
Atopy, eczema and breast milk fatty acids in a
high-risk cohort of children followed from
birth to 5 yr

Asthma, hayfever, atopic eczema, food allergy
and other related allergic syndromes (collectively
known as the �atopic diseases�) are amongst the
most common chronic conditions in the devel-
oped world and there is accumulating epidemi-
ological evidence that the prevalence and severity
of atopic disease is rising (1).

Early work raised the possibility that breast-
feeding may reduce allergic manifestations in
high-risk individuals (2). Prospective studies have
often reported a prophylactic effect of breast-
feeding in the high-risk groups (3). A Finnish
study (4) that followed infants from birth to
17 yr showed that breastfeeding as preventive

Oddy WH, Pal S, Kusel MMH, Vine D, de Klerk NH, Hartmann P,
Holt PG, Sly PD, Burton PR, Stanley FJ, Landau LI. Atopy, eczema
and breast milk fatty acids in a high-risk cohort of children followed
from birth to 5 yr.
PediatrAllergy Immunol 2005.� 2005BlackwellMunksgaard

Background: The incidence of atopic diseases such as eczema is
increasing in westernized societies. The suggestion that there is a �pro-
tective� association between the unique fatty acid composition of breast
milk, particularly the omega-3 (n-3) and omega-6 (n-6) essential poly-
unsaturated fatty acid content, and the development of atopic disease in
children was investigated in a cohort study of 263 infants born into
families with a history of allergy (one or both parents had asthma,
hayfever, eczema). The objectives of this study were to determine the
lipid profile [specifically in relation to long-chain polyunsaturated fatty
acid (LC-PUFA) composition] in maternal breast milk samples collec-
ted at 6 wk and at 6 months following birth, and to investigate the
potential role of these fatty acids in modulating the phenotype of
children at high genetic risk of developing atopic disease. Method:
Breast milk samples were available from 91 atopic mothers at their
child’s ages of 6 wk and 6 months. These samples were analysed for the
fatty acid spectrum. Analysis of variance was used to detect differences
between groups of outcomes (no atopy or eczema, non-atopic eczema,
atopy, atopic eczema) at ages 6 months and 5 yr, and a multiple com-
parisons procedure was conducted to isolate the parameters producing
the different results (F-test, LSD test). For the exposure variables, n-3
and n-6 fatty acids are expressed as weight percentage and as a ratio (at
both time-points). Results: The fatty acid profiles of maternal breast
milk at 6 wk and 6 months were similar. An increased ratio of n-6: n-3
fatty acids in both 6 wk and 6 month milk samples was associated with
non-atopic eczema (p < 0.005) but not atopy alone or atopic eczema.
Conclusion: We found milk fatty acids were a significant modulator of
non-atopic eczema but not atopy or atopic eczema in infants at
6 months. In mothers with a history of asthma, hayfever or eczema,
their 6-month-old infants were more likely to develop non-atopic
eczema if their milk had a higher ratio of n-6: n-3 LC-PUFA.
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against atopic diseases – including atopic eczema,
food allergy and respiratory allergy throughout
childhood and adolescence. However, the associ-
ation is not conclusive. Some studies have not
shown any benefit from breastfeeding (5) whilst
others suggest breastfeeding may increase the
risk of asthma in later life (6).
Some prospective studies show disturbances in

the fatty acid composition between milk from
atopic and non-atopic mothers with the compo-
sition of n-3 fatty acids related to atopic devel-
opment in the children (7, 8). One study found no
evidence that the fatty acid level of breast milk is
likely to be responsible for the differential effects
of breastfeeding by atopic and non-atopic moth-
ers (9), and another study showed that higher n-3
levels in colostrum may be a risk factor for atopy
(10). However, n-3 fatty acids may exert their
effects by modulating signal transduction and/or
gene expression within inflammatory and
immune cells (11, 12). Infantile eczema is less
likely to be associated with atopy (13), presenting
in the first few months of life and resolving by
2–3 yr of age.
We hypothesized that the fatty acid composi-

tion of maternal breast milk was an important
modulator of the atopy-associated inflammatory
response in a birth cohort of high-risk breastfed
infants at 6 months of age followed to 5 yr. The
objectives of the study reported here were to
measure the fatty acid composition of maternal
breast milk samples collected from the cohort
mothers at the 6 wk and 6 month checks follow-
ing birth, and to determine if there were any
associations with atopic status in the infants at
6 months and 5 yr as measured by doctor diag-
nosed eczema and skin prick test response.

Methods

The Childhood Asthma Study (CAS) com-
menced in 1996 and is based at the Telethon
Institute for Child Health Research in Perth,
Western Australia. It is a prospective birth
cohort study of 263 infants at high risk of atopy.
The CAS was established to recruit high-risk
infants whose families had a history of atopy
(one or both parents had asthma, hayfever or
eczema); 93% of mothers had asthma, eczema or
hayfever (n ¼ 84/91). If the mother did not have
any of the defined conditions, the father was
selected to have one of the conditions mentioned.
Therefore, each child in the study (100% of
children) had a family history of asthma, hayfe-
ver, allergy or eczema.
Mothers attended the research centre at 6 wk

and 6 months after birth for comprehensive

physical testing by the study doctor (MK), skin
testing, questionnaire completion and breast milk
collection. Annual checks were conducted to 5 yr
of age on a variety of atopic endpoints as well as
factors that may be on the aetiological pathway
of atopy. The Ethics Committee at Princess
Margaret Hospital for Children approved the
study.

Breast milk collection

Comprehensive questionnaires on infant feeding
methods were administered at the 6 wk and
6 month check-up after birth. At these check-ups
breast milk samples were collected from each
mother by the study doctor (two 1 ml samples of
breast milk, one from each breast). Breast milk
samples were obtained from 91 mothers at both
6 wk and 6 months. The samples were stored at
)20�C for subsequent fatty acid analyses.

Total fatty acid determination

We used established, conventional methods (14,
15) in determining fatty acid composition. Lipid
extraction and fatty acid analyses were conduc-
ted as described by Mitoulas et al. (16). Fatty
acids (n-3, n-6) were presented as mean values of
fatty acid composition (weight per cent of total
fatty acids – wt%) of the total lipid content of the
milk sample.

Atopy

Skin Prick testing was conducted at 6 months
and 5 yr on all study children to determine atopic
status. Testing was conducted for Alternaria,
house dust mite, cat, ryegrass, Aspergillus, milk
and egg. Histamine 10 mg/ml was used as a
positive control and normal saline as the negative
control. After 15 min the contours of the wheals
were encircled by means of a fine filter tip pen.
Transparent tape was placed on the site of the
drawings and then transferred to a registration
sheet. A positive test was a wheal size of 2 mm or
greater at 6 months, and 3 mm or greater at 5 yr.
The clinical significance of the positive skin prick
tests was to define atopic status. No elimination
or challenge tests were performed.

Eczema

Eczema was defined as an itchy, dry rash on the
face, arms or legs and was confirmed by the study
doctor (MK) at the time of the physical assess-
ment, and following criteria previously described
(17). The mother of the infant was asked at the
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6 month check and on annual checks if their
child had dry skin, or an itchy skin condition at
the moment, or whether their child had ever had
a skin condition which occurred in his/her skin
creases (by skin creases we meant in front of the
elbows, behind the knees, the fronts of the
ankles, around the neck, or around the ears or
eyes). The children in the study were seen at
regular intervals at 6 wk, 6 months, 12 months,
and then annually. Because low-grade sensitiza-
tion is a normal phenomenon in early infancy,
the definition of eczema required that three or
more of the criteria were fulfilled by the study
doctor (MK) at each interval.

Non-atopic and atopic eczema

A child diagnosed with eczema (as defined above)
but who was not atopic was considered to have
�non-atopic eczema�. Children with both eczema
(as defined above) and a positive skin prick test
were considered to have atopic eczema. This was
defined at 6 months and at 5 yr.

Statistical analysis

The general approach we took was first to
perform an analysis of variance (multivariate
anova) to detect differences between groups of
outcomes, and then use a multiple comparisons
procedure (unpaired t-test) to explore the param-
eters producing the different results. For each
outcome in anova, mean, standard error of the
mean (s.e.m.), F-test, least significant difference
(LSD) test and p-values are given. The F-test
detects differences between group means and is
appropriate for any differences between means
which arise naturally out of the structure of the
investigation. The LSD test detects differences
between pairs of means which are significant at
the 5% level. For milk fatty acids the exposure
variables, n-3 and n-6 fatty acids are expressed as
weight% of the total fatty acids and as a ratio of
n-6 to n-3 (from 6 wk and 6 month milk
samples). Independent-sample t-tests were used
to compare the maternal milk fatty acid means
for infants with either no eczema or eczema at
6 months, for infants with positive atopic status
or negative atopic status and for atopic eczema at
6 months and 5 yr. For milk fatty acids, com-
parisons between the two groups identified as
different (eczema, no atopy or eczema) were
performed with an unpaired t-test and mean,
s.e.m., difference and p-value given. The correla-
tions between milk fatty acid and atopic status
were also measured. The level of significance was
p < 0.05. Statistical analyses were performed

using the SPSS for Windows program (Version
11.0; SPSS, Inc., Chicago, IL, USA).

Results

Of the original 263 infants in the study, complete
milk samples (at 6 wk and 6 months) and infant
outcome data were available from 91 mother–
infant pairs. Of the parents 93% of mothers and
86% of fathers had some form of atopy (asthma,
eczema or hayfever). All children had one or
both parents with atopy. All infants were
breastfed from birth but 39% (36/91) received
some infant formula within the first week after
birth. By 6 months all were still breastfeeding
even if they had received formula at any other
time. The children in the cohort received other
foods, with 6% receiving other foods before
4 months, 79% at 4 months, 13% at 5 or
6 months and 2% after 6 months. At 6 months
48% of the infants had been diagnosed with
eczema by a doctor and 30% (13/44) of those
children had a positive skin prick test. By 5 yr
41% of children had any eczema and 30% of
these were atopic. Maternal and child character-
istics are shown in Table 1.
At 6 wk there were more differences in the

milk fatty acid content compared with that at

Table 1. Maternal and infant characteristics

% (n ¼ 91)

Outcomes at 6 months
No atopy or eczema 38.5 (35)
Non-atopic eczema 34.1 (31)
Atopy (positive skin prick test one or more)* 13.2 (12)
Atopic eczema (Atopy and eczema) 14.3 (13)

Outcomes at 5 yr
No atopy or eczema 57.1 (52)
Non-atopic eczema 15.4 (14)
Atopy (positive skin prick test one or more)* 4.4 (4)
Atopic eczema (Atopy and eczema) 23.1 (21)

Atopy at 6 months
Egg 18.5 (17)
Cow's milk 12.0 (11)
House dust mite 6.5 (6)
Aspergillus 4.4 (4)
Cat 5.4 (5)
Rye grass 3.3 (3)
Alternaria 2.2 (2)

Child characteristics
Maternal asthma, atopic eczema or hayfever (%) 93.3 (84)
Paternal asthma, atopic eczema or hayfever (%) 85.7 (78)
Gender of infant (% male) 71.4 (65)
Maternal smoking (%) 2.2 (2)
Mean gestational age at birth (mean weeks · s.d.) 39.00 € 1.51
Birth weight of infant (mean kg € s.d.) 3.43 € 0.44

Exposure variables
Still breastfeeding 6 months – also given formula 100 (91)

*Atopy is identified alone, without eczema.
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6 months in relation to the outcomes. Analysis of
variance was conducted to determine where
differences were significant (Table 2). The biggest
differences observed using LSD tests were
between infants with no atopy or eczema and
infants with non-atopic eczema, for milk n-6 at
6 wk (p ¼ 0.040) and for the ratio of n-6: n-3 in
both the 6 wk (p ¼ 0.001) and 6 month (p ¼
0.005) milk samples. A difference was also
apparent between atopy compared to non-atopic
eczema for n-6: n-3 at 6 months (p ¼ 0.028). No
effect was seen for any outcome at 5 yr.
Some of the fatty acids from the 6 wk milk

sample were increased in infants with non-atopic
eczema at 6 months (total polyunsaturated fatty
acid, total monounsaturated and 18:1n-9, total
n-6, 18:2n-6, and overall n6:n3) whereas a
number were reduced [20:4n-6 (arachidonic acid,
AA); total n-3, 18:4n-3, 20:5n-3 (eicosapentae-
noic acid, EPA) 22:5n-3 (docosapentanoic acid,
DPA) and 22:6n-3 (docosahexanoic acid, DHA)].
The ratio of n-6 to n-3 decreased from 6 wk to
6 months (7.21 at 6 wk; 7.09 at 6 months). The
6 month milk sample showed similar effects to
the 6 wk milk sample with 18:4 n-3, 20:4 n-6, 20:5
n-3 22:5 n-3 and total n-3 decreased overall in
infants with non-atopic eczema, and the ratio of
n-6: n-3 at 6 months being significantly greater.
The increased n-6: n-3 ratio observed in milk of
mothers of infants with non-atopic eczema may
be due to the reduced level of 20:5 n-3 and 22:6
n-3 and increased level of 18:2 n-6. In addition, a
difference was observed between atopy alone and
non-atopic eczema (Table 2) with 22:4 n-6 (p ¼
0.010) and n-6: n-3 (p ¼ 0.050) being increased in
the milk of children with atopy alone. No
differences were apparent between the weight
percentage fatty acid content of breast milk from

mothers with infants who were either positive or
negative for atopy or atopic eczema.
There were no differences in the fatty acid

composition of maternal breast milk at 6 wk and
6 months, although there were significant differ-
ences between n-3 and n-6 from milk at 6 wk,
and the development of non-atopic eczema in
infants at 6 months, with more of the n-3 being
protective (p ¼ 0.044) and more of the n-6 being
a risk (p ¼ 0.018), a result not seen from the
6 month milk sample.
In multivariate logistic regression analyses the

effects of milk n-3 and n-6 on all outcomes were
modelled for both time-points. The higher the
ratio of milk n-6: n-3 at either time-point, the
greater the risk for non-atopic eczema after
adjustment for maternal smoking during preg-
nancy, gestational age, birth-weight and gender.
The introduction of other foods or other milks,
or any other identified confounding variables did
not show any effect on the development of non-
atopic eczema at 6 months or 5 yr. No effect of
n-3, n-6 or n-6: n-3 fatty acids was seen for skin
prick test positive status overall, although skin
prick test wheal size to Alternaria was signifi-
cantly protected by a lower milk n-6: n-3 ratio at
6 wk (p ¼ 0.034) and 6 months (p ¼ 0.022), and
to cat at 6 months (p ¼ 0.019). The small num-
bers of infants atopic to these allergens precludes
any conclusions from these results. There was no
observed association between maternal asthma
or atopy and milk fatty acids, most likely because
the majority of mothers were either asthmatic or
atopic.

Discussion

We have shown in a selected sample of high-risk
infants who were breastfed that the ratio in milk

Table 2. Analysis of variance comparing weight% of n3 and n-6 fatty acids and the ratio of n-6: n-3 fatty acids from milk samples (6 wk and 6 months) and
outcomes (no atopy or eczema, non-atopic eczema, atopic, atopic eczema) at 6 months and 5 yr

Fatty acids from
milk sample (SE)

Outcome at 6 months (n ¼ 91) Outcome at 5 yr (n ¼ 91)

No atopy or
eczema

Non-atopic
eczema

Atopy
(SPT+)

Atopic
eczema F-Test p-value

No atopy or
eczema

Non-atopic
eczema

Atopy
(SPT+)

Atopic
eczema F-Test p-value

Wt% milk n-3
6 wk 2.44 (0.12) 2.12* (0.08) 2.14 (0.19) 2.18 (0.12) 1.76 0.161 2.28 (0.09) 2.25 (0.13) 2.49 (0.48) 2.26 (0.11) 0.393 0.758
6 mo 2.32 (0.11) 2.05 (0.08) 2.29 (0.21) 2.16 (0.15) 1.30 0.280 2.26 (0.09) 2.25 (0.13) 1.81 (0.82) 2.09 (0.86) 1.06 0.369

Wt% milk n-6
6 wk 12.80 (0.56) 14.60* (0.47) 13.27 (0.56) 13.27 (0.56) 2.37 0.076 13.61 (0.35) 13.90 (0.59) 15.16 (0.56) 12.87 (0.88) 0.898 0.446
6 months 13.13 (0.47) 14.06 (0.59) 12.91 (0.95) 13.70 (1.12) 0.608 0.612 13.44 (0.41) 13.98 (0.83) 11.00 (0.43) 13.81 (0.86) 0.986 0.403

Milk n-6:n-3
6 wk 5.54 (0.28) 7.21 (0.38)** 6.75 (0.69) 6.27 (0.39) 4.39 0.006 6.28 (0.23) 6.46 (0.46) 7.21 (2.04) 6.37 (0.55) 0.265 0.850
6 months 5.87 (0.19) 7.09 (0.38)*** 5.79 (0.32)� 6.38 (0.64) 3.37 0.022 6.26 (0.26) 6.29 (0.31) 6.21 (0.82) 6.77 (0.43) 0.436 0.728

LSD tests, *p ¼ 0.040 (n-3); p ¼ 0.010 (n-6) compared with no atopy or eczema; **p ¼ 0.001 compared with no atopy or eczema; ***p ¼ 0.005 compared with no
atopy or eczema;
�p ¼ 0.028 compared with non-atopic eczema.
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of n-6: n-3 fatty acids is associated with the risk
of non-atopic eczema at 6 months. We found
that in infants with non-atopic eczema as diag-
nosed by a doctor, that the milk from their
mothers had less n-3, more n-6 and a higher ratio
of n-6: n-3 than breastfed infants with no
symptoms. These findings suggest that it is
current dietary fatty acid intake that is important
in the manifestation and modulation of inflam-
matory symptoms but not atopic symptoms at an
early age.
This was a high risk cohort of mothers

enrolled in mid-pregnancy (before any foetal
outcomes were known). In consequence, the
study population was globally enriched for both
genetic and environmental determinants that
increase the risk of atopy. Such ascertainment
will greatly reduce the power to detect the effect
of atopy but will have a much lesser effect on the
power to detect the effect of non-atopic eczema
(18). This was a high socioeconomic group,
therefore, the generalizability of this study may
be compromised. The introduction of other
foods into the infant diet before 6 months could
have affected the prevalence of non-atopic
inflammatory symptoms, although we did not
identify this as such. We did not comprehensively
assess maternal dietary effects on n-3 or n-6 in
the milk samples. Breastfeeding history was
collected and verified by nurse interview when
the child was 6 wk and 6 months of age, and
there was a high rate of breastfeeding to at least
6 months. Although we could not ensure that the
cohort was exclusively breastfed, they were
predominantly breastfed.
Collection of outcome data was prospective

and at frequent intervals and was based on
validated questionnaires and methodologies. In
relation to the inclusion of other tests for food
allergens the observations would not change with
inclusion of other allergen tests as these are rarely
positive in early life. The most common allergens
at 6 months in our data were milk (12%) and egg
(18.5%). The chosen allergen panel was used at
6 months and 5 yr, and atopy was defined not
only at 6 months but also at 5 yr.
Duchén hypothesized that variations in the

lipid composition of milk could in part explain
some of the controversies regarding the protect-
ive effects of breastfeeding against allergy (19)
and concluded that fatty acid composition of
human milk is disturbed in atopic mothers
having an effect on atopic sensitization in the
first 12 months of life (20, 21). Yu (21) showed
that disturbances in the composition of the
n-6 and n-3 fatty acids in milk may be related
to atopic disease in infancy (7). Relatively

lower long-chain polyunsaturated fatty acid
(LC-PUFA), especially EPA in relation to AA
were found in milk from mothers of atopic babies
at 1 month (8) and the n-6: n-3 ratio was higher
in the milk from mothers with atopic babies. In a
randomized controlled trial the gamma-linoleic
acid concentration in plasma phospholipid
between baseline and 3 months was negatively
associated with atopic dermatitis severity at 1 yr
(p ¼ 0.013) but did not affect total serum
immunoglobulin E (IgE) (22). Our data showed
that total n-3, particularly the very LC-PUFA
were reduced in the milk consumed by infants
who manifested non-atopic eczema (p < 0.05)
indicating that lower levels of the very long chain
carbon chains are related to inflammatory
infantile eczema but not atopy.
Eicosapentaenoic acid has been shown to

reduce inflammation and improve symptoms of
inflammatory skin diseases (23, 24). In the skin,
the highly active epidermal 15-lipoxygenase con-
verts EPA into 15-hydroxyeicosapentaenoic acid
(15-HEPE) and DHA into 17-hydroxydocosa-
hexaenoic acid (17-HdoHE) (25). These mono-
hydroxy acids exhibit anti-inflammatory
properties, possibly by inhibiting the activity of
5-lypoxygenase in mononuclear cells, thus inhib-
iting the synthesis of leukotrienes (26). The
predominant fatty acid in cells is AA. However,
the fatty acid composition of diet can affect the
ratio of fatty acids in immune cells, thus influ-
encing their functions (27). This is supported by
studies showing supplementation of EPA can
improve inflammatory skin problems such as
itching, scaling and erythema (23, 24). It is still
controversial as to which level of EPA intake is
required for the beneficial effects, and the
requirements may differ according to individuals
or age groups. In our study, we suggest that the
differences were sufficient between groups to
show a relationship with non-atopic eczema.
As the mechanism of non-atopic eczema is

complex and not completely known, the path-
ways through which EPA may prevent its devel-
opment are not completely understood. For
example, while it is known that eczema is mainly
IgE-mediated, recent evidence suggests that a
non-IgE-mediated mechanism may be respon-
sible for food-induced eczema (28). Future stud-
ies exploring the development of eczema should
consider the role of LC-PUFA in its develop-
ment.

Conclusion

Prophylactic measures are required to prevent
the inflammatory skin condition of eczema in
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infants who are breastfed. The present report
highlights the potential importance of an
increased n-6: n-3 breast milk fatty acid ratio as
a risk factor for non-atopic eczema in infancy.
Although this association does not mean a causal
relationship, it is feasible that administration of
n-3 to correct the balance either as a supplement
or as a food source for mothers during pregnancy
and lactation may decrease the ratio of n-6: n-3
in maternal milk, thereby protecting against
eczema in breastfed infants.
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