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Abstract

Background—Maternal diet during pregnancy has been suggested to be an important early life
exposure that influences immune tolerance and the development of allergic diseases in the
offspring.
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Methods—We examined the relation between maternal dietary patterns assessed using 24 hr
recalls and food diaries at 26-28 weeks of pregnancy and the subsequent development of allergic
outcomes in the offspring in the Growing Up in Singapore Towards Healthy Outcomes (GUSTO)
birth cohort. Exploratory factor analysis was used to characterise maternal dietary patterns during
pregnancy. During repeated visits in the first 36 months of life, questionnaires were administered
to ascertain allergic symptoms, namely, eczema, rhinitis and wheezing. At ages 18 and 36 months,
we administered skin prick testing to inhalant and food allergens.

Results—Of the three maternal dietary patterns that emerged, the Seafood and Noodle (SfN)
pattern was associated with a reduced risk of developing allergen sensitization at both 18 months
[odds ratio ( 95% confidence interval): 0.7 (0.5-0.9)] and 36 months [ odds ratio ( 95% confidence
interval) 0.7 (0.6 -0.9)] after adjustment for family history of allergy, ethnicity, sex and maternal
education levels. No associations between Vegetable, Fruit and white Rice and Pasta, Cheese and
Processed meat patterns were observed with any of the allergic outcomes in the first 18 and 36
months of life.

Conclusion—Maternal diet during pregnancy can influence the subsequent development of
allergic outcomes in offspring.

Keywords
maternal dietary patterns; allergic diseases; pregnancy; birth cohorts

Introduction

In recent decades, increasing attention has been placed on the non-inheritable factors
relating to the programming of immune function in the child as suggested by the
Developmental Origins of Health and Disease (DOHaD) concept [1]. Besides genetic
predisposition increasing the risk of development of diseases, environmental exposures also
play a role in modifying the risk [2]. This is evident from a study on monozygotic twin pairs
where DNA methylation was influenced by maternal environment [3,4]. The early onset of
paediatric allergic diseases raises the possibility that maternal diet during pregnancy may
contribute to later disease development [5]. Maternal diet during pregnancy not only
provides nutrients to the developing foetus but has also been suggested to be an important
early life exposure that influences immune tolerance and the development of allergic
diseases in the offspring [6]. Research on early life exposures such as maternal diet during
pregnancy on the subsequent development of allergic disease can form preventive strategies
and intervention plans to reduce childhood allergic diseases.

Maternal dietary patterns such as the Mediterranean diet pattern, typically consisting of
fruits and vegetables, low to moderate amounts of eggs and dairy products, and minimal
amount of red meat has been reported to have a protective effect on the development of
allergic diseases such as asthma in children [7-10]. Most studies are either cross-sectional or
case-control studies that recruit subjects in pre-school or school-going ages.[11-13]. In
addition, some studies addressed the effect of nutrition in an atopic population where it is
difficult to infer findings to the general population [14,15]. Moreover, other studies have
only looked at outcomes in the first year of life [16,17]. Besides, studies that have looked at
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the contribution of maternal nutrition to the development of paediatric allergic outcomes in a
prospective birth cohort setting are very limited in Asia as most studies on this topic are
conducted in European countries [18,19] where dietary patterns and genetic constitution
differ [20].

Here we aim to analyse the associations between maternal dietary patterns during pregnancy
and the development of allergic diseases in the first 3 years of life in the Growing Up in
Singapore Towards Healthy Outcomes cohort (GUSTO).

Materials and Methods

Questionnaires and allergic outcomes

The methodology of the GUSTO study has been described previously [21,22]. Briefly, we
recruited 1237 healthy pregnant mothers who agreed to enroll their offspring for future
follow-up. Interviewers gathered information on demographics, family history of allergy,
social data and lifestyle factors. Definitions of allergic outcomes were standardized in the
questionnaires administered at 3, 6, 9, 12, 15 18, 24 and 36 months to ensure consistency
during interviews and home visits.

Physician-diagnosed atopic eczema was based on a positive answer to the written question:
“Has your child ever been diagnosed with eczema?”. “Wheezing” was based on a positive
answer to the written question “Has your child ever wheezed?”, while “rhinitis” was based
on a positive response to the question “Has your child ever had sneezing, running nose,
blocked or congested nose, snoring or noisy breathing during sleep or when awake that has
lasted for 2 or more weeks duration?” Study team members called the subjects who reported
rhinitis to collect information on the number of episodes of rhinitis and the duration of each
episode. A case prior to 18 months required a single episode that lasted for at least 4 weeks
or two or more episodes each lasting at least 2 weeks. New cases of rhinitis after 18 months
were defined by one or more episodes lasting at least 2 weeks.

Allergen sensitization was determined by skin prick testing. Skin prick testing (SPT) to
inhalant allergens (house dust mites Dermatophagoides pteronyssinus, Dermatophagoides
farinae, and Blomia tropicalis) and food allergens (egg, peanut and cow’s milk) was carried
out at both 18 and 36 months. All of the allergens for skin prick testing were obtained from
Greer Laboratories (Lenoir, NC, USA), except for B. tropicalis, which was obtained from
our laboratory. All tests were interpreted as positive if the wheal was at least 3 mm, and a
child was considered as SPT-positive if any one or more of the individual tests was positive
with a positive reaction to the positive control (histamine) and a negative reaction to the
negative control (saline).

Allergic clinical outcomes until 18 months were to the above-noted written questions in the
first 18 months, combined with a positive SPT at 18 months. Allergic clinical outcomes until
36 months were defined as positive responses to the above-noted written questions in the
first 36 months, combined with a positive SPT at 36 months. The allergic outcome was
classified as absent when the answers for all visits were “no.” Family history of allergy was
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defined as positive if the mother, father or an older sibling ever had eczema, asthma or
allergic rhinitis.

Ethics approval was obtained from the Domain Specific Review Board of Singapore
National Healthcare Group and the Centralised Institutional Review Board of SingHealth.
Conduct of this study was based on the guidelines in the Declaration of Helsinki.

Identifying maternal dietary patterns

The methods for maternal dietary assessment have been described previously [23]. Dietary
intake was assessed at 26-28 weeks of pregnancy which was conducted by trained clinical
staff with the use of the 5-stage multiple pass interviewing technique [24]. Visual aids such
as food pictures of food portion sizes were presented to assist women in their quantification
of food and beverage intake. Exploratory factor analysis was used to characterise maternal
dietary patterns during pregnancy. Dietary patterns were derived by principal component
extraction with varimax rotation on the 68 food groups. Three factors (i.e. dietary patterns)
were retained and it was determined by the break point of the Scree plot and factor
interpretability. The dietary pattern score for each participant was calculated by summing the
standardised intake of food groups (g/d) weighted by their factor loadings using dietary
records from 24 h recall. Factor loadings are correlation coefficients between each food
group and the dietary pattern, hence higher dietary pattern scores indicate greater adherence
to the derived pattern. Three maternal dietary patterns, namely the Vegetable, Fruit and
white Rice (VFR) , Seafood and Noodles (STN) and Pasta, Cheese and Processed meat
(PCP) patterns have emerged [25] and details of the food items and factor loading scores of
the dietary patterns are presented in Supplementary Table 1.

Statistical analysis

Results

Statistical analysis was carried out using SPSS version 20.0 (IBM SPSS Statistics, Armonk,
NY). Associations between maternal dietary pattern scores and subsequent allergic
outcomes in the offspring were estimated using univariable as well as multivariable logistic
regression adjusting for sex, ethnicity, maternal education and family history of allergy.
These confounders were selected by a review of the literature [26,27].

Description of the study cohort

In this study, there were 735 children with information on maternal dietary patterns and
completed skin prick testing at both 18 months and 36 months. At 18 months, 620 (84.4%)
completed questions on eczema; 622 (84.6%)completed questions on wheeze and 569
(77.4%)completed questions on rhinitis. One hundred and three subjects (14.0%) had a
positive SPT at 18 months; 6 (0.8%) had a positive SPT to cow’s milk; 8 (1.1%) to peanut;
24 (3.3%) to egg; 65 (8.8%) to Dermatophagoides pteronyssinus ; 53 (7.2%) to
Dermatophagoides farinae and 8 (1.1%) to Blomia Tropicalis (Table 1). One hundred and
thirty-two (21.3%) had eczema, 36 (5.8%) had eczema with a positive SPT, 107 (18.8%) had
rhinitis, 22 (3.9%) had rhinitis with a positive SPT, 179 (28.8%) had wheezed, 26 (4.2%)
wheezed and had a positive SPT.
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At 36 months, 576 (78.4%) completed questions on eczema; 577 (78.5%) completed
questions on rhinitis and 632 (86.0%) completed questions on wheeze. One hundred and
seventy-two subjects (23.4%) had a positive SPT at 36 months; 1 (0.1%) had a positive SPT
to cow’s milk; 8 (1.1%) to peanut; 6 (1.1 %) to egg; 144 (19.6%) to Dermatophagoides
pteronyssinus ; 117 (15.9%) to Dermatophagoides farinae and 20 (2.7%) to Blomia
Tropicalis (Table 1). One hundred and fifty-seven (27.3%) had eczema, 59 (10.2%) had
eczema with a positive SPT, 226 (39.2%) had rhinitis, 66 (11.4%) had rhinitis with a positive
SPT, 258 (40.8%) had wheezed, 75 (10.2%) wheezed with a positive SPT.

A flow chart of the study population with responses to allergic outcomes in the first 36
months of life was illustrated in Figure 1. There are very regular follow up visits in this
study and the main reason for non-completion of the questionnaires was the mothers’ not
having been contactable at some point in the study and hence not having a home visit. The
loss of follow up rates in our study are also similar to that in other studies [28,29]

Tables 2 and 3 compare the characteristics of the children with complete information and
those with missing data. There were some differences in ethnicity and maternal education
levels within the analysis groups.

Associations between maternal dietary patterns and allergic outcomes in the offspring

The maternal dietary pattern consisting of seafood and noodles was associated with a
reduced risk of developing allergen sensitization at both 18 months [adjusted odds ratio 0.7
(0.5-0.9), Table 4] and 36 months [adjusted odds ratio 0.7 (0.6 -0.9), Table 5] after
adjustment for family history of allergy, ethnicity, sex and maternal education levels. There
were no significant associations between the maternal dietary patterns consisting of
vegetable, fruit and white rice (VFR) and pasta, cheese and processed meat (PPM) on the
development of allergen sensitization, eczema, rhinitis and wheeze at both 18 and 36
months.

Discussion

In this observational study, we evaluated the effect of early life nutritional influences on
allergic outcomes in infancy in a prospective birth cohort in Singapore. We found that
maternal dietary pattern during pregnancy affects the risk of subsequent development of
allergic diseases in the offspring.

Interestingly, we found that maternal “seafood-noodles” (SfN) dietary pattern intake reduce
the risk of allergen sensitization in the children. There was also a trend of inverse association
of this dietary pattern with other allergic outcomes although not statistically significant. A
possible reason for our observations could be due to fatty acids that come largely from the
fish and seafood products under this pattern. Fatty acids may play a role in the protective
effect of early immunological development towards atopy sensitisation and allergy
development [30]. In addition, the SfN dietary pattern also contains legumes and pulses
which had been associated with reduced risk of allergic disease development in the offspring
[31]. Supporting evidence for the protective effect of maternal consumption of legumes such
as peanuts during pregnancy was showed by a longitudinal birth cohort study from the
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United States that studied 1277 mother-child pairs and found that higher maternal peanut
intake was associated with decreased peanut allergic reaction in children when serum-
specific IgE levels were tested in mid-childhood (mean age, 7.9 years) [31] . In addition, the
Danish Birth cohort study also reported that maternal intake of peanuts and tree nuts were
associated with reduced odds of development of asthma in children [19]. Maternal dietary
antigens have been reported to be able to cross the placenta and affect T helper cell
differentiation [32,33]. This protective effect may be particular to the food or dietary pattern
due to the different composition of nutrients such as linolenic acid that has also been linked
with T cell signalling and expression of MHC Il molecules [30]. Due to the different nutrient
profiles and synergistic effect between different foods in the SFN dietary pattern, the
biological mechanism is complex and may involve many candidate nutrients that confer this
protective effect. Other candidate nutrients include selenium [34], zinc [35] and vitamin E
[36] that have also been associated with a protective effect for allergic diseases, possibly by
influencing the T helperl/T helper 2 ratio through effects on cytokine production [37,38].

Similar to our findings, another prospective cohort study conducted in France that analysed
1500 children with follow up until 2 years reported no associations between maternal
consumption of shellfish and childhood wheezing and eczema [39]. However, our findings
were in contrast to a prospective study conducted in the Netherlands that recruited 2976
mothers with follow up of their offspring until 4 years that reported that maternal
consumption of shellfish in the first trimester increased the risk of development of wheezing
and eczema [40]. Possible reasons for the difference in our observations could be that we
analyse dietary patterns, taking into account potential synergistic effect between food groups
while the above mentioned studies looked at single food consumption in relation to the
outcomes. In addition, there may also be a difference in genetic constitution and lifestyle
between the populations.

Although high maternal intake of fruits and vegetables was found to be protective in
developing asthma symptoms in two previous cohort studies [41,42], we did not find any
associations between maternal “vegetables, fruits and rice-based” dietary pattern and allergic
outcomes in our study. In agreement with our observations, another study which looked at
two birth cohorts from Spain and Greece, recruiting 1771 and 745 mother-child pairs
respectively, also showed no association between maternal Mediterranean diet during
pregnancy and infantile wheeze or eczema at 1 years old [43]. Besides this, a longitudinal
cohort study which recruited 1376 mother-child pairs from Project Viva in the United States
also found no significant associations between “Prudent” and “Western” dietary patterns
(comparable to the Mediterranean diet and processed diet respectively) during pregnancy
with recurrent wheeze at 3 years of age [44]. Additionally, a birth cohort with data from
2832 children showed no associations between maternal vegetable consumption and
childhood wheeze or asthma at 8 years old [45]. However, a Spanish birth cohort study
showed that adherence to Mediterranean diet in pregnancy was associated with a lower risk
of persistent wheeze and atopy in 460 children who had skin prick testing at age 6.5 years
[8]. This suggests merit in following up the children in our study over a longer term to track
atopic sensitizations and allergic outcomes in the future.

Int Arch Allergy Immunol. Author manuscript; available in PMC 2017 December 28.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Loo etal. Page 7

The strengths of this study are that we analyse dietary pattern of food consumption which
allows holistic analyses of the synergistic effects of foods and nutrients. In addition, this is a
prospective birth cohort study with regular collection of information at multiple time points.
The collection of maternal dietary information during pregnancy also reduces recall and
response bias as this information is collected prior to the assessment of infant allergic
outcomes.

However the weaknesses of this study are the incomplete response rates to the
questionnaires due to subjects being uncontactable at some point in the study. Another
limitation is that some allergic outcomes are parental reported which may be subjected to
recall bias and misclassifications. Hence we combined it with an objective assessment of
allergen sensitization.

In conclusion, we found evidence that maternal diet during pregnancy play a role in the
subsequent development of allergic outcomes in the offspring.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. N
e 735 children
* Information on maternal dietary
patterns available
* Completed skin prick testing at both
18 and 36 months
N .
18 months 36 months

i1 1 1 i 1 1

620 (84.4%) 622 (84.6%) 569 (77.4%) 576 (78.4%) 632 (86.0%) 577 (78.5%)
completed completed completed completed completed completed
questions on questions of questions on qguestions on questions on questions on
eczema wheeze rhinitis eczema wheeze rhinitis

Figure 1. Schematic diagram on the study population with responses to allergic outcomes in the
first 3 years of life

A schematic diagram on the study population that was included in this analysis was shown,
showing number of subjects with responses to different allergic outcomes at 18 months and
36 months.
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Table 1
Sensitization rates to allergens in the first 3 years of life
Cow'smilk  Peanut Egg Dermatophagoides pteronyssinus  Dermatophagoidesfarinae  Blomia Tropicalis
N(%)
Month18 6 (0.8) 8(1.1) 24(33) 65(8.8) 53 (7.2) 8(1.1)
Month 36 1 (0.1) 8(11) 6(1L1) 144 (19.6) 117 (15.9) 20 (2.7)
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Table 4
Univariable and multivariable associations between maternal dietary patterns and
allergic outcomes in the offspring in the first 18 months of life

Univariable analysis Allergen sensitization | Eczema Eczema Wheeze Wheeze Rhinitis Rhinitis
with a with a with a
positive positive positive
SPT SPT SPT

Maternal dietary patterns | OR (95% ClI)

VFR 0.9 (0.8-1.2) 1.0(0.8-1.2) | 1.0(0.7-1.4) | 0.8(0.7-0.97) | 0.8(0.5-1.2) | 0.8 (0.7-1.0) | 1.0 (0.6-1.5)

SFN 0.8 (0.7-1.0) 1.1(0.9-1.3) | 0.8(0.5-1.1) | 0.9 (0.7-1.0) 0.8(0.5-1.3) | 0.9(0.7-1.1) | 0.8(0.5-1.2)

PCP 0.9 (0.7-1.2) 1.1(0.9-1.3) | 0.7 (0.4-1.2) | 0.9(0.7-1.1) 0.7(0.4-1.3) | 1.1(0.9-1.3) | 1.0(0.6-1.6)

Multivariable analysis Allergen sensitization | Eczema Eczema Wheeze Wheeze Rhinitis Rhinitis
with a with a with a
positive positive positive
SPT SPT SPT

Maternal dietary patterns

VFR 1.1(0.8-1.4) 0.8(0.7-1.1) | 1.1(0.7-1.7) | 0.9(0.7-1.2) 0.8(0.5-1.4) | 0.8(0.6-1.1) | 1.1(0.6-2.0)

SFN 0.7 (0.5-0.9) 0.9 (0.6-1.2) | 0.6 (0.3-1.1) | 0.8(0.6-1.1) 0.6 (0.3-1.2) | 0.9(0.6-1.2) | 0.8 (0.4-1.5)

PCP 0.9 (0.7-1.2) 1.1(0.9-1.4) | 0.8(0.4-1.5) | 0.8(0.6-1.1) 0.7(0.3-14) | 1.1(0.9-1.4) | 1.1(0.7-1.7)

*
Adjusted for sex, ethnicity, maternal education levels and family history of allergy

Int Arch Allergy Immunol. Author manuscript; available in PMC 2017 December 28.
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Table 5
Univariable and multivariable associations between maternal dietary patterns and
9 allergic outcomes in the offspring in the first 3 years of life
m
[
8 Univariable analysis Allergen sensitization | Eczema Eczema Wheeze Wheeze Rhinitis Rhinitis
=) with a with a with a
D positive positive positive
Y SPT SPT SPT
< ,
@) Maternal dietary patterns
o VFR 1.0 (0.9-1.2) 1.0(0.8-1.2) | 1.0(0.8-1.4) | 0.8(0.7-0.96) | 0.9 (0.7-1.1) | 1.0(0.8-1.1) | 1.1(0.8-1.4)
S
=3 SFN 0.8 (0.7-1.0) 1.2(1.0-1.4) | 1.0(0.8-1.3) | 0.9(0.7-1.0) | 0.9(0.7-1.1) | 1.0(0.8-1.1) | 0.9 (0.7-1.2)
7 PCP 0.9 (0.7-1.1) 1.1(0.9-1.3) | 09(0.6-1.2) | 0.9(0.8-1.1) | 0.9(0.7-1.2) | 1.1(0.9-1.3) | 1.0(0.7-1.3)
z
= Multivariable analysis Allergen sensitization | Eczema Eczema Wheeze Wheeze Rhinitis Rhinitis
o with a with a with a
= positive positive positive
< SPT SPT SPT
[<Y)
g Maternal dietary patterns
3 VFR 1.1 (0.9-1.4) 0.8(0.6-1.1) | 1.1(0.8-1.6) | 0.9(0.7-1.1) | 1.1(0.8-1.5) | 0.9(0.7-1.1) | 1.0 (0.7-1.5)
e
=1 SFN 0.8 (0.6-0.98) 1.0(0.7-1.3) | 0.9(0.6-1.4) | 0.9(0.7-1.2) | 0.8(0.5-1.2) | 1.0(0.7-1.2) | 0.9 (0.6-1.3)
%)
PCP 0.9 (0.8-1.2) 1.1(0.9-1.4) | 0.8(0.6-1.3) | 0.8(0.7-1.0) | 1.0(0.7-1.3) | 1.0(0.8-1.3) | 1.0 (0.7-1.3)

*
Adjusted for sex, ethnicity, maternal education levels and family history of allergy
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