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Summary

Background The major theory implicating diet with allergic diseases is associated with altered
food consumption and subsequent changes in fatty acid composition.
Objective To investigate fatty acid compositions among infants with atopic and non-atopic
eczema and healthy infants and to evaluate the expediency of non-invasive cheek cell
phospholipid fatty acid composition as a marker in patients with eczema.
Methods Diagnosis of eczema in infants was confirmed clinically and by positive (atopic
eczema, n = 6) or negative (non-atopic eczema, n = 6) skin prick testing in comparison with
controls (n = 19). The fatty acid compositions of infant cheek cell and serum phospholipids
and breast milk total lipids were analysed by gas chromatography.
Results The distinction between atopic and non-atopic eczema was manifested in cheek cell
phospholipids as linoleic acid (14.69 (13.67–15.53)% of total fatty acids; the median
(interquartile range)), the sum of n-6 fatty acids (19.94 (19.06–20.53)%) and the sum of
polyunsaturated fatty acids (22.70 (21.31–23.28)%) were higher in infants with atopic eczema
compared with non-atopic eczema (12.69 (10.87–13.93); 17.72 (15.63–18.91) and 19.90
(17.64–21.06), respectively; Po 0.05) and controls (12.50 (12.16–13.42); 18.19 (17.43–18.70)
and 20.32 (19.32–21.03), respectively; Po 0.05). Serum phospholipid g-linolenic acid was
lower in both atopic and non-atopic eczema compared with controls (Po 0.05) and
additionally eicosapentaenoic acid was higher in atopic eczema compared with controls
(Po 0.05).
Conclusion These preliminary results suggest differences in fatty acid compositions between
the two types of eczema, calling for further evaluation in a larger setting. The two types of
eczema may be regulated by different immunological processes, and fatty acids may have a
more profound role in the atopic type.
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Introduction

Causes have been sought for the rise in the prevalence of
allergic disease [1], investigations ranging from nutrition
to general environmental changes. The onset of allergic
disease has been seen to result from exposure to dietary or
environmental antigens and subsequent sensitization.
However, the elimination of environmental factors, in-
cluding certain elements of diet [2], has failed to effect a
convincing long-term impact in reducing the risk of
allergic disease.

Currently, the major theory implicating diet with aller-
gic diseases is associated with altered dietary habits,
mainly the consumption of margarine [3] or fish [4],
modifying fatty acid intake. In particular, the increased
intake of n-6 fatty acids results in the production of
arachidonic acid (AA, 20:4n-6)-derived eicosanoid pros-
taglandin E2 and thereby in elevated IgE synthesis, pro-
inflammatory cytokine responses and hence allergic dis-
ease [5]. However, supplementation with single dietary
components including fatty acids [6, 7], which have
become popular in the search for the factors associated
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with allergic disease overlooks the role of the overall
dietary composition with a range of nutrients and other
potentially active components.

Equally, it is recognized that allergic disorders form an
inchoate group of diseases. Eczema, the first expression of
atopic disease, may be classified according to the clinical
manifestation and response to detection of antigen-spe-
cific IgE antibodies by serum or skin test in atopic
(allergic) eczema in comparison with non-atopic (non-
allergic) eczema [8]. In like manner, the onset of allergic
disease may evolve via different mechanisms.

Previous studies exploring the role of fatty acids in
allergic disease have for the most part focused on patients
with manifest disease or the diagnosis of eczema has been
obtained by non-clinical methods, including question-
naires not mentioning differentiation of type, and possi-
bly explaining inconclusive results [9–11]. The opposite
approach was adjusted in the present study. In this pilot
study, we investigated whether differences in fatty acid
compositions could be detected in well-defined groups of
infants with atopic and non-atopic eczema. We further
sought to establish whether a non-invasive cheek cell test
for phospholipid fatty acid composition [12–14] reflecting
the current dietary composition and closely connected
with mucosa-associated immune effector cells [15] may
be used as a marker in infants with eczema.

Methods

Subjects and study design

Breastfeeding mothers participating in an ongoing
mother–infant follow-up study were asked to donate
breast milk samples, and serum and cheek mucosal cell
samples from their children for the present study. The
study was approved by the Ethical Committee of the
Hospital District of South–West Finland. Informed con-
sent was obtained from the mothers.

Infants were recruited into the study in the order of
enrolment at study visits at the age of 1 or 6 months
(controls) or at additional visits for evaluation of symp-
toms of allergic disease. At the time of sample collection
the median age of the infants was 5.6 months (interquar-
tile range (IQR) 1.3–6.1). Diagnosis of atopic eczema was
confirmed if the following features were detected: prur-
itus, facial and/or extensor involvement and chronic
course of at least 1 month [16]. The median age at onset
of symptoms in children with eczema was 2.5 (IQR
1.6–3.8) months.

Sensitization to common antigens was measured by
skin prick testing as described previously [17] in infants at
the time of sample collection or, in children younger than
4 months, at 6 or 12 months (one child) of age and in
mothers during the last trimester of pregnancy. The
antigens tested included cow’s milk, hen’s egg white,

wheat and rice flour both diluted 1/10 (w/v) with 0.9%
(w/v) sodium chloride, gliadin diluted 1 mg/mL with
ethanol/glyceroleum/ALK-diluent (Allergologisk Labora-
torium A/S, Horsholm, Denmark) mixture, cod, soya bean,
birch, six grasses, cat, dog, dermatophagoides pteronyssi-
mus allergen (Allergologisk Laboratorium A/S), latex
(Stallergenes S.A., Antony Cedex, France) and banana,
potato and carrot by the prick–prick technique and for
mothers also peanut, hazelnut, alder and mugwort (Aller-
gologisk Laboratorium A/S).

Three infants with eczema yielded a positive skin prick
test (SPT) for milk, one for egg, one for milk and egg and
one for egg and potato. Infants with no clinical symptoms
of eczema and negative SPT result were included in the
control group (n = 19). Infants with eczema were divided
into two groups according to positive (n = 6, atopic
infants) or negative (n = 6, non-atopic infants) SPT results.
There were no differences between the groups in age at the
time of skin prick testing (median (IQR); atopic eczema 6.4
(6.0–8.6), non-atopic eczema 5.0 (2.9–6.5) and controls
6.1 (6.0–6.3) months, P = 0.286, Kruskal–Wallis test). Al-
lergic disease in mothers was defined as the presence of
self-reported atopic eczema, allergic rhinitis, asthma or
food intolerance and a positive SPT result (n = 16) and
healthy mothers with no allergic disease and negative SPT
reaction (n = 12).

Weights and heights of the children were measured at
study visits, background data on family history were
obtained by interview and hospital records were examined
for birth data on the children. The birth and clinical
characteristics of the infants and mothers were compar-
able and are presented in Table 1.

Definitions: Here, atopic eczema comprises atopic eczema
according to Hanifin’s criteria [16] and positive SPT result [8].

Non-atopic eczema comprises atopic eczema according to
Hanifin’s criteria [16] and negative SPT result [8].

Controls comprise no symptoms of atopic eczema and
negative SPT result.

Dietary evaluation

Dietary intake of the mothers was evaluated by 3-day food
diaries with household measures and the frequency of fish
consumption during the 2 weeks prior to the sampling was
ascertained by interview. Energy and nutrient intakes
were calculated with a Micro-Nutricas computerized
program (version 2.0, Research Centre for Social Insur-
ance Institution, Turku, Finland).

Sampling

Breast milk collection was standardized for all mothers.
First thing in the morning, infants were allowed to suckle
for a few minutes and then a milk sample was collected by
manual expression, whereafter feeding continued. Blood
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samples were drawn from the antecubital vein by a
laboratory technician. Several sampling devices were
tested with adults to ensure efficient cheek cell collection.
Gynobrush (Heintz Herenz, Hamburg, Germany) was se-
lected because it could easily be bent into a circular shape,
the sample obtained was of reasonable size for analysis,
the brush was easy to use, and it was economical. To
isolate the cheek cells, the mouth of the infant was
first rinsed with a few sips of water. Mucosal cells were
then scraped with a circular-shaped Gynobrush (Heintz
Herenz). Both sides of the inner cheeks were stroked back
and forth 25 times. The cells were suspended in saline and
isolated by centrifugation (3030 g, 10 min). All samples
were frozen and stored at � 70 1C until analysis of fatty
acid compositions of infant cheek cell and serum phos-
pholipids and breast milk total lipids.

Fatty acid analysis

Total lipids in the samples were extracted with chloro-
form : methanol 2 : 1 v/v[18]. Polar lipids of cheek cell and
plasma samples were then separated from neutral lipids by
solid-phase extraction with silica columns [19]. As sam-
ples were assumed not to contain significant amounts of
free fatty acids or mono or diacylglycerols, the polar lipid
fraction was taken to consist of phospholipids.

Fatty acid methyl esters were prepared from the isolated
polar lipid fraction of cheek cells and plasma, and total
lipids of the breast milk with boron trifluoride, and
analysed by gas chromatography (PerkinElmer Auto-
System, Norwalk, CT, USA) with a DB-23 column (60 m
� 0.25mm i.d., 0.25mm film thickness; Agilent Technolo-
gies, Palo Alto, CA, USA). Diheptadecanoylphosphatidyl-
choline (Sigma-Aldrich, St Louis, MO, USA) was used as an
internal standard in cheek cell and plasma samples and
triheneicosanoin (Sigma-Aldrich) in breast milk samples.

The small amount of lipids in the infant cheek cells
constituted a challenge for fatty acid composition analy-
sis. All glassware and equipment used were new and

disposable. The lipid class fractionation process was
scaled down from that of Hamilton and Comai [19] and
the gas chromatographic analysis was run from a volume
of 50 mL in vial inserts. Boron trifluoride was used as a
catalyst for the methylation reaction because it did not
leave a precipitate at the bottom of the inserts. Splitless/
split injection was used to ensure the passage of the
sample to the column without overloading the column
with the solvent.

Statistical methods

Values are reported as the median and IQR, unless other-
wise stated. The differences among the three groups were
analysed by a non-parametric Kruskal–Wallis test and by
the Mann–Whitney U–test between the two groups. Fish-
er’s exact test was used for dichotomous variables. Corre-
lations between lipid classes were analysed by Pearson’s
correlation coefficient (r) and by Spearman’s rank correla-
tion coefficient (r) for analysis including only the exclu-
sively breastfed infants. All statistical analyses were
performed on SPSS for Windows (version 12.0.1; SPSS
Inc., Chicago, IL, USA).

Results

Association of maternal diet and allergic disease with fatty
acid compositions

Mothers’ (n = 30) mean (� standard deviation (SD)) daily
intake of energy was 8.5 (� 1.5) MJ, protein 85.1
(� 18.3) g, carbohydrates 246 (� 57) g, fat 74.8 (� 19.4) g,
saturated fatty acids (SFA) 28.3 (� 8.3) g, monounsaturated
fatty acids (MUFA) 25.8 (� 7.5) g and polyunsaturated
fatty acids (PUFA) 13.9 (� 5.3) g. There were no differences
in the intakes of energy and energy-yielding nutrients
among the three groups (all NS, Kruskal–Wallis test, data
not shown). The maternal intake of PUFA correlated with
linoleic acid (LA, 18:2n-6 r = 0.392, P = 0.039), sum of n-6

Table 1. Birth, clinical and maternal characteristics of infants with atopic and non-atopic eczema and control infants�

Atopic eczema (n = 6) Non-atopic eczema (n = 6) Controls (n = 19)

Birth characteristics
Weight (g) 3510 (3450–4165) 3560 (3560–3730) 3570 (3570–4460)
Length (cm) 51 (50–53) 51 (50–55) 51 (47–54)
Head circumference (cm) 36 (34–37) 36 (36–37) 35 (33–37)
Duration of gestation (weeks) 40 (38–42) 41 (39–41) 40 (38–42)

Clinical characteristics at sampling
Weight for height (%) � 0.50 (� 4 to 17) 1.50 (� 1 to 11) � 5.0 (� 16 to 23)
Height (SD score) � 0.15 (� 1.0 to 1.0) 0.40 (� 1.0 to 1.5) 0.20 (� 1.8 to 2.1)

Maternal characteristicsw

Maternal allergic disease 5 (80) 6 (100) 14 (73)
Positive skin prick test in mother 4 (67) 6 (100) 11 (61)

�Data are shown as median and (range) unless otherwise stated. Differences amongst groups not significant (Kruskal–Wallis test). wn and (%). Differences
between combined group of atopic patients and controls not significant (Fisher’s exact test).
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fatty acids (r = 0.392, P = 0.039) and sum of PUFA
(r = 0.425, P = 0.024) in breast milk. Intake of SAFA corre-
lated inversely with breast milk AA (r =� 0.432, P = 0.022)
and sum of n-6 fatty acids (� 0.394, P = 0.038).

Both the serum and cheek cell phospholipid eicosapen-
taenoic acid (EPA, 20:5n-3) and docosahexaenoic acid
(DHA, 22:6n-3) were higher in infants whose mothers had
consumed fish during the 2-week period prior to sample
collection (83% of the mothers) compared with those
whose mothers had not consumed fish (Fig. 1). The
proportion of breast milk total lipid DHA was higher in
mothers who had consumed fish compared with those
who had not, but no difference was observed in the
proportion of EPA. The proportion of mothers consuming
fish was not different between controls and infants with
eczema (P = 0.682).

Breast milk dihomo-g-linolenic acid (DHGLA, 20:3n-6)
(0.28 (0.25–0.34)%) and the ratio of n-6 to n-3 fatty acids
(5.25 (4.59–6.02)%) were higher in mothers with allergic
disease compared with mothers without allergic disease
(DHGLA 0.24 (0.19–0.27)%, P = 0.033; ratio of n-6 to n-3
fatty acids 4.54 (4.04–4.84)%, P = 0.020). Cheek cell phos-
pholipid AA (3.55 (3.00–4.05)%) and sum of PUFA (19.99
(18.54–21.10)%) were lower in infants whose mothers
had allergic disease (n = 18) compared with those infants
whose mothers were healthy (n = 12; AA 3.94 (3.63–
4.67)%, P = 0.035; sum of PUFA 21.37 (20.34–22.53)%,
P = 0.043). No differences were found in infants’ serum
phospholipid fatty acid composition according to mater-
nal allergic disease status.

Correlations between cheek cell and serum phospholipid
and breast milk total lipid fatty acid compositions

The proportions of cheek cell phospholipid a-linolenic
acid (ALA, 18:3n-3), EPA, DHA, DHGLA and AA as well as
the sum of n-3 fatty acids and ratio of LA/ALA and ratio of
n-6 to n-3 fatty acids correlated with those of serum
phospholipid fatty acids (Table 2). Equal significant corre-
lations were found for breast milk and serum phospholipid
fatty acid compositions, except that no correlation was
observed for ALA and the ratio of n-6 to n-3 fatty acids
and a significant correlation was found for the ratio of
AA/EPA. The cheek cell phospholipid ALA, EPA, DHA,
20:2n-6, sum of n-3 fatty acids and ratio of AA/EPA
correlated with those of breast milk fatty acids.

Fatty acid compositions among serum and cheek cell
phospholipids and breast milk total lipids in infants with
atopic and non-atopic eczema and controls

The proportion of serum phospholipid g-linolenic acid
(GLA, 18:3n-6) was lower in both atopic and non-atopic
eczema subjects compared with controls, and additionally
EPA was higher in atopic eczema but not in non-atopic
eczema compared with controls (Table 3). Cheek cell
phospholipids LA, sum of n–6 fatty acids and sum of
PUFA were higher in infants with atopic eczema com-
pared with controls and compared with infants with
non-atopic eczema.

Cheek cell phospholipid 22:1n-9 was lower in infants
with non-atopic eczema (0.14, 0.10–0.22) compared with
controls (0.29, 0.23–0.44; P = 0.003), but comparable with
that in infants with atopic eczema (0.22, 0.11–0.40,
P = 0.394; Kruskal–Wallis test, P = 0.031). No differences
were found among the groups in the compositions of other
MUFA or SFA in serum or cheek cell phospholipid (data
not shown) or breast milk total lipid fatty acid composi-
tions (Table 3.)
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Fig. 1. Proportions of eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) of total fatty acids in serum and cheek cell phospholipids
from infants whose mothers had consumed fish (’, n = 24), compared
with those who had not (&, n = 5) and in breast milk total lipids
according to mothers’ fish consumption. The bars represent median and
the error bars interquartile range. Significant difference between the
groups. �Po 0.05, Mann–Whitney U-test.
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Discussion

Fatty acids are evidently important immune regulators,
but their significance in allergic disease remains to be
elucidated. We have provided preliminary evidence of a
discrepancy in the fatty acid composition of infants with
atopic as opposed to non-atopic eczema and healthy
infants by applying cheek cell fatty acid composition,
thus offering a tool for larger studies.

The cheek cell fatty acid composition may provide a
particularly useful marker to reflect current dietary fatty
acid composition. Although some studies have observed
differences in the fatty acid composition of breast milk
received by infants with allergic disease compared with
controls [9, 20], also opposing results [11], supported by
those in the present study, have also been reported. This
may reflect a variability in breast milk composition
depending on factors such as the duration or stage of
feeding and the method of expression, although variabil-
ity may be reduced by collecting samples in a systematic
manner and presenting data as proportional fatty acid
composition rather than concentrations, as was done in
our study. Cheek cells are available non-invasively and
they have a rapid turnover rate, which may better reflect
the infant’s current diet [12–14] than serum fatty acid
composition, even if the fatty acid analysis involved
considerable effort because of the small cell material
obtainable from the infants. The additional advantage of
using cheek cells is that they may be used to reflect the site
of mucosal immunity, the first line of protection in the
gastrointestinal tract [15], wherein fatty acids may con-
tribute [21].

The most prevalent explanation for the altered fatty
acid composition in allergic disease is an impaired capa-
city to metabolize n-6 PUFA and a deficient d-6-desatur-
ase activity, which view has not, however, received
consistent support [10, 22]. Our results on high cheek cell
LA and sum of n-6 fatty acids in atopic eczema compared
with controls might by the same token support the
conception whereby atopic patients evince elevated IgE
synthesis deriving ultimately from preponderant n-6 fatty
acids. Also, similar to Biagi et al. [23], low serum GLA was
observed in both types of eczema. However, the high
serum EPA in atopic eczema compared with controls
observed in the present study, in accord with reports on
allergic asthma [24], but not eczema [22, 23] and the
absence of differences among the groups in the ratios of
the product to precursor fatty acids or n-6 to n-3 fatty
acids, appear to challenge this theory. Another explana-
tion may be that there are differences in the incorporation
of PUFA into cell membranes.

In harmony with our finding of elevated EPA in atopic
eczema, plasma EPA has been seen to correlate with IgE
concentration [24]. This and recent clinical observations
have provided evidence for the possible deleterious effects
of n-3 fatty acids in allergic disease, as total n-3 fatty
acids, docosapentaenoic acid and DHA were higher in
colostrum received by infants sensitized to foods at 6
months [25] and the risk of asthma was increased in
relation to increased dietary intake of EPA and DHA and
alternatively reduced in relation to erythrocyte membrane
LA levels [26]. The possible adverse effects of n-3 fatty
acids may be explained by their direct effect on T helper 1
cell activation because of the suppression of IL-2 and by

Table 2. Correlations between breast milk total lipid and cheek cell and serum phospholipid fatty acid compositions (FA)�

Fatty acid

Cheek cell FA with serum FA (n = 18) Cheek cell FA with breast milk FA (n = 18) Breast milk FA with serum FA (n = 17)

Rw P Rw P Rw P

Total saturated � 0.05 NS � 0.16 NS 0.05 NS
Total monounsaturated 0.42 NS � 0.12 NS 0.26 NS
18:3n-3 0.55 0.01 0.60 0.008 0.27 NS
20:5n-3 0.56 0.01 0.53 0.02 0.87 o 0.01
22:6n-3 0.72 0.001 0.49 0.04 0.75 0.001
Sum n-3 0.78 o 0.001 0.52 0.02 0.72 0.001
18:2n-6 0.25 NS � 0.40 NS � 0.12 NS
18:3n-6 � 0.41 NS 0.02 NS � 0.16 NS
20:2n-6 0.01 NS � 0.49 0.04 0.20 NS
20:3n-6 0.49 0.03 0.25 NS 0.73 0.001
20:4n-6 0.61 0.007 0.02 NS 0.60 0.01
Sum n-6 � 0.11 NS � 0.43 NS 0.04 NS
Total polyunsaturated � 0.08 NS � 0.37 NS 0.34 NS
18:2n-6/18:3n-3 0.60 0.01 0.36 NS 0.67 0.003
20:4n-6/20:5n-3 0.42 NS 0.56 0.02 0.78 0.001
Sum n-6/sum n-3 0.86 o 0.001 0.39 NS 0.48 NS

�Only control infants are included in the analysis. wPearson’s correlation coefficient.
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Table 3. Fatty acid composition of serum and cheek cell phospholipids and breast milk total lipids in infants with atopic and non-atopic eczema and
control infants (% of total fatty acids)

Fatty acid

Atopic eczema (n = 6) Non-atopic eczema (n = 6) Controls (n = 19�)

P-valuewMedian IQR Median IQR Median IQR

Cheek cell phospholipids
Total saturated 36.41 35.51–37.27 35.66 35.27–42.11 38.08 36.12–39.19 NS
Total monounsaturated 41.51 39.78–42.54 43.26 39.17–45.42 41.78 40.11–43.64 NS
18:3n-3 0.15 0.10–0.18 0.11 0.06–0.16 0.11 0.09–0.15 NS
20:5n-3 0.54 0.46–0.74 0.39 0.27–0.59 0.39 0.33–0.49 NS
22:6n-3 1.78 1.56–1.89 1.57 1.17–1.72 1.65 1.33–1.79 NS
Sum n-3 2.53 2.23–3.04 2.21 1.52–2.41 2.10 1.81–2.37 NS
18:2n-6 14.69 13.67–15.53z,‰ 12.69 10.87–13.93 12.50 12.16–13.42 0.02
18:3n-6 0.06 0.03–0.11 0.07 0.04–0.08 0.09 0.08–0.12 NS
20:2n-6 0.21 0.15–0.33 0.30 0.16–0.71 0.23 0.20–0.32 NS
20:3n-6 0.96 0.85–1.10 1.01 0.92–1.20 1.15 0.92–1.48 NS
20:4n-6 3.94 3.63–4.31 3.43 3.00–3.77 3.69 3.16–4.15 NS
Sum-6 19.94 19.06–20.53z,‰ 17.72 15.63–18.91 18.19 17.43–18.70 0.02
Total polyunsaturated 22.70 21.31–23.28z,‰ 19.90 17.64–21.06 20.32 19.32–21.03 0.03
Sum n-6/sum n-3 7.87 6.89–8.81 8.60 6.86–11.39 8.55 7.59–9.70 NS

Serum phospholipids NS
Total saturated 46.53 45.99–47.14 46.91 46.41–47.27 46.58 46.41–46.97 NS
Total monounsaturated 14.02 13.30–14.62 14.40 13.76–15.77 14.73 14.41–16.17 NS
18:3n-3 0.22 0.14–0.26 0.19 0.15–0.22 0.19 0.17–0.22 NS
20:3n-3 0.13 0.10–0.16 0.12 0.07–0.16 0.11 0.09–0.14 NS
20:5n-3 0.90 0.76–1.18z 0.71 0.47–1.10 0.56 0.50–0.68 0.04
22:6n-3 5.62 5.04–6.03 4.61 3.94–5.87 4.57 3.97–5.30 NS
Sum n-3 6.86 6.43–7.31 5.53 4.72–7.38 5.50 4.58–6.06 NS
18:2n-6 20.98 19.37–21.73 19.43 17.20–21.54 20.04 18.66–22.23 NS
18:3n-6 0.02 0–0.03z 0.01 0–0.03z 0.04 0.03–0.06 0.006
20:2n-6 0.37 0.34–0.38 0.41 0.36–0.45 0.37 0.33–0.43 NS
20:3n-6 2.30 1.96–2.43 2.97 2.45–3.26 2.84 2.11–3.36 NS
20:4n-6 9.57 8.61–9.80 9.28 8.25–11.68 8.90 7.73–10.45 NS
Sum-6 32.79 31.63–33.55 32.78 31.76–33.55 32.62 31.61–33.23 NS
Total polyunsaturated 39.16 38.53–40.51 38.59 37.91–39.37 38.22 37.39–38.85 NS
Sum n-6/sum n-3 4.79 4.50–5.11 6.02 4.33–7.11 5.95 5.41–7.18 NS

Breast milk lipids
Total saturated 43.73 42.60–47.25 43.35 40.54–42.67 44.73 40.05–49.27 NS
Total monounsaturated 41.60 40.40–42.85 42.92 40.09–46.23 42.90 38.63–44.36 NS
18:3n-3 2.16 1.24–2.56 1.88 1.25–2.25 1.70 1.31–2.14 NS
20:3n-3 0.06 0–0.12 0.04 0–0.08 0.06 0.05–0.07 NS
20:5n-3 0.12 0.10–0.17 0.09 0.05–0.13 0.06 0.05–0.10 NS
22:6n-3 0.36 0.31–0.52 0.23 0.19–0.34 0.25 0.19–0.42 NS
Sum n-3 2.58 1.83–3.24 2.31 1.51–2.73 2.01 1.70–2.69 NS
18:2n-6 10.61 8.74–11.73 10.72 8.89–11.68 9.43 8.40–11.04 NS
18:3n-6 0.09 0.07–0.09 0.08 0.07–0.09 0.07 0.05–0.10 NS
20:2n-6 0.19 0.16–0.23 0.20 0.17–0.23 0.20 0.18–0.23 NS
20:3n-6 0.25 0.20–0.27 0.27 0.22–0.29 0.26 0.20–0.33 NS
20:4n-6 0.32 0.30–0.36 0.29 0.27–0.31 0.32 0.27–0.37 NS
Sum-6 11.53 9.51–12.60 11.61 9.68–12.53 10.34 9.44–11.97 NS
Total polyunsaturated 13.55 11.62–15.84 14.07 11.08–15.05 12.75 11.19–15.38 NS
Sum n-6/sum n-3 4.26 3.69–5.69 5.11 4.61–6.31 4.76 4.50–5.75 NS

�One serum sample is missing from the control group because of difficulty in sample withdrawal. wKruskal–Wallis test. zDifferent from controls and
‰from infants with non-atopic eczema, Po 0.05, Mann–Whitney U-test.
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indirect suppression of T helper 1 cells by the enhanced
cross-regulatory function of T helper 2 cells observed in
mice [27]. Alternatively, the effects of EPA may ensue via
its regulatory role vis-à-vis n-6 fatty acids by means of
inhibiting n-6 PUFA-derived eicosanoid production [28].
This effect of EPA would be particularly unfavourable in
allergic disease, as both GLA and AA induce the activity of
T regulatory cells [29].

Another explanation for the altered fatty acid composi-
tion in allergic disease may be simply the resulting
immune responses after the synthesis of eicosanoids [30].
One explanation for the low serum GLA in both types of
eczema compared with controls in the present study may
be its rapid metabolism to its successor fatty acids and an
attempt at compensatory production of n-6 PUFA-derived
eicosanoids. n-6 fatty acids may exhibit a beneficial role
in allergic disease via the effects of T helper 3 or T regu-
latory cells and thus via anti-inflammatory transforming
growth factor-b2 and IL-10 production [21].

Whether the determining characteristic of fatty acids in
allergic disease is their quantity or relative amount
remains to be elucidated. In the rat, the balance between
n-6 and n-3 fatty acids in the maternal diet has been
shown to influence the ontogeny of the intestine in the
offspring [31], and recently, the induction of immunolo-
gical tolerance to ovalbumin in the offspring [32], which
highlights the importance of the dietary fatty acid bal-
ance. This also calls in question the use of artificial
supplementation of high doses of fatty acids with possible
deleterious (or ineffective) influences in allergic disease.
Modification of the maternal diet instead may provide a
safe and moreover a natural mode of nourishment [33],
which we will further evaluate in the ongoing study. Such
a view is supported by our results showing differences in
fatty acid composition according to mothers’ habitual fish
consumption (not supplementation) and associations be-
tween maternal diet and breast milk or infant fatty acid
compositions, and a previous study showing an associa-
tion between the lactating mother’s dietary fatty acid
composition and atopic sensitization of the infant [34].
Allergic disease in the mother imposes a further risk of
allergic disease in the infant by influencing the fatty acid
composition of the breast milk as observed in the present
and previous studies [35], which, however, we were
previously not able to observe, possibly because of a less
precise definition of allergic disease, which did not take
into account IgE concentration or SPT reactivity [30].

The present study highlights differences in fatty acid
composition between the two types of eczema and in
comparison with controls. This may result from different
immunological processes regulating the onset of the
atopic and non-atopic types of eczema, in the former of
which fatty acids may have a more profound role. The
importance of understanding the differences between the
two types of eczema is thus emphasized. However, being

the earliest of allergic conditions, eczema may act as a
portal for the development of IgE-mediated atopic mani-
festations and children with eczema who are initially
negative to skin prick testing may became positive [36].
We intend to follow-up these children in the ongoing
mother–infant study and to further explore the issue as
there is a risk of underestimating the differences because
of small number of subjects in each group.

As the differences in fatty acid composition were
observed at an early age, maternal dietary modification
commencing during pregnancy, complemented with in-
fant dietary modification, may provide a tool for both
risk reduction and the prevention of disease progression.
The route for the first allergic responses arises from the
gastrointestinal tract and thus early modification of the
diet towards a balanced intake of nutrients and taking into
account interactions among nutrients and microbes [33]
may offer a preventive tool in addressing the increasing
problem of eczema.
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17 Kalliomäki M, Salminen S, Arvilommi H, Kero P, Koskinen P,
Isolauri E. Probiotics in primary prevention of atopic disease: a
randomised, placebo-controlled trial. Lancet 2001; 357:1076–9.

18 Folch J, Lees M, Stanley GHS. A simple method for the isolation
and purification of total lipids from animal tissues. J Biol Chem
1957; 226:497–509.

19 Hamilton JG, Comai K. Rapid separation of neutral lipids, free
fatty acids and polar lipids using prepacked silica Sep-Pak
columns. Lipids 1988; 23:1146–9.
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