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Abstract

Background: Levels of n-3 polyunsaturated fatty acids (PUFAs) and n-6 PUFAs
in breast milk are associated with the development of allergic diseases up to
school age. However, it is unknown whether this relationship persists when the
child becomes older. We therefore studied the association between levels of n-3
PUFAs and n-6 PUFAs in breast milk of allergic- and nonallergic mothers and
asthma, eczema and sensitization up to the age of 14 years.

Methods: The study was nested in the ongoing PIAMA birth cohort. At the
child’s age of 3 months, 276 mothers provided a breast milk sample. Asthma (N
total = 269) and eczema (N total = 274) were self-reported up to the child’s age
of 14 years. Specific serum IgE levels were measured at the ages of 4, 8 and
12 years (N total = 216). Generalized estimating equations analyses were used to
take account of repeated observations.

Results: Asthma up to the age of 14 years is less prevalent in children of allergic
mothers receiving breast milk with higher levels of n-3 long chain polyunsatu-
rated (LCP) fatty acids (OR 0.50; 95% CI 0.31-0.79), and more prevalent in
children of nonallergic mothers receiving breast milk with higher levels of
n-6LCP (OR 1.86; 95% CI 1.14-3.03). Weaker associations in similar direction
were observed for eczema and sensitization. Direction of associations were consis-
tent and of similar magnitude throughout childhood.

Conclusion: The association between breast milk fatty acid composition and
asthma, eczema and sensitization persists up to the age of 14 years in children of
both allergic and nonallergic mothers.

Early life fatty acid intake is one of the factors that plays a
role in the development of allergic diseases in early
childhood. However, it is unknown if this effect persists when
the child becomes older. The influence of fatty acids on the

risk of developing allergic diseases was suggested by the
rising prevalence of these diseases over the last decades (1, 2)
combined with the increased consumption of linoleic acid
and the decreased consumption of oily fish (3). The latter is
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an important source of n-3 long chain polyunsaturated fatty
acids (LCP). In particular, the n-6 polyunsaturated fatty acid
(PUFA) linoleic acid, n-3 PUFA o-linoleic acid and their
long chain derivatives arachidonic acid (AA), eicosapen-
taenoic acid (EPA), and docosahexaenoic acid (DHA) seem
to be associated with allergic diseases. N-3 PUFAs appear to
have a protective effect, while a high intake of n-6 PUFAs
seemed to increase the risk of allergic diseases (4-8).

Because allergic diseases often develop in early childhood
(8), infants are an important target population for primary
allergy prevention. Therefore, the association between fatty
acid composition in mothers’ breast milk and the develop-
ment of allergic diseases has been studied extensively (9-18).
As this relationship has generally been studied up until
preschool age (9-14, 16-18), it is unknown whether observed
associations between breast milk fatty acids and allergic
diseases persist when the child becomes older.

Previously, we reported the associations between level of
breast milk n-3 PUFAs and n-6 PUFAs and allergic symp-
toms at the age of 1 and 4 years. In this study, we observed
that the risk to develop allergic symptoms in children of
allergic mothers, but not the risk of sensitization, was modi-
fied by the intake of n-3LCP throughout breast milk (10). In
the current study, we extend our research by examining the
association between the level of n-3 PUFAs and n-6 PUFAs
in mothers’ breast milk and the development of asthma,
eczema and sensitization in their children up to the age of
14 years, stratified on maternal allergy.

Methods
Design and study population

The current study was embedded in the Prevention and Inci-
dence of Asthma and Mite Allergy (PIAMA) birth cohort (19,
20). Pregnant women were recruited from the general popula-
tion during their first antenatal visit. They filled out a validated
short screening questionnaire to classify them as allergic or
nonallergic (‘yes’ when reported (a history of) asthma, current
hay fever, current allergy for pets, current allergy for house
dust or house dust mite, otherwise ‘no’) (21). All children
(N = 3963) were born in 1996/1997 and are followed up until
present. Questionnaires were completed by the parents during
pregnancy, at the child’s age of 3 months, annually from
1 year up until 8, 11 and 14 years. Additionally, in all children
of allergic mothers (N = 1327) and in a random sample of chil-
dren of nonallergic mothers (N = 663), a home visit was per-
formed around the age of 3 months. Extensive clinical
examinations were performed at the child’s age of 4, 8 and
12 years. The study protocol was approved by the Medical
Ethical Committees of the participating institutions, and all
participants gave written informed consent.

Eligible for the current study were all children from moth-
ers who had provided a breast milk sample. Breast milk was
collected during the home visit to 1860 families (93% of
those selected for home visit). At that time, 661 of the visited
mothers were still breastfeeding, and 276 of them were
willing and able to produce a breast milk sample by manual
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expression or breast pump. Of the 276 children who had a
breast milk sample, 269 children had data on asthma, 274
children on eczema and 216 children on sensitization.

Breast milk fatty acids

Breast milk samples were collected around 3 months postpar-
tum (mean 15.1 weeks in allergic mothers [SD: 4 weeks];
mean 15.7 weeks in nonallergic mothers [SD: 4.3 weeks]). All
samples were put into tubes that contained 2 pl of butylated
hydroxyl toluene solution (500 pg/ml) to prevent oxidation
and stored at —70°C. Thereafter, gas-liquid chromatography
was used to determine the fatty acid composition of the
breast milk, as described by Foreman-van Drongelen (22).
Polyunsaturated, monounsaturated and saturated fatty acids
were measured as weight percentage (wt%) of the total
breast milk fatty acid composition. Details about the
collection of breast milk and analysis have been reported
previously (23).

Based on previous studies, we were interested in the
following fatty acids: linoleic acid (LA; CI18:2n-6), arachi-
donic acid (AA; C20:4n-6), total n-6 long chain (C > 20)
polyunsaturated fatty acids (n-6LCP), o-linoleic acid (ALA;
C18:3n-3), eicosapentaenoic acid (EPA; C20:5n-3), docosa-
hexaenoic acid (DHA; C22:6n-3), total n-3 long chain
(C > 20) polyunsaturated fatty acids (n-3LCP), and the ratio
between n-3 and n-6 long chain (C > 20) polyunsaturated
fatty acids (n3-LCP/n-6LCP).

Asthma, eczema and sensitization

Both outcome variables asthma and eczema were based on
parents” answers to questions adapted from the International
Study on Asthma and Allergy in Children (ISAAC) question-
naire (24). Asthma was defined as having at least two of the
following criteria: doctor’s diagnosis of asthma ever, wheez-
ing during the last 12 months and use of asthma medications
prescribed by a doctor during the last 12 months. Data
regarding asthma were available annually at child’s age of
3 years up until 8, 11 and 14 years.

Eczema was defined as an itchy rash that was coming and
going during the last 12 months (at folds of the elbows, or
back of the knee, or front of the ankles, or in the neck, or
around eyes and ears) and a doctor’s diagnosis of eczema
ever. Data regarding eczema were available at child’s age of
3 months, annually from 1 year up until 8, 11 and 14 years.

At child’s age of 4, 8§ and 12 years, a blood sample was
taken to measure specific IgE at Sanquin Research Amster-
dam using RASTs. Sensitization was defined as specific IgE
higher than 0.35 TU/ml to house dust mite, cat, grass pollen,
birch pollen, egg or milk.

Fixed covariates

Information about covariates was obtained from question-
naires. At the start of the study, data were gathered about
the presence of older siblings of the child (yes/no; number),
maternal age at delivery (years), maternal smoking during at

Allergy 70 (2015) 1468-1476 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 1469



Breast milk fatty acids and the risk of allergic diseases

least the first 4 weeks of pregnancy (yes/no), maternal and
paternal education (highest education completed, categorized
into low/middle/high education level), maternal BMI before
pregnancy (weight and height, kg/m? is calculated), gesta-
tional weight gain of the mother (in kg, categorized into
<10 kg/>10 kg), duration of any breastfeeding (in weeks,
categorized into <16 weeks/>16 weeks), child’s gender (boy/
girl), parental allergy based on a validated short screening
questionnaire (21) as described earlier, having an allergic
family member (‘yes” when having an allergic mother, allergic
father or >1 allergic sibling(s), otherwise ‘no’), birthweight of
the child (grams) and born by Caesarean section (yes/no).
From child’s age of 3 months up until 1 year, data were
gathered about the introduction of fruit(juice), vegetables,
milk(products), wheat products, meat, fish and eggs, catego-
rized into ‘food/beverage <4 months of age’/food/beverage
>4 months of age’.

Time varying covariates

Data about household smoking (yes/no), BMI of the child
(weight and height, kg/m?> and Z-scores according to a
national reference were calculated) (25) and pet exposure
(‘yes’ when exposed to cat, dog, rodent or bird at home,
otherwise ‘no’) were gathered at child’s age of 3 months,
1 year up until 8, 11 and 14 years. Smoking by the child
(‘“daily’ when at least once per day, ‘occasional’ when not
every day but at least once per week or once per month or
less than once a month or sometimes, ‘former’ when quit
smoking, and ‘never’ when never smoked) was asked
directly to the child via a questionnaire at the age of 11
and 14 years.

Statistical analysis

Statistical analyses were performed using SAS, version 9.2
(SAS Institute Inc., Cary, NC, USA). Because associations
between fatty acids and asthma, eczema and sensitization
may differ in children of allergic mothers compared with
children of nonallergic mothers, we stratified on maternal
allergy. Associations up to the age of 14 years were analysed
by generalized estimating equations (GEE), using an
exchangeable correlation structure to account for correla-
tions between repeated observations in the same individual
at the different points in time. Breast milk fatty acids were
analysed as continuous exposure variables. To assess whether
associations were consistent throughout childhood, breast
milk fatty acids were added to the model as continuous vari-
ables, age was added to the model as categorical variable,
and an interaction term between breast milk fatty acids and
age was used to obtain age-specific estimates. We report
odds ratios (ORs) and 95% confidence intervals (95% CI)
per interquartile range increase in levels of breast milk fatty
acid.

All fixed and time varying covariates as mentioned earlier
were selected based on literature. Those covariates that were
associated with both exposure and outcome variables in our
database were added to the statistical model one at the time
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to estimate adjusted ORs. Comparing these adjusted ORs to
the crude ORs, it was concluded that associations were not
affected by any of these covariates (difference in crude vs
adjusted ORs <10%). Therefore, only crude ORs are
shown.

The number of mothers smoking during pregnancy was
too small to add as covariate in the model, as there were
hardly any children with asthma of smoking nonallergic
mothers, as well as the number of children smoking at the
age of 11 (none) and 14 years (N = 10). Therefore, we
checked the robustness of the association by restricting the
sample to mothers who did not smoke during pregnancy and
to nonsmoking children.

Results
General characteristics

The study population consisted of 274 children, 61%
(N =167) of allergic mothers and 39% (N = 107) of nonal-
lergic mothers. Characteristics of the study population were
similar for allergic and nonallergic mothers, with largest
differences in maternal smoking during pregnancy (12.1% vs
7.6%, respectively; P-value = 0.234) and maternal education
level (low educated 16.0% vs 11.4% and high educated
48.5% vs 41.9%, respectively; P-value = 0.175) (Table 1). No
difference was seen in the fatty acid composition of breast
milk of allergic mothers compared with nonallergic mothers,
as reported in our previous study (23). Figure 1 shows the
age-specific prevalence for asthma, eczema and sensitization.

Children of allergic mothers

Children of allergic mothers receiving breast milk with a
higher amount of n-3LCP were less likely to have asthma
(OR 0.50; 95% CI 0.31-0.79), which was mainly attributable
to DHA (OR 0.48; 95% CI 0.27-0.83) (Table 2). Children
receiving breast milk with a higher n-3LCP/n-6LCP ratio
were less likely to have asthma (OR 0.55; 95% CI: 0.33—
0.92), which is driven by n-3LCP rather than by n-6LCP
(OR 1.00; 95% CI 0.57-1.78). Although nonsignificant, chil-
dren receiving breast milk with a higher amount of n-3LCP
seem less likely to be sensitized (OR 0.77; 95% CI 0.57-
1.04). No strong associations were seen between breast milk
fatty acid intake and eczema.

Children of nonallergic mothers

Children of nonallergic mothers receiving a higher amount of
breast milk n-6LCP were more likely to have asthma (OR
1.86; 95% CI 1.14-3.03), which was mainly attributable to
arachidonic acid (OR 2.12; 95% CI 1.22-3.70) (Table 3). No
association was seen between total n-3LCP and asthma (OR
1.13; 95% CI 0.94-1.36). Children receiving a higher amount
of n-3LCP were less likely to have eczema (OR 0.89; 95% CI
0.74-1.07), while children receiving a higher amount of
arachidonic acid were more likely to have eczema (OR 1.37;
95% CI 1.03-1.81). This was also reflected in the association
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Table 1 Characteristics of the study population and fatty acid
composition of the mothers’ breast milk stratified by maternal
allergy (%; N unless otherwise indicated)

Allergic Nonallergic
mothers mothers
(N =167) (N=107)
Maternal characteristics
Maternal age at delivery 31.1 (3.6) 30.8 (4.1)
(years; mean; SD)
Days after delivery milk 105.8 (27.9) 110.2 (29.8)
sample was collected (mean; SD)
First child 53.3 (89) 53.3 (57)
Maternal smoking during pregnancy 12.1 (20) 7.6 (8)
Education level
Low education level 16.0 (26) 11.4 (12)
Middle education level 35.6 (58) 46.7 (49)
High education level 48.5 (79) 41.9 (44)
Paternal characteristics
Paternal allergy 32.9 (65) 29.0 (31)
Education level
Low education level 15.4 (25) 20.2 (21)
Middle education level 30.3 (49) 34.6 (36)
High education level 54.3 (88) 45.2 (47)
Characteristics of the children
Gender (% boys) 51.5 (86) 51.4 (55)
Birthweight (grams; mean; SD) 3532 (474) 3559 (522)
Smoking at the age of 4.8 (8) 1.9 (2)

14 years (% yes)
Fatty acid composition of the breast milk (median wt%; IQR)

LA (C18:2n-6) 14.87 (5.82) 14.61 (4.20)
AA (C20:4n-6) 0.36 (0.12)  0.39 (0.11)
ALA (C18:3n-3) 0.92 (0.44)  0.97 (0.3b)
EPA (C20:5n-3) 0.04 (0.03)  0.05 (0.03)
DHA (C22:6n-3) 0.17 (0.11)  0.16 (0.10)
Total n-6LCP 1.09 (0.34) 1.15(0.29)
Total n-3LCP 0.48 (0.19)  0.49(0.19)
n3-LCP/n-6LCP 0.44(0.21)  0.43 (0.19)

between the ratio n-3LCP/n-6LCP and eczema (OR 0.82;
95% CI 0.65-1.03). Children receiving a higher amount
of linoleic acid (n-6) in breast milk were more likely to be
sensitized (OR 1.64; 95% CI 1.05-2.56).

Age-specific estimates

The direction of the associations between breast milk fatty
acids and asthma, eczema and sensitization in children of
allergic and nonallergic mothers was consistent at all ages
(Figure 2, results only shown for the association between
DHA and the ratio n-3LCP/n-6LCP and asthma).

Sensitivity analysis

Estimates hardly changed when restricting the analyses to
children of mothers who did not smoke during pregnancy, as
well as to nonsmoking children (results not shown).

Breast milk fatty acids and the risk of allergic diseases

Discussion

We showed that the association between fatty acid intake
during early life and asthma, eczema and sensitization
persists up to the age of 14 years. Children of allergic moth-
ers receiving breast milk with a higher amount of n-3LCP
were less likely to have asthma, while children of nonallergic
mothers receiving breast milk with a higher amount of
n-6LCP were more likely to have asthma. Similar tendencies
were seen in the associations between breast milk fatty acids
and eczema and sensitization. The effects of specific fatty
acids differed between children of allergic and nonallergic
mothers, especially for asthma.

Strengths and limitations

No previous studies examined the association between breast
milk fatty acids and asthma, eczema and sensitization up to
the age of 14 years, taking into account multiple repeated
measurements of allergic diseases and covariates. Using GEE
analysis, full use was made of these repeated measurements,
taking into account correlations between repeated observa-
tions in the same individual at different points in time.

We collected breast milk samples once when the child was
about 3 months old. Evidence suggest that the percentage
levels of DHA and arachidonic acid decrease over time (26,
27). This could have led to bias if mothers who collected
breast milk at a later point in time, have children with a
lower risk on allergic outcomes. This is unlikely, as we found
no correlation between breast milk fatty acids and time since
delivery when the samples were obtained (10). Most of our
breast milk samples (86%) were collected around 3 months
postpartum or later. Breast milk collection was not standard-
ized regarding timing of the sampling (e.g. part of the day).
The way in which the mother had produced the milk sample
(by manual expression or using a breast pump, and before or
after feeding the child) and the time of the day this was done
did not influence the concentration of individual fatty
acids (23). If misclassification occurred, this misclassification
is unlikely to be differentially associated with the risk on
allergic outcomes.

One study (224 children, follow-up 7 years) (15) found that
the association between the fatty acid composition of colos-
trum and eczema was modified by gender of the child. This
effect became weaker studying 3 months expressed breast
milk. As the breast milk in our study was collected around
3 months postpartum, effect modification by gender of the
child is unlikely. In addition, to exclude any effect of gender,
we added gender as covariate into the model as our sample
size was too small to stratify on maternal allergy as well as
on gender of the child. The associations between breast milk
fatty acids and asthma, eczema and sensitization hardly
changed (difference crude vs adjusted ORs <5%; results not
shown).

Asthma and eczema were both self-reported conditions.
Both outcome variables were based on the standardized
and worldwide-used ISAAC questionnaire (24), and
the definition of asthma is in line with the definition
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Figure 1 Age-specific prevalence of asthma, eczema and sensitization throughout childhood in children of allergic and nonallergic mothers.

*P < 0.05.

accomplished by the European MeDALL consortium (28).
Although self-reporting of asthma and eczema could lead
to misclassification, it is very unlikely that reporting error
is related to breast milk fatty acids and therefore led to
biased results.

The population selected for this study consists of higher
educated mothers and more allergic mothers compared with

1472

the PIAMA cohort. As participants were recruited without
any knowledge of either exposure or disease status, selection
bias is unlikely. In addition, the proportion of sensitized
children of nonallergic mothers at the age of 12 years old is
high compared with the proportion of sensitized children of
allergic mothers. We cannot think of any specific selective
mechanism that may have occurred resulting in biased asso-
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Table 2 Odds ratio (95% CI) reflecting the overall association up to the age of 12 years (sensitization) and 14 years (asthma/eczema)
between breast milk fatty acid composition and allergy in children of allergic motherst

Asthma (N = 162)

Eczema (N = 167) Sensitization (N = 130)

FA (wt%) OR 95% ClI OR 95% ClI OR 95% ClI

LA (C18:2n-6) 1.47 0.86, 2.51 1.156 0.84, 1.68 0.85 0.56, 1.30
AA (C20:4n-6) 0.76 0.44, 1.32 0.88 0.64, 1.21 0.97 0.62, 1.51
ALA (C18:3n-3) 1.02 0.68, 1.63 0.81 0.568, 1.12 0.80 0.55, 1.16
EPA (C20:56n-3) 0.79 0.59, 1.06 0.90 0.69, 1.17 0.72* 0.55, 0.94
DHA (C22:6n-3) 0.48** 0.27, 0.83 0.90 0.67, 1.22 0.80 0.61, 1.04
Total n-6LCP 1.00 0.57,1.78 1.24 0.90, 1.71 0.87 0.56, 1.33
Total n-3LCP 0.50%** 0.31, 0.79 0.83 0.60, 1.15 0.77 0.57, 1.04
n-3LCP/n-6LCP 0.55*% 0.33, 0.92 0.78 0.54, 1.13 0.91 0.69, 1.20

7Odds ratios were estimated for an interquartile range increase in breast milk fatty acid composition (wt%). An exchangeable correlation
structure was used to account for correlations between repeated observations in the same individual.

*P < 0.05.
**P<0.01.

Table 3 Odds ratio (95% Cl) reflecting the overall association up to the age of 12 years (sensitization) and 14 years (asthma/eczema)
between breast milk fatty acid composition and allergy in children of nonallergic motherst

Asthma (N = 107)

Eczema (N = 107) Sensitization (N = 86)

FA (wt%) OR 95% ClI OR 95% Cl OR 95% ClI

LA (C18:2n-6) 0.74 0.27, 2.01 1.16 0.79, 1.71 1.64% 1.05, 2.56
AA (C20:4n-6) 2.12%* 1.22, 3.70 1.37* 1.03, 1.81 1.01 0.66, 1.54
ALA (C18:3n-3) 1.03 0.41, 2.60 1.02 0.77, 1.35 1.26 0.83, 1.91
EPA (C20:5n-3) 1.04 0.80, 1.34 0.86 0.68, 1.08 1.17 0.95, 1.44
DHA (C22:6n-3) 1.10 0.95, 1.27 0.93 0.79, 1.09 1.06 0.89, 1.27
Total n-6LCP 1.86* 1.14, 3.03 1.1 0.83, 1.48 0.86 0.59, 1.24
Total n-3LCP 1.13 0.94, 1.36 0.89 0.74, 1.07 1.06 0.85, 1.32
n-3LCP/n-6LCP 1.01 0.82, 1.24 0.82 0.65, 1.03 1.12 0.92, 1.36

tOdds ratios were estimated for an interquartile range increase in breast milk fatty acid composition (wt%). An exchangeable correlation
structure was used to account for correlations between repeated observations in the same individual.

*P < 0.05.
**P<0.01.

ciations due to a relative high prevalence of sensitized chil-
dren.

Underlying mechanism

Predisposition to allergic diseases may result from insuffi-
ciently balanced T helper type 1 cell (Thl) and type 2 cell
(Th2) pathways (5). A diet rich in n-6 fatty acids causes rise
of eicosanoids such as prostaglandin (PGE,) formed by the
action of cyclooxygenase on arachidonic acid (3, 5). This
may promote interleukin-4 to increase the number of B-lym-
phocytes producing IgE (3). N-3 PUFA potentially influence
the T helper cell balance via inhibiting interleukin-13 produc-
tion, which is related to atopy via IgE synthesis in B-lympho-
cytes and Th2 differentiation in T cells (5). As linoleic acid
and o-linoleic acid are competitive for the same enzyme
system for desaturation—elongation, consuming a diet rich in
n-6 fatty acids may affect the n-3LCP/n-6LCP ratio, leading
to predominance of arachidonic acid in tissues, which pro-

Allergy 70 (2015) 1468-1476 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

motes IgE production as described above (5). A study of
D’Vaz et al. (29) confirms that post-natal fish oil supplemen-
tation up to 6 months of age decreased allergen-specific Th2
responses and increased polyclonal Thl responses. The mech-
anism by which early fatty acid intake may influence later life
allergy may be via programming. As differences in immune
function associated with allergic diseases are already present
at birth (30, 31) and immune function is programmed in
early life and, a favourable n-3LCP/n-6LCP ratio during
early development seems most likely to influence allergy
development.

Comparison with other studies

No previous studies examined the association between breast
milk fatty acids and asthma, eczema and sensitization up to
the age of 14 years. Therefore, we compare our results to the
results of studies that examined the same association at
different child’s ages. The associations found in our study are
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Figure 2 Overall and age-specific associations between the breast
milk fatty acids DHA and the ratio n-3LCP/n-6LCP and asthma in
children of allergic and nonallergic mothers. Odds ratios were calcu-

in line with results of a number of previous studies (overview
table available upon request) (9, 11-14, 16, 18).

In contrast to our results, Lowe et al. (15) (224 children,
follow-up 7 years) found evidence that high levels of total
n-3 PUFAs in breast milk were associated with increased risk
of nonatopic eczema within the first 2 years of life compared
with healthy children. To compare, we composed the variable
nonatopic eczema, defined as reported eczema but no sensiti-
zation at the age of 4 years. We found no relation between
nonatopic eczema and total n-3 PUFA (n-3LCP: OR 0.91
[0.61-1.36]; ALA: OR 1.16 [0.68-1.98]; nonstratified).
Unlike the study of Lowe et al., we were not able to identify
nonatopic eczema at the age of 2 years. In addition, Lowe
et al. found no associations between the fatty acids profile in
breast milk and the risk of childhood asthma at 6 or 7 years
of age. Results were not stratified on allergy of the mother.
To compare, we analysed the relation between breast
milk fatty acids and asthma at the age of 7 years without
stratification (DHA: OR 0.71 [0.35-1.45]; n-3LCP: OR 0.70
[0.41-1.21]; n-6LCP: OR 1.09 [0.56-2.14]; nonstratified) and
found comparable associations. Reichardt et al. (17) (78
children pairs, follow-up 1 year) found no association
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lated for an interquartile range increase in breast milk fatty acid
composition (wt%). * P < 0.05, ¥ P < 0.01.

between breast milk fatty acids and atopic eczema
maybe because colostrum was studied instead of mature
breast milk.

Children of mothers with allergy and children of mothers
without allergy

Why would the risk to develop asthma and possibly eczema
and sensitization in children of allergic and nonallergic moth-
ers be associated with different fatty acid profiles? First, there
could be a difference in the optimal fatty acid composition
for children with a genetic predisposition to develop asthma
compared with low-risk children. Indeed, asthma at this age
is a heterogeneous disorder and atopy is only one of the
phenotypes in the pathogenesis. Another explanation could
be that components in breast milk of allergic and nonallergic
mothers we did not measure interacted with fatty acids,
leading to different patterns of asthma development in their
offspring. Some studies suggest a difference in the association
between maternal breast milk fatty acids and allergic diseases
in high-risk children compared with a low-risk population
(12, 14).

Allergy 70 (2015) 1468-1476 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Implications and conclusion

We showed a long-term effect of breast milk fatty acid composi-
tion on the risk of asthma, and probably also eczema and sensiti-
zation. For the purpose of primary allergy prevention, dietary
advice regarding fatty acid intake during pregnancy and lacta-
tion may play an important role, as the ratio of n-6 to n-3
PUFAs in diet has increased in most Western countries (32). A
large body of literature examines the effects of maternal or early
post-natal supplementation with n-3 PUFA to prevent allergic
diseases (33-35). Despite of inconsistent results and the differen-
tial effects for maternal and child supplementation, the majority
of studies shows a protective effect (33), which offers possibilities
for prevention. Randomized controlled trials are needed to eluci-
date the differential effects of maternal allergy on the associa-
tions between breast milk fatty acid composition and childhood
asthma, eczema and sensitization, and to define the optimal diet
and target population on which public health recommendations
can be based. In conclusion, breast milk fatty acid composition
influences the risk of asthma, eczema and sensitization not only
in early life, but also up to the age of 14 years.

Acknowledgments

The PIAMA study was supported by the Netherlands
Organization for Health Research and Development; The

Breast milk fatty acids and the risk of allergic diseases

Netherlands  Organization  for  Scientific ~ Research;
The Netherlands Lung Fund; The Netherlands Ministry of
Spatial Planning, Housing, and the Environment; and

The Netherlands Ministry of Health, Welfare, and Sport.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Authors contributions

T.M.E. participated in design of this study, data analysis,
interpretation of results and drafted the manuscript; L.R.
participated in design of this study, interpretation of results
and revised the manuscript; A.H.W. contributed to the
conception and design, acquisition of data, interpretation
of results and revised the manuscript; B.B. contributed to
the conception and design of the PIAMA study, acquisi-
tion of data, revised the manuscript; J.C.J. and G.H.K.
contributed to the conception and design of the PIAMA
study, acquisition of data and revised the manuscript;
H.A.S. contributed to the conception and design of the
PIAMA study, interpretation of results and revised the
manuscript. All authors approved the final version of the
manuscript.

References

1.

Asher MI, Montefort S, Bjorkstén B, Lai
CKW, Strachan DP, Weiland SK et al.

allergic diseases in childhood. Ital J Pediatr
2012;38:22.

childhood allergy. Pediatr Allergy Immunol
2000;11:29-39.

Worldwide time trends in the prevalence of 8. Arshad SH. Primary prevention of asthma 14. Kankaanpad P, Nurmela K, Erkkild A, Kal-
symptoms of asthma, allergic rhinoconjunc- and allergy. J Allergy Clin Immunol lioméki M, Holmberg-Marttila D, Salminen
tivitis, and eczema in childhood: ISAAC 2005;116:3-14. S et al. Polyunsaturated fatty acids in mater-
Phases One and Three repeat multicountry 9. Thijs C, Miiller A, Rist L, Kummeling I, nal diet, breast milk, and serum lipid fatty
cross-sectional surveys. Lancet 2006;368:733— Snijders BEP, Huber M et al. Fatty acids in acids of infants in relation to atopy. Allergy
743. breast milk and development of atopic 2001;56:633-638.

2. Sicherer SH, Sampson HA. Food allergy: eczema and allergic sensitisation in infancy. 15. Lowe AJ, Thien FCK, Stoney RM,
epidemiology, pathogenesis, diagnosis, and Allergy 2011;66:58—67. Bennett CM, Hosking CS, Hill DJ et al.
treatment. J Allergy Clin Immunol 10. Wijga AH, van Houwelingen AC, Kerkhof Associations between fatty acids in
2014;133:291-307. M, Tabak C, de Jongste JC, Gerritsen J colostrum and breast milk and risk of

3. Black PN, Sharpe S. Dietary fat and asthma: et al. Breast milk fatty acids and allergic dis- allergic disease. Clin Exp Allergy
is there a connection? Eur Respir J ease in preschool children: the Prevention 2008;38:1745-1751.
1997:10:6-12. and Incidence of Asthma and Mite Allergy 16. Oddy WH, Pal S, Kusel MMH, Vine D, de

4. Devereux G, Seaton A. Diet as a risk factor birth cohort study. J Allergy Clin Immunol Klerk NH, Hartmann P et al. Atopy,
for atopy and asthma. J Allergy Clin 2006;117:440-447. eczema and breast milk fatty acids in a
Immunol 2005;115:1109-1117. 11. Businco L, Ioppi M, Morse NL, Nisini R, high-risk cohort of children followed from

5. Shek LP, Chong MF-F, Lim JY, Soh S-E, Wright S. Breast milk from mothers of chil- birth to 5 yr. Pediatr Allergy Immunol
Chong Y-S. Role of dietary long-chain dren with newly developed atopic eczema 2006;17:4-10.
polyunsaturated fatty acids in infant allergies has low levels of long chain polyunsaturated 17. Reichardt P, Miiller D, Posselt U, Vorberg
and respiratory diseases. Clin Dev Immunol fatty acids. J Allergy Clin Immunol B, Diez U, Schlink U et al. Fatty acids in
2012;2012:730568. 1993:91:1134-1139. colostrum from mothers of children at high

6. Hageman JHJ, Hooyenga P, Diersen-Schade 12. Duchén K, Yu G, Bjorkstén B. Atopic sensi- risk of atopy in relation to clinical and labo-
DA, Scalabrin DMF, Wichers HJ, Birch EE. tization during the first year of life in rela- ratory signs of allergy in the first year of life.
The impact of dietary long-chain tion to long chain polyunsaturated fatty acid Allergy 2004;59:394-400.
polyunsaturated fatty acids on respiratory levels in human milk. Pediatr Res 18. Stoney RM, Woods RK, Hosking CS, Hill
illness in infants and children. Curr Allergy 1998;44:478-484. DJ, Abramson MJ, Thien FCK. Maternal
Asthma Rep 2012;12:564-573. 13. Duchén K, Casas R, Fageras-Bottcher M, breast milk long-chain n-3 fatty acids are

. Peroni DG, Bonomo B, Casarotto S, Boner

AL, Piacentini GL. How changes in nutri-
tion have influenced the development of

Yu G, Bjorkstén B. Human milk polyunsat-
urated long-chain fatty acids and secretory
immunoglobulin. A antibodies and early

Allergy 70 (2015) 1468-1476 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

associated with increased risk of atopy in
breastfed infants. Clin Exp Allergy
2004;34:194-200.

1475



Breast milk fatty acids and the risk of allergic diseases

19.

20.

21.

22.

23.

24.

Brunekreef B, Smit J, de Jongste J, Neijens
H, Gerritsen J, Postma D et al. The preven-
tion and incidence of asthma and mite
allergy (PIAMA) birth cohort study: design
and first results. Pediatr Allergy Immunol
2002;13(Suppl 1):55-60.

Wijga AH, Kerkhof M, Gehring U, de Jong-
ste JC, Postma DS, Aalberse RC et al. Co-
hort profile: the prevention and incidence of
asthma and mite allergy (PIAMA) birth
cohort. Int J Epidemiol 2014;43:527-535.
Lakwijk N, Van Strien RT, Doekes G, Bru-
nekreef B, Gerritsen J. Validation of a
screening questionnaire for atopy with serum
IgE tests in a population of pregnant Dutch
women. Clin Exp Allergy 1998;28:454-458.
Foreman-van Drongelen MM, Houwelingen
AC, Kester AD, de Jong AE, Blanco CE,
Hasaart TH et al. Long-chain polyene status
of preterm infants with regard to the fatty
acid composition of their diet: comparison
between absolute and relative fatty acid
levels in plasma and erythrocyte phospho-
lipids. Br J Nutr 1995;73:405-422.

Wijga A, Houwelingen AC, Smit HA, Ker-
khof M, Vos APH, Neijens HJ et al. Fatty
acids in breast milk of allergic and non-aller-
gic mothers: the PITAMA birth cohort study.
Pediatr Allergy Immunol 2003;14:156-162.
Asher MI, Keil U, Anderson HR, Beasley
R, Crane J, Martinez F et al. International

1476

25.

26.

28.

29.

Study of Asthma and Allergies in Childhood
(ISAACQ): rationale and methods. Eur Respir
J 1995;8:483-491.

Fredriks AM, van Buuren S, Burgmeijer RJ,
Meulmeester JF, Beuker RJ, Brugman E

et al. Continuing positive secular growth
change in The Netherlands 1955-1997.
Pediatr Res 2000;47:316-323.

Makrides M, Simmer K, Neumann M,
Gibson R. Changes in the polyunsaturated
fatty acids of breast milk from mothers of
full-term infants over 30 wk of lactation. Am
J Clin Nutr 1995;61:1231-1233.

. Marangoni F, Agostoni C, Lammardo AM,

Giovannini M, Galli C, Riva E. Polyunsatu-
rated fatty acid concentrations in human
hindmilk are stable throughout 12-months of
lactation and provide a sustained intake to
the infant during exclusive breastfeeding: an
Italian study. Br J Nutr 2000;84:103-109.
Hohmann C, Pinart M, Tischer C, Gehring U,
Heinrich J, Kull T et al. The development of
the MeDALL Core Questionnaires for a har-
monized follow-up assessment of eleven Euro-
pean birth cohorts on asthma and allergies.
Int Arch Allergy Immunol 2014;163:215-224.
D’Vaz N, Meldrum SJ, Dunstan JA, Lee-
Pullen TF, Metcalfe J, Holt BJ et al. Fish
oil supplementation in early infancy modu-
lates developing infant immune responses.
Clin Exp Allergy 2012;42:1206-1216.

30.

31.

32.

34.

35.

Elten et al.

Tulic MK, Hodder M, Forsberg A,
McCarthy S, Richman T, D’Vaz N et al.
Differences in innate immune function
between allergic and nonallergic children:
new insights into immune ontogeny. J
Allergy Clin Immunol 2011;127:470—478.
Prescott SL, Macaubas C, Smallacombe T,
Holt BJ, Sly PD, Holt PG. Development of
allergen-specific T-cell memory in atopic and
normal children. Lancet 1999;353:196-200.
Sanders TA. Polyunsaturated fatty acids in
the food chain in Europe. Am J Clin Nutr
2000;71:176S—-178S.

. Kremmyda L-S, Vlachava M, Noakes PS,

Diaper ND, Miles EA, Calder PC. 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
2011;41:36-66.

Palmer DJ, Sullivan T, Gold MS, Prescott
SL, Heddle R, Gibson RA et al. Random-
ized controlled trial of fish oil supplementa-
tion in pregnancy on childhood allergies.
Allergy 2013;68:1370-1376.

D’Vaz N, Meldrum SJ, Dunstan JA, Mar-
tino D, McCarthy S, Metcalfe J et al.
Postnatal fish oil supplementation in high-
risk infants to prevent allergy: randomized
controlled trial. Pediatrics 2012;130:674—
682.

Allergy 70 (2015) 1468-1476 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



