekilde, M.B., Michaelsen,
K.F. & Frøkiaer, H. (2005) Fish oil supplementation
of lactating mothers affects cytokine production in 2
1/2-year-old children. Lipids, 40, 669-676.
Lewis, R.A., Austen, K.F. & Soberman, R.J.
(1990) Leukotrienes and other products of the
5-lipoxygenase pathway. Biochemistry and relation
to pathobiology in human diseases. N Engl J Med,
323, 645-655.
Liem, J.J., Kozyrskyj, A.L., Huq, S.I. & Becker,
A.B. (2007) The risk of developing food allergy in
premature or low-birth-weight children. J Allergy
Clin Immunol, 119, 1203-1209.
Linneberg, A., Ostergaard, C., Tvede, M., Andersen,
L.P., Nielsen, N.H., Madsen, F., Frølund, L.,
Dirksen, A. & Jørgensen, T. (2003) IgG antibodies
against microorganisms and atopic disease in Danish
adults: the Copenhagen Allergy Study. J Allergy
Clin Immunol, 111, 847-853.
Linneberg, A., Petersen, J., Grønbaek, M. & Benn,
C.S. (2004) Alcohol during pregnancy and atopic
dermatitis in the offspring. Clin Exp Allergy, 34,
1678-1683.
Litonjua, A.A. (2008) Dietary factors and the
development of asthma. Immunol Allergy Clin North
Am, 28, 603-629, ix.

References
Loss, G., Apprich, S., Waser, M., Kneifel, W.,
Genuneit, J., Büchele, G., Weber, J., Sozanska,
B., Danielewicz, H., Horak, E., van Neerven, R.J.,
Heederik, D., Lorenzen, P.C., von Mutius, E., BraunFahrländer, C. & GABRIELA study group. (2011)
The protective effect of farm milk consumption on
childhood asthma and atopy: the GABRIELA study.
J Allergy Clin Immunol, 128, 766-773.e764.
Lovegrove, J.A., Hampton, S.M. & Morgan, J.B.
(1994) The immunological and long-term atopic
outcome of infants born to women following a milkfree diet during late pregnancy and lactation: a pilot
study. Br J Nutr, 71, 223-238.
Lucas, A. (1991) Programming by early nutrition in
man. Ciba Found Symp, 156, 38-50; discussion 5035.
Lumey, L.H., Stein, A.D., Kahn, H.S. & Romijn,
J.A. (2009) Lipid profiles in middle-aged men and
women after famine exposure during gestation: the
Dutch Hunger Winter Families Study. Am J Clin
Nutr, 89, 1737-1743.
Lumia, M., Luukkainen, P., Kaila, M., Tapanainen, H.,
Takkinen, H.M., Prasad, M., Niinistö, S., Nwaru,
B.I., Kenward, M.G., Ilonen, J., Simell, O., Knip,
M., Veijola, R. & Virtanen, S.M. (2012) Maternal
dietary fat and fatty acid intake during lactation and
the risk of asthma in the offspring. Acta Paediatr,
101, e337-343.
Magnusson, L.L., Olesen, A.B., Wennborg, H. &
Olsen, J. (2005) Wheezing, asthma, hayfever, and
atopic eczema in childhood following exposure to
tobacco smoke in fetal life. Clin Exp Allergy, 35,
1550-1556.
Majamaa, H., Moisio, P., Holm, K. & Turjanmaa, K.
(1999) Wheat allergy: diagnostic accuracy of skin
prick and patch tests and specific IgE. Allergy, 54,
851-856.
Manichanh, C., Rigottier-Gois, L., Bonnaud, E., Gloux,
K., Pelletier, E., Frangeul, L., Nalin, R., Jarrin, C.,
Chardon, P., Marteau, P., Roca, J. & Dore, J. (2006)
Reduced diversity of faecal microbiota in Crohn’s
disease revealed by a metagenomic approach. Gut,
55, 205-211.
Marini, A., Agosti, M., Motta, G. & Mosca, F. (1996)
Effects of a dietary and environmental prevention
programme on the incidence of allergic symptoms
in high atopic risk infants: three years’ follow-up.
Acta Paediatr Suppl, 414, 1-21.
Martindale, S., McNeill, G., Devereux, G., Campbell,
D., Russell, G. & Seaton, A. (2005) Antioxidant
intake in pregnancy in relation to wheeze and
eczema in the first two years of life. Am J Respir
Crit Care Med, 171, 121-128.

77

Martinez, F.D. & Holt, P.G. (1999) Role of microbial
burden in aetiology of allergy and asthma. Lancet,
354 Suppl 2, SII12-15.
Maru, M., Birhanu, T. & Tessema, D.A. (2013)
Calcium, magnesium, iron, zinc and copper,
compositions of human milk from populations with
cereal and ‘enset’ based diets. Ethiop J Health Sci,
23, 90-97.
Matheson, M.C., Erbas, B., Balasuriya, A., Jenkins,
M.A., Wharton, C.L., Tang, M.L., Abramson, M.J.,
Walters, E.H., Hopper, J.L. & Dharmage, S.C.
(2007) Breast-feeding and atopic disease: a cohort
study from childhood to middle age. J Allergy Clin
Immunol, 120, 1051-1057.
Matricardi, P.M., Rosmini, F., Panetta, V., Ferrigno,
L. & Bonini, S. (2002) Hay fever and asthma in
relation to markers of infection in the United States.
J Allergy Clin Immunol, 110, 381-387.
McCance, R.A. (1962) Food, growth, and time. Lancet,
2, 671-676.
McGowan, C.A. & McAuliffe, F.M. (2012) Maternal
nutrient intakes and levels of energy underreporting
during early pregnancy. Eur J Clin Nutr, 66, 906913.
McKeever, T.M., Lewis, S.A., Smith, C. & Hubbard,
R. (2002) The importance of prenatal exposures on
the development of allergic disease: a birth cohort
study using the West Midlands General Practice
Database. Am J Respir Crit Care Med, 166, 827-832.
Mead, J.F. (1958) The metabolism of the essential fatty
acids. Am J Clin Nutr, 6, 656-661.
Metsälä, J., Lundqvist, A., Virta, L.J., Kaila, M.,
Gissler, M. & Virtanen, S.M. (2013) Mother’s and
offspring’s use of antibiotics and infant allergy to
cow’s milk. Epidemiology, 24, 303-309.
Mihrshahi, S., Ampon, R., Webb, K., Almqvist, C.,
Kemp, A.S., Hector, D., Marks, G.B. & CAPS Team.
(2007) The association between infant feeding
practices and subsequent atopy among children with
a family history of asthma. Clin Exp Allergy, 37,
671-679.
Miles, E.A., Noakes, P.S., Kremmyda, L.S., Vlachava,
M., Diaper, N.D., Rosenlund, G., Urwin, H., Yaqoob,
P., Rossary, A., Farges, M.C., Vasson, M.P., Liaset,
B., Frøyland, L., Helmersson, J., Basu, S., Garcia,
E., Olza, J., Mesa, M.D., Aguilera, C.M., Gil, A.,
Robinson, S.M., Inskip, H.M., Godfrey, K.M. &
Calder, P.C. (2011) The Salmon in Pregnancy Study:
study design, subject characteristics, maternal fish
and marine n-3 fatty acid intake, and marine n-3
fatty acid status in maternal and umbilical cord
blood. Am J Clin Nutr, 94, 1986S-1992S.

78

References

Miyake, Y., Okubo, H., Sasaki, S., Tanaka, K. &
Hirota, Y. (2011) Maternal dietary patterns during
pregnancy and risk of wheeze and eczema in
Japanese infants aged 16-24 months: the Osaka
Maternal and Child Health Study. Pediatr Allergy
Immunol, 22, 734-741.
Miyake, Y., Sasaki, S., Tanaka, K. & Hirota, Y. (2010a)
Consumption of vegetables, fruit, and antioxidants
during pregnancy and wheeze and eczema in infants.
Allergy, 65, 758-765.
Miyake, Y., Sasaki, S., Tanaka, K. & Hirota, Y.
(2010b) Dairy food, calcium and vitamin D intake in
pregnancy, and wheeze and eczema in infants. Eur
Respir J, 35, 1228-1234.
Moilanen, T., Nikkari, T., Räsänen, L., Viikari, J.,
Akerblom, H.K., Ahola, M., Dahl, M., Lähde,
P.L., Pesonen, E., Pietikäinen, M., Seppänen, A.,
Suoninen, P. & Uhari, M. (1983) Plasma cholesteryl
ester fatty acids in 3- and 12-year-old Finnish
children. Atherosclerosis, 48, 49-56.
Montes, R., Chisaguano, A.M., Castellote, A.I.,
Morales, E., Sunyer, J. & López-Sabater, M.C.
(2013) Fatty-acid composition of maternal and
umbilical cord plasma and early childhood atopic
eczema in a Spanish cohort. Eur J Clin Nutr, 67,
658-663.
Montgomery, C., Speake, B.K., Cameron, A., Sattar, N.
& Weaver, L.T. (2003) Maternal docosahexaenoic
acid supplementation and fetal accretion. Br J Nutr,
90, 135-145.
Mosconi, E., Rekima, A., Seitz-Polski, B., Kanda, A.,
Fleury, S., Tissandie, E., Monteiro, R., Dombrowicz,
D.D., Julia, V., Glaichenhaus, N. & Verhasselt, V.
(2010) Breast milk immune complexes are potent
inducers of oral tolerance in neonates and prevent
asthma development. Mucosal Immunol, 3, 461-474.
Murr, C., Schroecksnadel, K., Winkler, C.,
Ledochowski, M. & Fuchs, D. (2005) Antioxidants
may increase the probability of developing allergic
diseases and asthma. Med Hypotheses, 64, 973-977.
Myles, I.A., Pincus, N.B., Fontecilla, N.M. & Datta,
S.K. (2014) Effects of parental omega-3 Fatty Acid
intake on offspring microbiome and immunity. PLoS
One, 9, e87181.
Möhrenschlager, M., Schäfer, T., Huss-Marp, J.,
Eberlein-König, B., Weidinger, S., Ring, J.,
Behrendt, H. & Krämer, U. (2006) The course of
eczema in children aged 5-7 years and its relation
to atopy: differences between boys and girls. Br J
Dermatol, 154, 505-513.
Nakamura, Y., Miyata, M., Ohba, T., Ando, T.,
Hatsushika, K., Suenaga, F., Shimokawa, N.,
Ohnuma, Y., Katoh, R., Ogawa, H. & Nakao, A.

(2008) Cigarette smoke extract induces thymic
stromal lymphopoietin expression, leading to T(H)2type immune responses and airway inflammation. J
Allergy Clin Immunol, 122, 1208-1214.
Nermes, M., Niinivirta, K., Nylund, L., Laitinen, K.,
Matomäki, J., Salminen, S. & Isolauri, E. (2013)
Perinatal pet exposure, faecal microbiota, and
wheezy bronchitis: is there a connection? ISRN
Allergy, 2013, 827934.
Neurauter, G., Wirleitner, B., Schroecksnadel, K.,
Schennach, H. & Fuchs, D. (2004) Wine and grape
juice modulate biochemical pathways in stimulated
human peripheral blood mononuclear cells.
Pteridines, 1-6.
Newburg, D.S. (1999) Human milk glycoconjugates
that inhibit pathogens. Curr Med Chem, 6, 117-127.
Niers, L., Martín, R., Rijkers, G., Sengers, F.,
Timmerman, H., van Uden, N., Smidt, H., Kimpen,
J. & Hoekstra, M. (2009) The effects of selected
probiotic strains on the development of eczema (the
PandA study). Allergy, 64, 1349-1358.
Nikkari, T., Räsänen, L., Viikari, J., Akerblom, H.K.,
Vuori, I., Pyörälä, K., Uhari, M., Dahl, M., Lähde,
P.L., Pesonen, E. & Suoninen, P. (1983) Serum fatty
acids in 8-year-old Finnish boys: correlations with
qualitative dietary data and other serum lipids. Am J
Clin Nutr, 37, 848-854.
Nilsson, C., Linde, A., Montgomery, S.M., Gustafsson,
L., Näsman, P., Blomberg, M.T. & Lilja, G. (2005)
Does early EBV infection protect against IgE
sensitization? J Allergy Clin Immunol, 116, 438-444.
NNR (1996) Nordic Nutrition Recommendations.
Nordic Working Group on Diet and Nutrition, Scand
J Nutr, 40, 161-165.
NNR (2012) Nordic Nutrition Recommendations
2012. Nordic Council of Ministers 2013.
Noakes, P.S., Holt, P.G. & Prescott, S.L. (2003)
Maternal smoking in pregnancy alters neonatal
cytokine responses. Allergy, 58, 1053-1058.
Novak, N. & Bieber, T. (2003) Allergic and nonallergic
forms of atopic diseases. J Allergy Clin Immunol,
112, 252-262.
Nurmatov, U., Devereux, G. & Sheikh, A. (2011)
Nutrients and foods for the primary prevention of
asthma and allergy: systematic review and metaanalysis. J Allergy Clin Immunol, 127, 724-733.
e721-730.
Nurmatov, U., Nwaru, B.I., Devereux, G. & Sheikh,
A. (2012) Confounding and effect modification in
studies of diet and childhood asthma and allergies.
Allergy, 67, 1041-1059.

References
Nwaru, B.I., Erkkola, M., Ahonen, S., Kaila, M.,
Haapala, A.M., Kronberg-Kippilä, C., Salmelin,
R., Veijola, R., Ilonen, J., Simell, O., Knip, M. &
Virtanen, S.M. (2010) Age at the introduction
of solid foods during the first year and allergic
sensitization at age 5 years. Pediatrics, 125, 50-59.
Nwaru, B.I., Erkkola, M., Ahonen, S., Kaila, M.,
Lumia, M., Prasad, M., Haapala, A.M., KronbergKippilä, C., Veijola, R., Ilonen, J., Simell, O., Knip,
M. & Virtanen, S.M. (2011) Maternal diet during
lactation and allergic sensitization in the offspring
at age of 5. Pediatr Allergy Immunol, 22, 334-341.
Oddy, W.H. (2009) The long-term effects of
breastfeeding on asthma and atopic disease. Adv Exp
Med Biol, 639, 237-251.
Oddy, W.H., Holt, P.G., Sly, P.D., Read, A.W.,
Landau, L.I., Stanley, F.J., Kendall, G.E. & Burton,
P.R. (1999) Association between breast feeding
and asthma in 6 year old children: findings of a
prospective birth cohort study. BMJ, 319, 815-819.
Okamoto, N., Murata, T., Tamai, H., Tanaka, H. &
Nagai, H. (2006) Effects of alpha tocopherol and
probucol supplements on allergen-induced airway
inflammation and hyperresponsiveness in a mouse
model of allergic asthma. Int Arch Allergy Immunol,
141, 172-180.
Olsen, S.F., Osterdal, M.L., Salvig, J.D., Mortensen,
L.M., Rytter, D., Secher, N.J. & Henriksen, T.B.
(2008) Fish oil intake compared with olive oil intake
in late pregnancy and asthma in the offspring: 16
y of registry-based follow-up from a randomized
controlled trial. Am J Clin Nutr, 88, 167-175.

79

randomized, double-blind, placebo-controlled trial.
Clin Exp Allergy, 42, 1386-1396.
Palmer, D.J., Gold, M.S. & Makrides, M. (2005) Effect
of cooked and raw egg consumption on ovalbumin
content of human milk: a randomized, double-blind,
cross-over trial. Clin Exp Allergy, 35, 173-178.
Palmer, D.J., Metcalfe, J. & Prescott, S.L. (2012a)
Preventing disease in the 21st century: The
importance of maternal and early infant diet and
nutrition. J Allergy Clin Immunol.
Palmer, D.J. & Prescott, S.L. (2012) Does early
feeding promote development of oral tolerance?
Curr Allergy Asthma Rep, 12, 321-331.
Palmer, D.J., Sullivan, T., Gold, M.S., Prescott, S.L.,
Heddle, R., Gibson, R.A. & Makrides, M. (2012b)
Effect of n-3 long chain polyunsaturated fatty acid
supplementation in pregnancy on infants’ allergies
in first year of life: randomised controlled trial. BMJ,
344, e184.
Palmer, D.J., Sullivan, T., Gold, M.S., Prescott,
S.L., Heddle, R., Gibson, R.A. & Makrides,
M. (2013) Randomized controlled trial of fish
oil supplementation in pregnancy on childhood
allergies. Allergy, 68, 1370-1376.
Pawankar, R., Canonica, G., Holgate, S. & Lockey,
R. (eds) (2011) World Allergy Organization (WAO)
white book on allergy. World Health Organization
(WHO), Milwaukee (WI).
Pawlosky, R., Hibbeln, J., Lin, Y. & Salem, N. (2003)
n-3 fatty acid metabolism in women. Br J Nutr, 90,
993-994; discussion 994-995.

Ortega-Senovilla, H., Alvino, G., Taricco, E., Cetin, I.
& Herrera, E. (2009) Gestational diabetes mellitus
upsets the proportion of fatty acids in umbilical
arterial but not venous plasma. Diabetes Care, 32,
120-122.

Pelucchi, C., Chatenoud, L., Turati, F., Galeone,
C., Moja, L., Bach, J.F. & La Vecchia, C. (2012)
Probiotics supplementation during pregnancy or
infancy for the prevention of atopic dermatitis: a
meta-analysis. Epidemiology, 23, 402-414.

Osborn, D.A. & Sinn, J. (2006) Formulas containing
hydrolysed protein for prevention of allergy and
food intolerance in infants. Cochrane Database Syst
Rev, CD003664.

Pelucchi, C., Galeone, C., Bach, J.F., La Vecchia, C. &
Chatenoud, L. (2013) Pet exposure and risk of atopic
dermatitis at the pediatric age: A meta-analysis of
birth cohort studies. J Allergy Clin Immunol, 132,
616-622.

Osborn, D.A. & Sinn, J.K. (2007) Probiotics in
infants for prevention of allergic disease and food
hypersensitivity. Cochrane Database Syst Rev,
CD006475.
Osborn, D.A. & Sinn, J.K. (2013) Prebiotics in infants
for prevention of allergy. Cochrane Database Syst
Rev, 3, CD006474.
Ou, C.Y., Kuo, H.C., Wang, L., Hsu, T.Y., Chuang,
H., Liu, C.A., Chang, J.C., Yu, H.R. & Yang, K.D.
(2012) Prenatal and postnatal probiotics reduces
maternal but not childhood allergic diseases: a

Penders, J., Stobberingh, E.E., Thijs, C., Adams, H.,
Vink, C., van Ree, R. & van den Brandt, P.A. (2006a)
Molecular fingerprinting of the intestinal microbiota
of infants in whom atopic eczema was or was not
developing. Clin Exp Allergy, 36, 1602-1608.
Penders, J., Thijs, C., van den Brandt, P.A.,
Kummeling, I., Snijders, B., Stelma, F., Adams,
H., van Ree, R. & Stobberingh, E.E. (2007) Gut
microbiota composition and development of atopic
manifestations in infancy: the KOALA Birth Cohort
Study. Gut, 56, 661-667.

80

References

Penders, J., Thijs, C., Vink, C., Stelma, F.F., Snijders,
B., Kummeling, I., van den Brandt, P.A. &
Stobberingh, E.E. (2006b) Factors influencing the
composition of the intestinal microbiota in early
infancy. Pediatrics, 118, 511-521.
Penttila, I.A. (2010) Milk-derived transforming growth
factor-beta and the infant immune response. J
Pediatr, 156, S21-25.
Perera, F., Tang, W.Y., Herbstman, J., Tang, D.,
Levin, L., Miller, R. & Ho, S.M. (2009) Relation
of DNA methylation of 5’-CpG island of ACSL3
to transplacental exposure to airborne polycyclic
aromatic hydrocarbons and childhood asthma. PLoS
One, 4, e4488.
Pesonen, M., Kallio, M.J., Ranki, A. & Siimes,
M.A. (2006) Prolonged exclusive breastfeeding
is associated with increased atopic dermatitis: a
prospective follow-up study of unselected healthy
newborns from birth to age 20 years. Clin Exp
Allergy, 36, 1011-1018.
Peters, J.L., Boynton-Jarrett, R. & Sandel, M. (2013)
Prenatal environmental factors influencing IgE
levels, atopy and early asthma. Curr Opin Allergy
Clin Immunol, 13, 187-192.
Peters, J.L., Suglia, S.F., Platts-Mills, T.A., Hosen,
J., Gold, D.R. & Wright, R.J. (2009) Relationships
among prenatal aeroallergen exposure and maternal
and cord blood IgE: project ACCESS. J Allergy Clin
Immunol, 123, 1041-1046.
Picciano, M.F. (2001) Nutrient composition of human
milk. Pediatr Clin North Am, 48, 53-67.
Pietiläinen, K.H., Korkeila, M., Bogl, L.H., Westerterp,
K.R., Yki-Järvinen, H., Kaprio, J. & Rissanen, A.
(2010) Inaccuracies in food and physical activity
diaries of obese subjects: complementary evidence
from doubly labeled water and co-twin assessments.
Int J Obes (Lond), 34, 437-445.
Piirainen, T., Isolauri, E., Lagstrom, H. & Laitinen,
K. (2006) Impact of dietary counselling on nutrient
intake during pregnancy: a prospective cohort study.
Br J Nutr, 96, 1095-1104.
Pineiro, M., Asp, N.G., Reid, G., Macfarlane, S.,
Morelli, L., Brunser, O. & Tuohy, K. (2008)
FAO Technical meeting on prebiotics. J Clin
Gastroenterol, 42 Suppl 3 Pt 2, S156-159.
Prescott, S. & Nowak-Węgrzyn, A. (2011) Strategies to
prevent or reduce allergic disease. Ann Nutr Metab,
59 Suppl 1, 28-42.
Prescott, S.L. (2003) Early origins of allergic disease:
a review of processes and influences during early
immune development. Curr Opin Allergy Clin
Immunol, 3, 125-132.

Prescott, S.L. & Björkstén, B. (2007) Probiotics for
the prevention or treatment of allergic diseases. J
Allergy Clin Immunol, 120, 255-262.
Prescott, S.L., Smith, P., Tang, M., Palmer, D.J., Sinn,
J., Huntley, S.J., Cormack, B., Heine, R.G., Gibson,
R.A. & Makrides, M. (2008) The importance of
early complementary feeding in the development of
oral tolerance: concerns and controversies. Pediatr
Allergy Immunol, 19, 375-380.
Prescott, S.L., Tang, M.L. & Australasian Society
of Clinical Immunology and Allergy. (2005) The
Australasian Society of Clinical Immunology and
Allergy position statement: Summary of allergy
prevention in children. Med J Aust, 182, 464-467.
Proietti, E., Röösli, M., Frey, U. & Latzin, P. (2013) Air
pollution during pregnancy and neonatal outcome: a
review. J Aerosol Med Pulm Drug Deliv, 26, 9-23.
Puddu, P., Valenti, P. & Gessani, S. (2009)
Immunomodulatory effects of lactoferrin on antigen
presenting cells. Biochimie, 91, 11-18.
Pöysä, L., Korppi, M., Remes, K. & JuntunenBackman, K. (1991) Atopy in childhood and diet
in infancy. A nine-year follow-up study. I. Clinical
manifestations. Allergy Proc, 12, 107-111.
Rautava, S., Arvilommi, H. & Isolauri, E. (2006)
Specific probiotics in enhancing maturation of IgA
responses in formula-fed infants. Pediatr Res, 60,
221-224.
Rautava, S., Collado, M.C., Salminen, S. & Isolauri,
E. (2012a) Probiotics modulate host-microbe
interaction in the placenta and fetal gut: a
randomized, double-blind, placebo-controlled trial.
Neonatology, 102, 178-184.
Rautava, S., Kainonen, E., Salminen, S. & Isolauri, E.
(2012b) Maternal probiotic supplementation during
pregnancy and breast-feeding reduces the risk of
eczema in the infant. J Allergy Clin Immunol, 130,
1355-1360.
Rautava, S., Kalliomäki, M. & Isolauri, E. (2002)
Probiotics during pregnancy and breast-feeding
might confer immunomodulatory protection against
atopic disease in the infant. J Allergy Clin Immunol,
109, 119-121.
Reece, P., Thanendran, A., Crawford, L., Tulic, M.K.,
Thabane, L., Prescott, S.L., Sehmi, R. & Denburg,
J.A. (2011) Maternal allergy modulates cord
blood hematopoietic progenitor Toll-like receptor
expression and function. J Allergy Clin Immunol,
127, 447-453.
Riedler, J., Braun-Fahrländer, C., Eder, W., Schreuer,
M., Waser, M., Maisch, S., Carr, D., Schierl, R.,
Nowak, D., von Mutius, E. & ALEX Study Team.

References
(2001) Exposure to farming in early life and
development of asthma and allergy: a cross-sectional
survey. Lancet, 358, 1129-1133.
Rijkers, G.T., Bengmark, S., Enck, P., Haller, D., Herz,
U., Kalliomaki, M., Kudo, S., Lenoir-Wijnkoop, I.,
Mercenier, A., Myllyluoma, E., Rabot, S., Rafter, J.,
Szajewska, H., Watzl, B., Wells, J., Wolvers, D. &
Antoine, J.M. (2010) Guidance for substantiating the
evidence for beneficial effects of probiotics: current
status and recommendations for future research. J
Nutr, 140, 671S-676S.
Rocquelin, G., Tapsoba, S., Dop, M.C., Mbemba,
F., Traissac, P. & Martin-Prével, Y. (1998) Lipid
content and essential fatty acid (EFA) composition
of mature Congolese breast milk are influenced by
mothers’ nutritional status: impact on infants’ EFA
supply. Eur J Clin Nutr, 52, 164-171.
Romieu, I., Torrent, M., Garcia-Esteban, R., Ferrer,
C., Ribas-Fito, N., Anto, J.M. & Sunyer, J. (2007a)
Maternal fish intake during pregnancy and atopy and
asthma in infancy. Clin Exp Allergy, 37, 518-525.
Romieu, I., Torrent, M., Garcia-Esteban, R., Ferrer,
C., Ribas-Fitó, N., Antó, J.M. & Sunyer, J. (2007b)
Maternal fish intake during pregnancy and atopy and
asthma in infancy. Clin Exp Allergy, 37, 518-525.
Rusu, D., Drouin, R., Pouliot, Y., Gauthier, S. &
Poubelle, P.E. (2009) A bovine whey protein extract
can enhance innate immunity by priming normal
human blood neutrophils. J Nutr, 139, 386-393.
Rusu, D., Drouin, R., Pouliot, Y., Gauthier, S. &
Poubelle, P.E. (2010) A bovine whey protein extract
stimulates human neutrophils to generate bioactive
IL-1Ra through a NF-kappaB- and MAPKdependent mechanism. J Nutr, 140, 382-391.
Saarinen, U.M. & Kajosaari, M. (1995) Breastfeeding
as prophylaxis against atopic disease: prospective
follow-up study until 17 years old. Lancet, 346,
1065-1069.
Saito, K., Yokoyama, T., Miyake, Y., Sasaki, S.,
Tanaka, K., Ohya, Y. & Hirota, Y. (2010) Maternal
meat and fat consumption during pregnancy and
suspected atopic eczema in Japanese infants aged
3-4 months: the Osaka Maternal and Child Health
Study. Pediatr Allergy Immunol, 21, 38-46.
Sala-Vila, A., Miles, E.A. & Calder, P.C. (2008) Fatty
acid composition abnormalities in atopic disease:
evidence explored and role in the disease process
examined. Clin Exp Allergy, 38, 1432-1450.
Salminen, S., Bouley, C., Boutron-Ruault, M.C.,
Cummings, J.H., Franck, A., Gibson, G.R., Isolauri,
E., Moreau, M.C., Roberfroid, M. & Rowland, I.
(1998) Functional food science and gastrointestinal

81

physiology and function. Br J Nutr, 80 Suppl 1,
S147-171.
Salminen, S., Gibson, G.R., McCartney, A.L. &
Isolauri, E. (2004) Influence of mode of delivery
on gut microbiota composition in seven year old
children. Gut, 53, 1388-1389.
Sanjurjo, P., Ruiz-Sanz, J.I., Jimeno, P., AldamizEchevarria, L., Aquino, L., Matorras, R., Esteban,
J. & Banque, M. (2004) Supplementation with
docosahexaenoic acid in the last trimester of
pregnancy: maternal-fetal biochemical findings. J
Perinat Med, 32, 132-136.
Satokari, R., Grönroos, T., Laitinen, K., Salminen,
S. & Isolauri, E. (2009) Bifidobacterium and
Lactobacillus DNA in the human placenta. Lett Appl
Microbiol, 48, 8-12.
Sausenthaler, S., Koletzko, S., Schaaf, B., Lehmann, I.,
Borte, M., Herbarth, O., von Berg, A., Wichmann,
H.E., Heinrich, J. & LISA Study Group. (2007)
Maternal diet during pregnancy in relation to
eczema and allergic sensitization in the offspring at
2 y of age. Am J Clin Nutr, 85, 530-537.
Sausenthaler, S., Kompauer, I., Borte, M., Herbarth,
O., Schaaf, B., Berg, A., Zutavern, A., Heinrich, J.
& LISA Study Group. (2006) Margarine and butter
consumption, eczema and allergic sensitization
in children. The LISA birth cohort study. Pediatr
Allergy Immunol, 17, 85-93.
Scagliusi, F.B., Polacow, V.O., Artioli, G.G., Benatti,
F.B. & Lancha, A.H. (2003) Selective underreporting
of energy intake in women: magnitude, determinants,
and effect of training. J Am Diet Assoc, 103, 13061313.
Schäfer, T., Krämer, U., Vieluf, D., Abeck, D.,
Behrendt, H. & Ring, J. (2000) The excess of atopic
eczema in East Germany is related to the intrinsic
type. Br J Dermatol, 143, 992-998.
Sears, M.R., Greene, J.M., Willan, A.R., Taylor,
D.R., Flannery, E.M., Cowan, J.O., Herbison, G.P.
& Poulton, R. (2002) Long-term relation between
breastfeeding and development of atopy and asthma
in children and young adults: a longitudinal study.
Lancet, 360, 901-907.
Seaton, A., Godden, D.J. & Brown, K. (1994) Increase
in asthma: a more toxic environment or a more
susceptible population? Thorax, 49, 171-174.
Serhan, C.N. (2005) Novel eicosanoid and
docosanoid mediators: resolvins, docosatrienes, and
neuroprotectins. Curr Opin Clin Nutr Metab Care,
8, 115-121.
Serra-Majem, L., Nissensohn, M., Øverby, N.C. &
Fekete, K. (2012) Dietary methods and biomarkers

82

References

of omega 3 fatty acids: a systematic review. Br J
Nutr, 107 Suppl 2, S64-76.

Strachan, D.P. (1989) Hay fever, hygiene, and
household size. BMJ, 299, 1259-1260.

Shaheen, S.O., Northstone, K., Newson, R.B., Emmett,
P.M., Sherriff, A. & Henderson, A.J. (2009) Dietary
patterns in pregnancy and respiratory and atopic
outcomes in childhood. Thorax, 64, 411-417.

Strachan, D.P. (2000) Family size, infection and atopy:
the first decade of the “hygiene hypothesis”. Thorax,
55 Suppl 1, S2-10.

Sicherer, S.H., Wood, R.A. & American Academy of
Pediatrics Section On Allergy And Immunology.
(2012) Allergy testing in childhood: using allergenspecific IgE tests. Pediatrics, 129, 193-197.
Sigurs, N., Bjarnason, R., Sigurbergsson, F.,
Kjellman, B. & Björkstén, B. (1995) Asthma and
immunoglobulin E antibodies after respiratory
syncytial virus bronchiolitis: a prospective cohort
study with matched controls. Pediatrics, 95, 500505.
Simons, F.E.R. (1994) Ancestors of Allergy. Global
Medical Communications.
Singhal, A., Cole, T.J., Fewtrell, M., Deanfield, J. &
Lucas, A. (2004a) Is slower early growth beneficial
for long-term cardiovascular health? Circulation,
109, 1108-1113.
Singhal, A., Cole, T.J., Fewtrell, M. & Lucas, A.
(2004b) Breastmilk feeding and lipoprotein profile in
adolescents born preterm: follow-up of a prospective
randomised study. Lancet, 363, 1571-1578.
Singhal, A., Cole, T.J. & Lucas, A. (2001) Early
nutrition in preterm infants and later blood pressure:
two cohorts after randomised trials. Lancet, 357,
413-419.
Singhal, A., Farooqi, I.S., O’Rahilly, S., Cole, T.J.,
Fewtrell, M. & Lucas, A. (2002) Early nutrition and
leptin concentrations in later life. Am J Clin Nutr,
75, 993-999.
Sjögren, Y.M., Jenmalm, M.C., Böttcher, M.F.,
Björkstén, B. & Sverremark-Ekström, E. (2009)
Altered early infant gut microbiota in children
developing allergy up to 5 years of age. Clin Exp
Allergy, 39, 518-526.
Snijders, B.E., Thijs, C., van Ree, R. & van den Brandt,
P.A. (2008) Age at first introduction of cow milk
products and other food products in relation to infant
atopic manifestations in the first 2 years of life: the
KOALA Birth Cohort Study. Pediatrics, 122, e115122.
Soh, S.E., Aw, M., Gerez, I., Chong, Y.S., Rauff, M.,
Ng, Y.P., Wong, H.B., Pai, N., Lee, B.W. & Shek,
L.P. (2009) Probiotic supplementation in the first
6 months of life in at risk Asian infants--effects on
eczema and atopic sensitization at the age of 1 year.
Clin Exp Allergy, 39, 571-578.

Stsepetova, J., Sepp, E., Julge, K., Vaughan, E.,
Mikelsaar, M. & de Vos, W.M. (2007) Molecularly
assessed shifts of Bifidobacterium ssp. and less
diverse microbial communities are characteristic of
5-year-old allergic children. FEMS Immunol Med
Microbiol, 51, 260-269.
Tamari, M., Tanaka, S. & Hirota, T. (2013) Genomewide association studies of allergic diseases.
Allergol Int, 62, 21-28.
Taylor, A.L., Dunstan, J.A. & Prescott, S.L. (2007)
Probiotic supplementation for the first 6 months
of life fails to reduce the risk of atopic dermatitis
and increases the risk of allergen sensitization in
high-risk children: a randomized controlled trial. J
Allergy Clin Immunol, 119, 184-191.
Thavagnanam, S., Fleming, J., Bromley, A., Shields,
M.D. & Cardwell, C.R. (2008) A meta-analysis
of the association between Caesarean section and
childhood asthma. Clin Exp Allergy, 38, 629-633.
THL (2014a) Fineli ® - Finnish Food Composition
Database.
National
Institute
for
Health
and
Welfare,
http://www.fineli.fi/food.
php?foodid=11695&lang=fi. Accessed March 2014.
THL (2014b) Fineli ® - Finnish Food Composition
Database. National Institute for Health and Welfare,
http://www.fineli.fi/food.php?foodid=871&lang=fi.
Accessed March 2014.
THL (2014c) Fineli ® - Finnish Food Composition
Database. National Institute for Health and
Welfare,
http://www.fineli.fi/component.
php?compid=2270&lang=fi. Accessed March 2014.
Tilley, S.L., Coffman, T.M. & Koller, B.H. (2001)
Mixed messages: modulation of inflammation
and immune responses by prostaglandins and
thromboxanes. J Clin Invest, 108, 15-23.
Trak-Fellermeier, M.A., Brasche, S., Winkler, G.,
Koletzko, B. & Heinrich, J. (2004) Food and fatty
acid intake and atopic disease in adults. Eur Respir
J, 23, 575-582.
Turnbaugh, P.J., Hamady, M., Yatsunenko, T.,
Cantarel, B.L., Duncan, A., Ley, R.E., Sogin, M.L.,
Jones, W.J., Roe, B.A., Affourtit, J.P., Egholm, M.,
Henrissat, B., Heath, A.C., Knight, R. & Gordon,
J.I. (2009) A core gut microbiome in obese and lean
twins. Nature, 457, 480-484.
Urwin, H.J., Miles, E.A., Noakes, P.S., Kremmyda,
L.S., Vlachava, M., Diaper, N.D., Pérez-Cano, F.J.,

References
Godfrey, K.M., Calder, P.C. & Yaqoob, P. (2012)
Salmon Consumption during Pregnancy Alters Fatty
Acid Composition and Secretory IgA Concentration
in Human Breast Milk. J Nutr, 142, 1603-1610.
Vaahtovuo, J., Munukka, E., Korkeamäki, M.,
Luukkainen, R. & Toivanen, P. (2008) Fecal
microbiota in early rheumatoid arthritis. J
Rheumatol, 35, 1500-1505.
van Abeelen, A.F., Elias, S.G., Bossuyt, P.M., Grobbee,
D.E., van der Schouw, Y.T., Roseboom, T.J. &
Uiterwaal, C.S. (2012a) Famine exposure in the
young and the risk of type 2 diabetes in adulthood.
Diabetes, 61, 2255-2260.
van Abeelen, A.F., Elias, S.G., Roseboom, T.J.,
Bossuyt, P.M., van der Schouw, Y.T., Grobbee, D.E.
& Uiterwaal, C.S. (2012b) Postnatal acute famine
and risk of overweight: the dutch hungerwinter
study. Int J Pediatr, 2012, 936509.
van Nimwegen, F.A., Penders, J., Stobberingh, E.E.,
Postma, D.S., Koppelman, G.H., Kerkhof, M.,
Reijmerink, N.E., Dompeling, E., van den Brandt,
P.A., Ferreira, I., Mommers, M. & Thijs, C. (2011)
Mode and place of delivery, gastrointestinal
microbiota, and their influence on asthma and atopy.
J Allergy Clin Immunol, 128, 948-955.e941-943.
van Odijk, J., Kull, I., Borres, M.P., Brandtzaeg, P.,
Edberg, U., Hanson, L.A., Høst, A., Kuitunen,
M., Olsen, S.F., Skerfving, S., Sundell, J. & Wille,
S. (2003) Breastfeeding and allergic disease: a
multidisciplinary review of the literature (19662001) on the mode of early feeding in infancy and
its impact on later atopic manifestations. Allergy, 58,
833-843.
Vance, G.H., Lewis, S.A., Grimshaw, K.E., Wood,
P.J., Briggs, R.A., Thornton, C.A. & Warner, J.O.
(2005) Exposure of the fetus and infant to hens’
egg ovalbumin via the placenta and breast milk in
relation to maternal intake of dietary egg. Clin Exp
Allergy, 35, 1318-1326.
Vassallo, M.F. & Camargo, C.A. (2010) Potential
mechanisms for the hypothesized link between
sunshine, vitamin D, and food allergy in children. J
Allergy Clin Immunol, 126, 217-222.
Velzing-Aarts, F.V., van der Klis, F.R., van der Dijs,
F.P., van Beusekom, C.M., Landman, H., Capello,
J.J. & Muskiet, F.A. (2001) Effect of three low-dose
fish oil supplements, administered during pregnancy,
on neonatal long-chain polyunsaturated fatty acid
status at birth. Prostaglandins Leukot Essent Fatty
Acids, 65, 51-57.
Virtanen, S.M., Kaila, M., Pekkanen, J., Kenward,
M.G., Uusitalo, U., Pietinen, P., Kronberg-Kippilä,
C., Hakulinen, T., Simell, O., Ilonen, J., Veijola,
R. & Knip, M. (2010) Early introduction of oats

83

associated with decreased risk of persistent asthma
and early introduction of fish with decreased risk of
allergic rhinitis. Br J Nutr, 103, 266-273.
von Berg, A., Filipiak-Pittroff, B., Krämer, U.,
Hoffmann, B., Link, E., Beckmann, C., Hoffmann,
U., Reinhardt, D., Grübl, A., Heinrich, J., Wichmann,
H.E., Bauer, C.P., Koletzko, S., Berdel, D. &
GINIplus study group (2013) Allergies in high-risk
schoolchildren after early intervention with cow’s
milk protein hydrolysates: 10-year results from
the German Infant Nutritional Intervention (GINI)
study. J Allergy Clin Immunol, 131, 1565-1573.
von Berg, A., Filipiak-Pittroff, B., Krämer, U., Link,
E., Bollrath, C., Brockow, I., Koletzko, S., Grübl,
A., Heinrich, J., Wichmann, H.E., Bauer, C.P.,
Reinhardt, D., Berdel, D. & GINIplus study group.
(2008) Preventive effect of hydrolyzed infant
formulas persists until age 6 years: long-term results
from the German Infant Nutritional Intervention
Study (GINI). J Allergy Clin Immunol, 121, 14421447.
Von Ehrenstein, O.S., Von Mutius, E., Illi, S., Baumann,
L., Böhm, O. & von Kries, R. (2000) Reduced risk
of hay fever and asthma among children of farmers.
Clin Exp Allergy, 30, 187-193.
von Hertzen, L. & Haahtela, T. (2005) Signs of
reversing trends in prevalence of asthma. Allergy,
60, 283-292.
von Hertzen, L., Mäkelä, M.J., Petäys, T., Jousilahti,
P., Kosunen, T.U., Laatikainen, T., Vartiainen, E.
& Haahtela, T. (2006) Growing disparities in atopy
between the Finns and the Russians: a comparison
of 2 generations. J Allergy Clin Immunol, 117, 151157.
von Mutius, E. (2012) Maternal farm exposure/
ingestion of unpasteurized cow’s milk and allergic
disease. Curr Opin Gastroenterol, 28, 570-576.
von Mutius, E. & Vercelli, D. (2010) Farm living:
effects on childhood asthma and allergy. Nat Rev
Immunol, 10, 861-868.
von Mutius, E., Weiland, S.K., Fritzsch, C., Duhme, H.
& Keil, U. (1998) Increasing prevalence of hay fever
and atopy among children in Leipzig, East Germany.
Lancet, 351, 862-866.
von Pirquet, C. (1906) Allergie. Münch Med
Wochenschr, 1457–1458.
Waite, D.A., Eyles, E.F., Tonkin, S.L. & O’Donnell,
T.V. (1980) Asthma prevalence in Tokelauan
children in two environments. Clin Allergy, 10, 7175.
Walker, A. (2010) Breast milk as the gold standard for
protective nutrients. J Pediatr, 156, S3-7.

84

References

Wang, M., Karlsson, C., Olsson, C., Adlerberth, I.,
Wold, A.E., Strachan, D.P., Martricardi, P.M.,
Aberg, N., Perkin, M.R., Tripodi, S., Coates, A.R.,
Hesselmar, B., Saalman, R., Molin, G. & Ahrné,
S. (2008) Reduced diversity in the early fecal
microbiota of infants with atopic eczema. J Allergy
Clin Immunol, 121, 129-134.
Warner, J.A., Jones, C.A., Jones, A.C. & Warner, J.O.
(2000) Prenatal origins of allergic disease. J Allergy
Clin Immunol, 105, S493-498.
Watanabe, S., Narisawa, Y., Arase, S., Okamatsu, H.,
Ikenaga, T., Tajiri, Y. & Kumemura, M. (2003)
Differences in fecal microflora between patients
with atopic dermatitis and healthy control subjects. J
Allergy Clin Immunol, 111, 587-591.
Waterland, R.A. & Michels, K.B. (2007) Epigenetic
epidemiology of the developmental origins
hypothesis. Annu Rev Nutr, 27, 363-388.
West, C.E., D’Vaz, N. & Prescott, S.L. (2011) Dietary
immunomodulatory factors in the development of
immune tolerance. Curr Allergy Asthma Rep, 11,
325-333.
West, C.E., Hammarström, M.L. & Hernell, O. (2009)
Probiotics during weaning reduce the incidence of
eczema. Pediatr Allergy Immunol, 20, 430-437.
West, C.E., Videky, D.J. & Prescott, S.L. (2010) Role
of diet in the development of immune tolerance in
the context of allergic disease. Curr Opin Pediatr,
22, 635-641.
Whitrow, M.J., Moore, V.M., Rumbold, A.R. & Davies,
M.J. (2009) Effect of supplemental folic acid in
pregnancy on childhood asthma: a prospective birth
cohort study. Am J Epidemiol, 170, 1486-1493.

Wickens, K., Stanley, T.V., Mitchell, E.A., Barthow,
C., Fitzharris, P., Purdie, G., Siebers, R., Black,
P.N. & Crane, J. (2013) Early supplementation with
Lactobacillus rhamnosus HN001 reduces eczema
prevalence to 6 years: does it also reduce atopic
sensitization? Clin Exp Allergy, 43, 1048-1057.
Willers, S.M., Devereux, G., Craig, L.C., McNeill,
G., Wijga, A.H., Abou El-Magd, W., Turner,
S.W., Helms, P.J. & Seaton, A. (2007) Maternal
food consumption during pregnancy and asthma,
respiratory and atopic symptoms in 5-year-old
children. Thorax, 62, 773-779.
Willers, S.M., Wijga, A.H., Brunekreef, B., Kerkhof,
M., Gerritsen, J., Hoekstra, M.O., de Jongste, J.C.
& Smit, H.A. (2008) Maternal food consumption
during pregnancy and the longitudinal development
of childhood asthma. Am J Respir Crit Care Med,
178, 124-131.
Willett, W.C. (1998) Invited commentary: comparison
of food frequency questionnaires. Am J Epidemiol,
148, 1157-1159; discussion 1162-1155.
Wills-Karp, M., Santeliz, J. & Karp, C.L. (2001) The
germless theory of allergic disease: revisiting the
hygiene hypothesis. Nat Rev Immunol, 1, 69-75.
Winder, N.R., Krishnaveni, G.V., Veena, S.R., Hill,
J.C., Karat, C.L., Thornburg, K.L., Fall, C.H. &
Barker, D.J. (2011) Mother’s lifetime nutrition
and the size, shape and efficiency of the placenta.
Placenta, 32, 806-810.
Wright, A.L., Holberg, C.J., Taussig, L.M. & Martinez,
F. (2000) Maternal asthma status alters relation of
infant feeding to asthma in childhood. Adv Exp Med
Biol, 478, 131-137.

WHO (1991) World Health Organization. Indicators
for Assessing Breast-Feeding Practices. WHO
Document WHO/CDD/SER, Geneva, Switzerland.

Wright, A.L., Stern, D.A. & Halonen, M. (2001) The
association of allergic sensitization in mother and
child in breast-fed and formula-fed infants. Adv Exp
Med Biol, 501, 249-255.

WHO (2001) World Health Organization. Optimal
duration of exclusive breastfeeding Report of the
expert consultation. World Health Organization,
Geneva, Switzerland.

Zeiger, R.S. (2003) Food allergen avoidance in the
prevention of food allergy in infants and children.
Pediatrics, 111, 1662-1671.

Wickens, K., Black, P., Stanley, T.V., Mitchell, E.,
Barthow, C., Fitzharris, P., Purdie, G. & Crane,
J. (2012) A protective effect of Lactobacillus
rhamnosus HN001 against eczema in the first 2
years of life persists to age 4 years. Clin Exp Allergy,
42, 1071-1079.
Wickens, K., Black, P.N., Stanley, T.V., Mitchell, E.,
Fitzharris, P., Tannock, G.W., Purdie, G., Crane, J. &
Probiotic Study Group. (2008) A differential effect of
2 probiotics in the prevention of eczema and atopy: a
double-blind, randomized, placebo-controlled trial.
J Allergy Clin Immunol, 122, 788-794.

Zeiger, R.S., Heller, S., Mellon, M.H., Forsythe,
A.B., O’Connor, R.D., Hamburger, R.N. & Schatz,
M. (1989) Effect of combined maternal and infant
food-allergen avoidance on development of atopy
in early infancy: a randomized study. J Allergy Clin
Immunol, 84, 72-89.
Zheng, K., Adjei, A., Shinjo, M., Shinjo, S., Todoriki,
H. & Ariizumi, M. (1999) Effect of dietary vitamin
E supplementation on murine nasal allergy. The
American Journal of the Medical Sciences, 318, 4954.

References
Zhu, D.L., Yang, W.X. & Yang, H.M. (2010) Meta
analysis of lactic acid bacteria as probiotics for the
primary prevention of infantile eczema. Zhongguo
Dang Dai Er Ke Za Zhi, 12, 734-739.
Zutavern, A., Brockow, I., Schaaf, B., Bolte, G.,
von Berg, A., Diez, U., Borte, M., Herbarth, O.,
Wichmann, H.E., Heinrich, J. & Group, L.S. (2006)
Timing of solid food introduction in relation to

85

atopic dermatitis and atopic sensitization: results
from a prospective birth cohort study. Pediatrics,
117, 401-411.
Zutavern, A., von Mutius, E., Harris, J., Mills, P.,
Moffatt, S., White, C. & Cullinan, P. (2004) The
introduction of solids in relation to asthma and
eczema. Arch Dis Child, 89, 303-308.

86

Appendix

APPENDIX
Intake of nutrients and foods during lactation. The lower tertile (33rd percentile) and the upper tertile (67th percentile)
divide the subjects into three categories, low intake (<33rd percentile), medium intake (33rd percentile - 67th percentile)
and high intake (>67th percentile), each containing a third of the population of 227 lactating women.
a) Nutrients
Carbohydrate, E%
Carbohydrate, g
Protein, E%
Protein, g
Total fat, E%
Total fat, g
SFA, E%
SFA, g
MUFA, E%
MUFA, g
PUFA, E%
PUFA, g
18:2n-6, LA
18:3n-3, ALA
Fiber, g
C vitamin, mg
D vitamin, μg
E vitamin, mg
Folate, μg
Zinc, mg
b) Foods (g)
Fruits and berries
Vegetables
Meat
Fish
Fish g/week
All milk products
Milk
Cheese
Margarine
Butter
Oil
Egg

Median
48.6
235
16.7
81.5
33.0
70.4
12.5
27.3
11.2
24.5
5.8
12.6
9.7
2.0
19.0
104
5.4
9.9
273
11.8

Range
31.9-61.4
103-412
10.3-28.8
30.8-148
20.7-46.9
18.2-133
5.9-20.9
6.1-56.6
5.6-19.5
6.8-44.3
2.2-10.2
3.3-25.3
1.5-21.7
0.4-5.4
6.3-50.9
9.0-327
0.7-23.8
3.1-19.3
109-639
5.2-19.5

Lower tertile
46.6
211
15.9
74.3
30.8
63.3
11.3
23.5
10.4
21.2
5.2
10.6
8.4
1.7
16.7
78.2
4.5
8.5
246
10.7

Upper tertile
50.9
263
18.1
89.8
35.0
79.9
13.5
31.1
12.2
27.7
6.4
14.4
10.8
2.3
21.4
138
6.5
11.3
306
12.8

Median
209
259
102
19.5
136
489
271
43.3
21.37
1.45
9.73
12.32

Range
0.0-814
8.0-635
0.0-250
0.0-167
0.0-1170
3.9-1420
3.9-1100
0.0-223
0.0-60.3
0.0-29.3
0.0-54.2
0.0-75.0

Lower tertile
152
214
80.3
11.0
76.7
367
189
32.5
16.0
0.5
6.6
7.7

Upper tertile
275
304
128
30.4
212
589
407
56.7
25.4
2.8
13.3
19.7

