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Abstract

Background: Diets high in n-3 long chain polyunsaturated faityds (LCPUFA) may
modulate the development of IgE-mediated allerggease and have been proposed as a
possible allergy prevention strategy. The aim o ghudy was to determine whether n-3
LCPUFA supplementation of pregnant women reducEsmgdiated allergic disease in their
children.

Methods: Follow-up of children (n=706) at hereditary riskalfergic disease in the
Docosahexaenoic Acid to Optimise Mother Infant @uote randomised controlled trial. The
intervention group (n=368) was randomly allocatedeceive fish oil capsules (providing
900 mg of n-3 LCPUFA daily) from 21 weeks’ gestatimtil birth; the control group
(n=338) received matched vegetable oil capsuldsowitn-3 LCPUFA. The diagnosis of
allergic disease was made during medical assessraehtand 3 years of age.

Results: No differences were seen in the overall percentdgéildren with IgE-mediated
allergic disease in the first 3 years of life betwé¢he n-3 LCPUFA and control groups
(64/368 (17.3%Y 76/338 (22.6%); adjusted relative risk 0.78; 95¢0G8 to 1.06P=0.11).
Eczema was the most common allergic disease; 18f&%ildren in the n-3 LCPUFA group
had eczema with sensitisation compared with 1919%e control group (adjusted relative
risk 0.75; 95% CI 0.53 to 1.09=0.10).

Conclusions: Overall n-3 LCPUFA supplementation during pregryatiic not significantly
reduce IgE-associated allergic disease in thetfirse years of life. Further studies should
examine whether the non-significant reductiongi-associated allergies are of clinical and

public health significance.
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Introduction

Changing dietary patterns have favoured increasta#te of n-6 polyunsaturated fatty acids
(PUFA) from linoleic acid (18:2, n-6) rich vegetaldils, especially since margarine and
vegetable oils have became a common dietary staptgshe past 40 years. This, together
with an increase in consumption of meat-based mtsdhas led to an increase of arachidonic
acid (AA, 20:4, n-6) in tissues. AA gives risegicosanoids such as prostaglandiritiat

can enhance the synthesis of T helper type 2 ayeskand immunoglobulin E (IgE)
antibodies potentially leading to sensitisatiomilergens. However when diets are high in n-
3 long-chain (LC) PUFA (from fatty fish and fisng)ithey are readily incorporated into
cellular phospholipids and thereby displace AA atidr membrane composition and fluidity.
This leads to a range of immunological effectsludimg reduction of prostaglandin E
synthesis (1, 2) providing a plausible mechanismwhich diets high in n-3 LCPUFA may

modulate the development of IgE-mediated allerigeakse.

In support of this biological mechanism, epidemgital studies have reported that increased
maternal fish intake during pregnancy is associafi¢u reduced atopic or allergic outcomes
in children (3-7). Furthermore, evidence from ramised controlled trials (RCTs) (8-11)
involving fish oil supplementation of pregnant wanteave found beneficial effects on
reduced allergen sensitisation and allergic diseassomes in the offspring. However
previous RCTs have only reported allergic diseageames at 1 year (8, 9), 2 years (12) and

16 years of age (10) and none have reported outcbetereen 2 and 16 years of age.

Our study was specifically designed to assessfthet®f n-3 LCPUFA supplementation,

predominantly as DHA, in pregnancy on the cumutaincidence of IgE-mediated allergic
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94 disease in the first 3 years of life. Outcome dataissing on eczema and food allergy over

95 the first year of life have been previously pubéidh{11).

96
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Methods

Subjects and study design

The present study is an allergy follow-up of a sl children whose mothers were
participants in the Docosahexaenoic Acid (DHA) tatiise Mother Infant Outcome
(DOMINO) Trial (13). This subset of children allcdha mother, father or sibling with a
history of medically diagnosed allergic diseas¢hf@s, allergic rhinitis, eczema) and they
were enrolled at either of the two study centre&delaide, Australia. Full details of entry
into this allergy follow-up study have been prewtyyublished (11). Written informed
consent was sought before birth and included cdrisetheir offspring to participate in both
the 1 and 3 year of age allergy follow-up assesssnépproval for this study was granted by
the Human Research Ethics Committees of each ¢élbmen’s and Children’s Hospital,
Adelaide and Flinders Medical Centre, Adelaide sTdilergy follow-up study was registered

atwww.anzctr.org.aas ACTRN12610000735055. The Docosahexaenoic Adjptimise

Mother Infant Outcome (DOMINO) trial was registedvww.anzctr.org.aas

ACTRN12605000569606.

The dietary treatments for the DOMINO trial havemereviously described (13). Briefly,
women allocated to the n-3 LCPUFA group were askembnsume three 500 mg capsules of
fish oil concentrate, providing 800 mg of DHA an@DImg of eicosapentaenoic acid (EPA);
women in the control group were asked to take tBBfemg vegetable oil capsules without
n-3 LCPUFA daily. This was a double-blinded stualy,capsules were similar in size, shape

and colour. Women took capsules from 21 weekdagies until delivery.

Early childhood aller gic disease outcome assessments and definitions
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The primary outcome was diagnosis of IgE-associaliedgic disease (eczema, asthma,
allergic rhinitis or food allergy) at 1 or 3 yeafsage. Participating children attended a
medical review appointment at 1 and 3 years of egredlucted by one of six medical
practitioners (who made the allergic disease diagor a period covering the previous 12
months by taking a structured history and dointpadardised clinical examination) and one
of six experienced research nurses (who perforrkiedosick testing). All were blinded to
treatment group allocation and had quality ass@waeciews every six months with one of
the investigators (DJP). Data were also collectegassible confounding variables,
including details of number of other children i thome, use of house dust mite covers for

mattresses and pillows, presence of a cat asangditousehold smoking exposure.

Sensitisation was defined as a positive skin piesk (wheab3mm above negative control)
to at least one of the allergens assessed. Aarlofjeage, the food allergens tested were
whole hens’ egg, cows’ milk, wheat, tuna and peaand the aeroallergens tested were
ryegrass pollen, olive tree pollefternaria tenuis, cat hair and house dust mite
(Dermatophagoides pteronyssinus). At 3 years of age, the same allergens weredegté
the addition of two foods (cashew nut and sesaree)snd one aeroallergen (house dust
mite, Dermatophagoides farinae). The cow’s milk allergen extract became unavé@dtom
the supplier for an extended period during the & yssessments and consequently was

excluded from the definition of sensitisation atears.

Eczema was defined as the presence of eczemaiécateording to (14)) on medical review
or a history of an itchy rash distributed to theidh flexural, or extensor surface of the skin
that had followed a fluctuating or chronic cours®e defined IgE-associated eczema or

atopic eczema as eczema with sensitisation t@sat ;e of the allergens assessed. IgE-
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associated food allergy was defined as a histotlyizvthe of immediate (within 60 minutes)
skin rash (hives, rash, or swelling) with or withoespiratory symptoms (cough, wheeze,
stridor), gastrointestinal symptoms (abdominal paamiting, loose stools), or
cardiovascular symptoms (collapse) following ingesbf a food and sensitisation to the
implicated food. Asthma was defined a history @i 3nore episodes of wheeze with the
episodes less than 6 weeks apart and/or dailyfusgtttma medication. Allergic rhinitis was
defined as a history of sneezing, or a runny, ocke#d nose accompanied by itchy-watery
eyes when there have not been symptoms to suggegipar respiratory tract infection. IgE-
associated asthma/allergic rhinitis was definedstisma/allergic rhinitis along with

sensitisation to at least one of the aeroallergested.

Statistical methods

With >328 children per treatment group we wouldabée to detect an absolute reduction of
10% (relative reduction of 33%) in the cumulatimeidence of IgE-mediated allergic disease
from 30% to 20% with >80% powea (= 0.05) over the first 3 years of life. Such duetion

was realistic based on the pilot data from Dunstaah (8).

All analyses were performed according to the intento treat principle. Multiple

imputation was used to deal with missing data, Wlilcomplete datasets imputed for
analysis. Overall the missing at random assumpmtfdhe multiple imputation approach
appeared reasonable for these data. Binary outcaveresanalysed using log binomial
regression models, with treatment effects expreaseadlative risks. Rare binary outcomes
were compared between groups using Fisher’s egsist on the original (unimputed) data.
Negative binomial regression models were used &byaa count outcomes, with the effect of

treatment expressed as a ratio of means. Both wstadjand adjusted analyses were
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performed, with adjustment for the stratificaticariables of centre and parity as well as the
pre-specified baseline variables of infant sex muadernal history of allergic disease. The
adjusted analyses were considered to be the priaratyses. Potential confounding
variables (environmental characteristics measuited indomization) that may influence
allergic disease outcomes were compared betweepgsing Mann Whitney and chi
square tests. Statistical significance was asdedgdbe two sided P<0.05 level. All analyses

were performed using SAS version 9.3.
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Results

The allergy follow-up trial profile is shown in Rige 1. Enrolment began on"2March
2006 and ended or"8lay 2008, with a total of 706 infants recruitetbithe study. Data
collection for the medical assessments at 3 ydaag@was completed ofi' Beptember
2011. 638/706 (90.4%) children attended a medesaéw at 3 years of age with 587/706

(83.1%) of children having skin prick testing tdelenine their sensitisation status.

Demographic and family characteristics

The participants consisted of 337/706 (47.7%) mahes281/706 (39.8%) were the first born
(parity zero). Mean maternal age at trial entrg\28.6 years (SD 5.7 years) and 92/706
(13.0%) of the participating mothers smoked dupnggnancy. All participants had at least
one first degree relative with a history of medigdiagnosed allergic disease; 656/706
(92.9%) had a least one parent and 206/706 (2%h2%poth parents with a history of
allergic disease. Other baseline demographic cterstics of the trial participants and their
families have been previously reported (11). Eahydhood (0-3 years) home
environmental characteristics are shown in Tabl&dre were no statistically significant

differences between the groups.

Early Childhood Allergic Disease Outcomes

In the n-3 LCPUFA intervention group 17.3% of chéd were diagnosed with IgE-mediated
allergic disease (asthma, allergic rhinitis, eczemd/or food allergy) in the first 3 years of
life compared with 22.6% in the control group (ad@d relative risk 0.78; 95% CI 0.58 to

1.06;P=0.11; Table 2). As expected, the most commonrigiehated allergic disease in the
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first 3 years of life was eczema with sensitisgtafifecting a total of 115/706 (16.3%) of the
participating children. There was a lower, but statistically significant, incidence of
eczema with sensitisation in the n-3 LCPUFA gral®.8% vs 19.0% control group, adjusted
relative risk 0.75; 95% CI 0.53 to 1.053+0.10; Table 2). Overall 4.6% of the children were
diagnosed with at least one IgE-mediated food @i¢nrough to 3 years of age and egg
allergy was the most common, affecting 2.8% ofdhidren. There were no differences
between the n-3 LCPUFA and control groups in thregretage of children diagnosed with
food allergy or respiratory allergic diseases (awsthallergic rhinitis) with sensitisation
through to 3 years of age (Table 2). The percentdghildren diagnosed with allergic
disease without sensitisation (non IgE-mediated)ndit differ between groups at either time

point (Tables 2 and 3).

Table 3 reports the allergic disease outcomesyaas of age and demonstrates that there
were no differences between the n-3 LCPUFA androbgtoups. The percentage of
children diagnosed with eczema with sensitisaioB years of age was 13.0% and higher
than that reported at 1 year of age (9.2% (11§)th®92 children diagnosed with IgE-
associated eczema at 3 years of age, 54% wereas®s (25 in each group) who did not

have IgE-associated eczema at 1 year of age.

There was no difference between the groups in &aisdn to at least one allergen at 1 or 3
years of age, with 29.4% of children in the n-3 WA group sensitised compared with
35.2% in the control group (adjusted relative GsB5; 95% CI 0.68 to 1.06=0.14; Table
2). At 3 years of age, 24.6% of children in th8 h€CPUFA group compared with 26.1% in

the control group were sensitised to at least deegan (adjusted relative risk 0.96; 95% CI
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0.74 to 1.25P=0.76; Table 4). Alternaria Tenius (grass mould)gltof 7.8%), ryegrass

pollen (total of 7.1%) and D. Pteronyssinus (tofab.8%) were the most common allergens
that children were sensitized to at 3 years (TdhleDespite no differences in cat ownership
between the groups in the first 3 years of lifelf€dl), 6.8% of children in the n-3 LCPUFA
group compared to 3.4% in the control group werssisised to cat at 3 years of age, however
this difference did not reach statistical significa (adjusted relative risk = 1.95; 95% CI

0.98 to 3.89P=0.06; Table 4). Figure 2 illustrates the changingfile of sensitisation status
from predominately food allergen sensitisation gear of age to increased aeroallergen
sensitisation at 3 years of age. Egg sensitisatemfound in a total of 86/706 (12.2%) of the

children at 1 year of age but only 27/706 (3.8%3 gars of age.
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Discussion

This study is the largest randomised controlleal tf fish oil supplementation during
pregnancy and was designed to resolve uncertasuiesunding the use of n-3 LCPUFA
supplementation in pregnancy as an allergic dispeseentative strategy for children with
hereditary risk. Overall fish oil supplementatiarpregnancy did not significantly reduce the
cumulative incidence of IgE-associated allergiedse over the first 3 years of life. Our
study was powered to detect a 33% relative redudti@llergic disease and it is therefore not
surprising that the differences noted did not restakistical significance. The non-significant
risk reductions of up to 22% may still be of pubiiealth significance as the burden and cost
of allergic disease on affected families is highl &sh oil intervention is safe and relatively

cheap.

The lower incidence of IgE-associated eczema obdea 1 year of age in the n-3 LCPUFA
group did not persist at 3 years of age. As moae half of the children diagnosed with
eczema with sensitisation at 3 years of age dichaee this diagnosis at 1 year of age, it is
interesting to question whether these new casdd bawe been reduced if the n-3 LCPUFA
supplementation had continued beyond pregnancyglearly childhood. A recent postnatal
(0-6 months of age) n-3 LCPUFA supplementation {nia 420) (15) found no overall effect
on allergic disease outcomes at 1 year of agahleue was a significant reduction in eczema
diagnosis in those infants who had higher n-3 LCRU#vels at 6 months of age. This may
be an important influencing factor as Furuhjelnalgtl2) (n-3 LCPUFA supplementation
during pregnancy and first 3.5 months of lactatiaisp found higher maternal and infant
proportions of DHA and EPA in plasma phospholipidse associated with lower prevalence
of IgE-associated allergic disease in a dose-depg#ndanner. Interestingly compared with

our study, other studies have used higher doses3df CPUFA that have ranged from
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2700mg/day (10,12) to 3700mg/day (8) and it mathla¢ higher n-3 LCPUFA doses are
needed to result in reduced allergic disease owsordose, timing and duration of n-3
LCPUFA supplementation are important consideratammg worthy of further investigation.
A limitation of our study was that we have not takkdood samples from the children and

hence cannot report on their n-3 LCPUFA plasma phaoigids levels at 1 or 3 years of age.

The pattern of allergic disease is known to difféh age, with the greatest incidence of food
allergy and atopic dermatitis/eczema being in st few years of life, while asthma and
allergic rhinitis continue to rise until adultho@b). Similarly the changing sensitisation
pattern was as expected; the incidence of foodgaliesensitisation decreased and the
aeroallergen sensitisation increased between y&a of age (17, 18). Specifically, the
frequency of egg sensitisation significantly redlieed the significant reduction in egg
sensitisation at 1 year of age with n-3 LCPUFAtmeant (9.3% vs 15.4%; adjusted relative
risk 0.62; 95% CI 0.41 to 0.98=0.02) (11) disappeared by 3 years of age. Onklcou
guestion whether the timing of various allergencasypes during the first few years of life
and the corresponding timing of the n-3 LCPUFA deppentation may influence the pattern

of sensitisation.

Conclusion

Overall n-3 LCPUFA supplementation during pregnadiclynot result in a significant
reduction in IgE-associated allergic disease irfitsethree years of life to the magnitude
originally predicted. Collectively, results fromis and other n-3 LCPUFA supplementation

RCTs suggest that the dose, timing and duration®f. CPUFA supplementation may
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influence sensitisation and allergic disease ouezonClearly further follow up studies are
required to definitively determine whether therbénefit in n-3 LCPUFA supplementation

as an allergy prevention strategy.
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Figure 1: Trial participant outcomes flow diagram

Figure 2: Allergen Sensitisation Profile at 1 and 3 yearags



