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Background

Changing maternal nutrition in pregnancy is among the lead-

ing candidates in the rise in a range of inflammatory diseases

with Western environmental change (1). While this has impli-

cations for the ‘developmental origins’ of many diseases, the

progressive rise in immune diseases, most notably allergic

disease, has generated intense interest in the effects of mod-

ern dietary patterns on the developing immune system (2). In

response to a declining intake of a range of nutrients in

modern diets, it has become a routine to recommend vitamin

supplements such as folic acid in pregnancy to improve preg-

nancy outcomes (3). However, while this initiative was direc-

ted at reducing the risk of neural tube defects, experimental

data in mice (4) and observational data in humans have
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Abstract

Background: Dietary changes may epigenetically modify fetal gene expression during

critical periods of development to potentially influence disease susceptibility. This

study examined whether maternal and/or fetal folate status in pregnancy is associ-

ated with infant allergic outcomes.

Methods: Pregnant women (n = 628) were recruited in the last trimester of preg-

nancy. Folate status determined by both food frequency questionnaires and folate

levels in maternal and cord blood serum was examined in relation to infant allergic

outcomes at 1 year of age (n = 484).

Results: Infants who developed allergic disease (namely eczema) did not show any

differences in cord blood or maternal folate levels compared with children without

disease. Although maternal folate intake from foods was also not different, folate

derived from supplements was higher (P = 0.017) in children with subsequent

eczema. Furthermore, infants exposed to >500 lg folic acid/day as a supplement in

utero were more likely to develop eczema than those taking <200 lg/day (OR [odds

ratio] = 1.85; 95% CI 1.14–3.02; P = 0.013), remaining significant after adjustment

for maternal allergy and other confounders. There was a nonlinear relationship

between cord blood folate and sensitization, with folate levels <50 nmol/l

(OR = 3.02; 95% CI 1.16–7.87; P = 0.024) and >75 nmol/l (OR = 3.59; 95% CI

1.40–9.20; P = 0.008) associated with greater sensitization risk than levels between

50 and 75 nmol/l.

Conclusion: Fetal levels between 50 and 75 nmol/l appeared optimal for minimizing

sensitization. While folate taken as a supplement in higher doses during the third tri-

mester was associated with eczema, there was no effect on other allergic outcomes

including sensitization. Further studies are needed to determine the significance of this.

Abbreviations

DFE, dietary folate equivalent units; DOHaD, developmental origins

of health and disease; RDI, recommended daily intakes; SQ FFQ,

semi-quantitative food frequency questionnaire.
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suggested possible adverse effects of folic acid supplements in

pregnancy on respiratory and allergic outcomes in offspring

(5, 6).

A strong basis for this speculation comes from an animal

model that demonstrated the potential epigenetic effects of

folate as a dietary methyl donor, altering heritable gene

expression through DNA methylation to induce experimen-

tal asthma and associated immune effects on the offspring

(4). However, while this has raised question over public

health policy (7), as yet, these findings are far from defini-

tive. So far, human studies have been based on infant out-

comes from questionnaire data and hospitalizations without

allergy testing (5, 6, 8). The initial reports were also based

only on questionnaire data collected on maternal folate

intake from supplements (5, 6) and from background diet

(6), also with recognized limitations. While a more recent

follow-up report on one of these cohorts (8) showed consis-

tent findings based on maternal serum folate at 18 weeks

gestation, there was no biological measure of folate status

in the infants.

Here, we examine the relationship between folate status in

pregnant women and their neonates, and infants’ allergic out-

comes using more accurate measures of infant allergic out-

comes based on detailed clinical phenotyping and skin prick

testing (SPT). We have also performed a more detailed bio-

logical assessment of not only maternal levels but also neona-

tal folate status.

Methods

Recruitment of study population

The study population comprised 647 pregnant women in

Western Australia recruited to investigate the effects of early

dietary exposures on allergic outcomes, as approved by the

Princess Margaret Hospital Ethics Committee. All partici-

pants (mothers) gave written informed consent. Only

healthy nonsmokers with uncomplicated term pregnancies

were included (n = 628). Blood samples and semi-quantita-

tive food frequency questionnaires (SQFFQ) were collected

in the third trimester (after 28 weeks gestation). The follow-

up assessments for allergic outcomes occurred at 12 months

of age. Some of the infants included in this analysis were

included in a postnatal intervention with fish oil (9). How-

ever, this intervention had no clinical effects on allergic

outcomes, and there is also no evidence to suggest that

this would have had any effect on folate status (10, 11).

Nonetheless, this was assessed as a potential confounding

influence.

Assessment of dietary intake and supplements

The SQFFQ (CSIRO, Adelaide, Australia) reported the fre-

quency of consumption of 212 individual foods, mixed foods

and beverages over the preceding month. Reported supple-

ment intake (brand, dose, and frequency) was converted into

daily folic acid intake (microgram/day) using dosage informa-

tion provided on the packaging.

Calculation of Dietary Folate Equivalent units (DFE)

Folate measures were converted to DFEs to take into

account the increased absorption and bioavailability of ‘folic

acid’ from vitamin supplements compared with ‘folate’

derived from food (12). One microgram (lg) DFE = 1 lg of

folate derived from food = 0.6 lg of folic acid from supple-

ments and fortified foods consumed with food = 0.5 lg of

folic acid from supplements taken on an empty stomach. The

Recommended Daily Allowance (RDA) for folate during

pregnancy in the USA (and in Australia where this popula-

tion was derived) is 600 lg of DFEs (13). To reduce the risk

of neural tube birth defects pregnant women are advised to

consume 400 lg of DFEs of folic acid per day from dietary

supplements and/or fortified foods in addition to food folate

from a varied diet (13). A tolerable upper level (UL) of

intake of folic acid from supplements for adults has been set

at 1000 lg of DFEs/day (13).

Assessment of serum folate in mothers and infants

Maternal blood was collected in the third trimester, and

cord blood was collected at delivery. Folate in serum was

measured using a competitive immunoassay (Immulite 2000;

Siemans Medical Solutions Diagnostics, Flanders, NJ,

USA).

Assessment of allergic outcomes

At 12 months of age, the main clinical outcome measures

were eczema, food allergy, and allergic sensitization. A child

was classified as having ‘allergic disease’ if he/she had a phy-

sician diagnosis of IgE-mediated food allergy, eczema, or

asthma. A diagnosis of eczema was made in infants with typ-

ical skin lesions (14). IgE-mediated food allergy was defined

as a history of immediate symptoms following contact and/or

ingestion and a positive SPT to the implicated food. A diag-

nosis of asthma was based on a history of recurrent wheeze

(>2 episodes of wheezing) that was demonstrated to be

responsive to bronchodilator medications, but the limitations

are recognized at this age.

Allergen skin prick testing

Allergic sensitization was assessed by SPT at 1 year of age

using common allergen extracts (milk, peanut, house dust

mite, cat, grass, mold; Hollister-Stier Laboratories, Spokane,

WA, USA), and whole egg. A wheal diameter of ‡2 mm was

considered positive.

Assessment of confounding factors for folate status and the

development of infant allergy

We collected detailed information about maternal factors

that may influence folate status or risk of infant allergic dis-

ease, including maternal age, maternal allergic disease (and

sensitization), previous pregnancies, socioeconomic status,

and education level. Other information on postnatal expo-

sures for the infants including daycare attendance, infection
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history, postnatal dietary intervention, pet keeping, breast-

feeding, and infant dietary patterns was also collected.

Statistical methods

All statistical analyses were performed using SPSS software

(version 18 for Macintosh, SPSS Inc., Chicago, IL, USA).

Folate data were not generally normally distributed and were

expressed as median and interquartile range (IQR). Some

folate data (serum folate levels and food frequency folate

measures) were normalized with logarithmic transformation.

Differences between groups and between related samples were

determined by appropriate tests for nonparametric lognormal

according to the data distribution. Associations between nor-

mally and lognormally distributed variables were evaluated in

linear models (Pearson’s correlation and linear regression).

Logistic regression was used to evaluate the effect of folate

on binary allergic outcomes after adjusting for caloric intake

or potential confounder variables (including maternal allergy,

postnatal diet/feeding practices, exposure to pets, childcare,

or older siblings). Folate variables were also categorized (to

dummy variables based on tertiles) to determine effects of

folate amounts on allergic outcomes compared with the

defined reference category. Tertiles were assigned a consecu-

tive integer to assess the trends of association between folate

status and clinical outcome in logistic regression models.

Because of the exploratory nature of this study, we did not

wish to exclude any important relationships by using strin-

gent correction factors for multiple analyses. Accordingly,

our findings have been interpreted conservatively.

Results

Population characteristics

Of the 628 women recruited, 594 had at least one measure of

folate status (questionnaire or serum level) in pregnancy and

484 infants were assessed at 1 year of age (Table 1). One in

three infants developed allergy, predominately eczema

(35.4%) and food allergy (18.5%). Twenty-five percent were

sensitized, mainly to food allergens (22.8% of infants tested).

Because of the focus on allergy in the primary study, sensi-

tized allergic mothers were over represented (70.6%) and as

expected, their infants were more likely to develop allergic

disease than those of nonallergic mothers (n = 457;

OR = 1.65; 95% CI 1.07, 2.60; P = 0.024).

Folate intake in pregnancy (from diet and supplements)

Four hundred and seventy women completed the SQFFQ

and supplied data on vitamin supplements taken in the third

trimester. The median intake of folate, as food and supple-

ment, was 992.8 lg DFE/day (IQR; 612.5–1523.4), indicating

that <25% of these women did not reach the recommended

daily intakes (13) of 600 lg DFE/day. Women consumed

more folate from folic acid supplements than from folate-rich

food (Table 2). Seventy-six percent (n = 472) were taking

supplements containing folic acid, and the median dose of

synthetic folic acid they consumed was 400 lg/day (IQR;

343.4–800.0), equivalent to 668 lg of DFE/day (IQR 573.5–

1336.0). Thirty-six percent (n = 173) of these women

Table 1 Population characteristics of the mothers and infants in

the study

Number

analyzed

Mean ± SE

or n (%)

Mothers at recruitment 628

Age, mean years ± SE 624 32.9 ± 0.2

Gestation at recruitment,

mean weeks ± SE

623 36.5 ± 0.08

History of allergic

disease, n (%)

592 484 (81.8)

Asthma, n (%) 592 242 (40.8)

Hayfever, n (%) 592 372 (62.8)

Eczema, n (%) 591 223 (37.7)

Food allergy, n (%) 414 108 (18.5)

Skin prick test (SPT)

positive, n (%)

615 458 (74.5)

Allergic disease and

SPT positive, n (%)

588 415 (70.6)

Infants at 1 year 484

Allergy disease, n (%) 484 172 (35.5)

Asthma, n (%) 484 0 (0)

Eczema, n (%) 477 169 (35.4)

Food allergy, n (%) 406 75 (18.5)

Infant SPT positive, n (%) 468 121 (25.9)

Egg SPT positive, n (%) 93 (20.0)

Peanut SPT positive, n (%) 43 (9.4)

Milk SPT positive, n (%) 17 (3.6)

HDM SPT positive, n (%) 20 (4.3)

Cat SPT positive, n (%) 16 (3.4)

Grasses SPT positive, n (%) 6 (1.3)

Table 2 Folate status of mothers during pregnancy and infants at

birth

Number Median ± IQR

Maternal folate intake

From food only,

mg of DFE/day

476 277.9* (217.4–341.4)

From supplements only,

mg DFE/day

617 668.0* (95.4–1210.8)

Combined food and

supplements, mg of DFE/day

473 992.8 (612.5–1523.4)

Maternal and infant serum folate

Maternal serum folate, nmol/I 435� 37.2� (25.6–50.5)

Cord serum folate, nmol/I 285� 63.2� (46.8–79.1)

DFE, dietary folate equivalent units; IQR, interquartile range.

*Folate intake was significantly higher from supplements compared

with dietary food (P < 0.001).
�Characteristics of mothers and infants with samples did not differ

from those in the total population shown in Table 1.
�Serum folate was significantly higher in cord blood compared with

maternal blood (P < 0.001).
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exceeded the recommended tolerable upper limit of 1000 lg
of DFEs from supplements/day. There were no major differ-

ences in the background dietary patterns of the women tak-

ing supplements.

There were no differences in folate intake between ‘atopic’

(sensitized) and nonatopic women (P = 0.96). There was also

no difference in the overall folate intake, calculated as DFE

units in women with a history of allergic ‘disease’

(P = 0.64). However, these women consumed more folic acid

in vitamin supplements (P = 0.013) and less folate-rich food

(total folate, P = 0.014; free folate, P = 0.008) than nonal-

lergic mothers. Women with a tertiary education (79.6%)

consumed more folate (P = 0.002), predominately as folic

acid supplement (P = 0.022), but were not more likely to

have a history of allergic disease (P = 0.310).

Folate levels in maternal and cord blood

Maternal serum folate levels

The median serum folate level during the third trimester was

37.2 nmol/l (n = 435; Table 2). This is in the upper range of

the international reference range of 3–47 nmol/l in the third

trimester (15). Serum folate was directly proportional to

overall dietary folate intake (DFE) (r = 0.490, P < 0.001),

and in a linear regression model, both folate ingested in food

(DFE/day) (b = 0.209; 95% CI 0.051, 0.368; P = 0.010)

and as a folic acid supplement (DFE/day) (b = 0.312; 95%

CI 0.219, 0.405; P < 0.001) contributed significantly to

maternal folate levels. There were no differences in folate

levels of women with allergic disease and nonallergic women

(P = 0.26).

Cord blood folate levels

The median level of folate in cord blood was 63.2 nmol/l

Neonatal folate was directly proportional to maternal folate

(r = 0.472, P < 0.001), although cord blood folate was sig-

nificantly higher than maternal levels (P < 0.001) (Fig. 1,

Table 2). This suggests active or preferential fetal uptake of

folate, and this (i.e., cord serum folate minus maternal serum

folate) was inversely proportional to maternal folate levels

(r = )0.329, P < 0.001). Achieving maternal levels above

78.46 nmol/l did not result in further increase in cord blood

levels, suggesting a saturable level of folate for the fetus.

Folic acid supplementation in pregnancy was a major

determinant of neonatal folate levels (P < 0.001). In a linear

regression model, folic acid consumed in vitamin supplements

contributed more to neonatal folate status (B 0.205, 95% CI

0.032, 0.214; P = 0.008) than did folate-rich food (B 0.123,

95% CI )0.028, 0.274; P = 0.109).

Although there were no differences in maternal serum

folate levels in allergic women, cord blood folate levels were

higher if mothers had a history of allergic disease

(P = 0.013). The reasons for this are not known but may

relate to the higher use of supplements in the allergic women

(and this was allowed for in the subsequent analyses).

Association between maternal folate status and infant allergic

status at 1 year

First, we assessed the level of folate derived directly from the

background diet. Although allergic women ate less folate-rich

food in pregnancy, this was not associated with the develop-

ment of allergies in infants (data not shown). There were no

differences in the maternal dietary folate intakes of infants

with eczema (Fig. 1) or any other allergic outcomes.

Second, we investigated whether infants of mothers con-

suming higher amounts of folic acid/day from vitamin sup-

plements were more likely to develop allergy, allowing for

any confounding effect of maternal allergy status (i.e., genetic

differences in allergic risk). Infants who developed eczema

had higher maternal folate supplement intake (as a continu-

ous variable) than that of unaffected infants (Fig. 1,

P = 0.017), and this remained significant after adjusting for

maternal allergy. The amount of folic acid taken per day as a

supplement was also categorized into tertiles <200, 200–500

and >500 lg folic acid/day. There was a significant associa-

tion between the amount of folic acid taken as a supplement

and the number of infants diagnosed with eczema at 1 year

Figure 1 Comparison of in utero folate status in infants who devel-

oped subsequent eczema (shaded bars) compared with those who

did not, including maternal and cord blood serum levels (nmol/I),

folate derived from foods (lg/day based on FFQ) and dietary folate

equivalents (FFE) derived from supplements or from both diet and

supplements (see Methods for calculations). Levels are shown as

means and standard errors, and significance levels are based on t-

tests of log-transformed data.
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of age (chi-square test, P = 0.024) (Table 3, Fig. 2). In a

binary logistic regression model, infants whose mothers

consumed more folate as supplements, i.e., in tertile 2 (200–

499 lg/day: OR = 1.70 [1.07, 2.70]; P = 0.012) and tertile 3

(>500 lg/day: OR = 1.85 [1.14, 3.02]; P = 0.013) were

more likely to develop eczema compared with those in tertile

1 with lower intake (<200 lg folic acid/day). After adjusting

for maternal allergy status and other potential confounders,

only the higher levels of folate in tertile 3 remained a signifi-

cant predictor of eczema (OR = 1.30 [95% CI 1.01, 1.67];

P = 0.040). The analysis was repeated separately in allergic

and nonallergic mothers to further allow for effects of genetic

predisposition and higher supplement usage in allergic

women. When sensitized allergic mothers (n = 311) were

examined separately, higher levels of folate also predicted

eczema development. Compared with tertile 1 (<200 lg folic

acid/day), those exposed to higher folate supplement were

nearly twice as likely to develop eczema (tertile 2: 200–

500 lg/day; OR = 1.88, 95% CI 1.06, 3.33; P = 0.034 and

tertile 3: >500 lg/day; OR = 1.73, 95% CI 0.948, 3.16;

P = 0.074) This comparison was not significant in the 138

(low risk) infants of nonallergic mothers. There were no other

significant relationships between folic acid supplement intake

in pregnancy and allergic outcomes, although there were non-

significant trends for less total allergic disease and sensitiza-

tion to be lower in children whose mothers consumed

<200 lg folic acid/day in pregnancy (as seen on Fig. 2).

Finally, maternal serum folate levels were not associated

with any infant outcomes at 1 year, including separate analy-

sis of allergic and nonallergic mothers.

Figure 2 Comparison of infant allergic outcomes at 1 year of age

according to maternal folic acid taken per day as a supplement in

pregnancy. Groups are compared by tertiles: infants in tertile 1

(<200 lg/day), tertile 2 (200–499 lg/day), and tertile 3 (>500 lg

folic acid/day). P < 0.05 is considered statistically significant.

Table 3 Association between folate taken as vitamin supplements in pregnancy and allergic outcomes in 484 infants at 1 year of age

Tertile 1

<200 mg/day

Reference�

group

Tertile 2

200–499 mg/day OR� (95% CI)

Tertile 3

>500 mg/day OR� (95% CI)

Any allergic disease, n (%) 49 (30.6) – 68 (37.6) 1.3 (0.8–2.1) 55 (39.9) 1.4 (0.9–2.4)

Sensitized, n (%) 34 (21.9) – 49 (28.3) 1.3 (0.8–2.3) 36 (26.9) 1.2 (0.7–2.1)

Recurrent wheeze, n (%) 20 (12.6) – 20 (11.2) 0.8 (0.4–1.7) 19 (14.0) 1.1 (0.6–2.3)

Eczema, n (%) 44 (27.3) – 69 (39.0)* 1.5 (1.0–2.5) 55 (41.0)* 1.7 (1.0–2.8)§

Food reactions n (%) 21 (14.9) – 33 (23.2) 1.7 (0.9–3.3) 21 (17.5) 1.2 (0.6–2.3)

IgE-mediated food allergy, n (%) 16 (10.1) – 25 (14.1) 1.4 (0.7–3.0) 16 (11.9) 1.1 (0.5–2.4)

Sensitized to food allergens§, n (%) 31 (20.0) – 44 (25.4) 1.3 (0.7–2.3) 30 (22.4) 1.1 (0.6–2.0)

*Indicates significant difference across the tertiles, Pearson’s chi-square P = 0.024.
�Tertile 1: was used as reference group in regression.
�Adjusted odds ratio and 95% confidence intervals: compared with reference group; adjusted for maternal allergy and infant postnatal diet

(pets, siblings, and day care did not change the relationships and were not included).
§Indicates significant difference in tertile risk relative to reference group.
–Egg, peanut, and milk sensitization.
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Association between cord blood folate and infant allergic

outcomes at 1 year

There were no significant differences in cord blood folate lev-

els in children who developed eczema (Fig. 1) or other aller-

gic symptoms, and in a logistic regression model, cord blood

folate levels did not predict any infant allergic outcomes.

However, when cord blood folate levels were categorized into

tertiles, infants in the middle tertile appeared less likely to

become sensitized at 1 year of age (Table 4, Fig. 3). Specifi-

cally, infants with cord blood folate levels >75.1 nmol/l were

nearly four times more likely (OR = 3.76; 95% CI 1.49,

9.51; P = 0.005) to be sensitized to at least one allergen

compared to infants with cord blood folate levels between

50.3 and 75.1 nmol/l, and this remained significant after

adjusting for maternal allergy and sensitization (OR = 3.59;

95% CI 1.40, 9.20; P = 0.008). These infants were also more

likely to be sensitized to food allergens, (egg, milk, and pea-

nut, OR = 2.64; 95% CI 1.07, 6.52; P = 0.035) and have

associated IgE-mediated symptoms of food allergy

(OR = 2.77; 95% CI 0.99, 7.71; P = 0.052).

Similarly, infants with cord blood folate levels in the lower

tertile (with cord folate level below 50.3 nmol/l) were three

times more likely to be sensitized in the first year of life com-

pared with infants in the middle tertile (OR = 2.96; 95% CI

1.16, 7.57; P = 0.024; adjusted for maternal allergy and sen-

sitization; OR = 3.02; 95% CI 1.16, 7.87; P = 0.024).

Exposure to pets, childcare, or siblings did not contribute

to or protect the infants from developing allergic disease and

variables for these were not included in any of the models.

Figure 3 Comparison of infant allergic outcomes at 1 year of age according to fetal serum folate levels (detected in cord blood at birth).

Groups are compared by tertiles: infants in tertile 1 (<50.3 nmol/l), tertile 2 (50.3–75.1 nmol/l), and tertile 3 (75.1 nmol/l). P < 0.05 is consid-

ered statistically significant.

Table 4 Association between cord blood folate (nmol/l) and allergic outcomes in 229 infants at 1 year of age

Tertiles of serum folate in neonates (nmol/I)

Tertile 1

<50.3 nmol/l OR� (95% CI)

Tertile 2

50.3–75.1 nmol/l

Reference�

group

Tertile 3

>75.1 nmol/l OR� (95% CI)

Reference = 1

Any allergic disease, n (%) 27 (33.3) 1.4 (0.7–2.9) 17 (23.6) – 28 (36.8) 1.8 (0.9–3.6)

Sensitized, n (%) 18 (25.7)* 2.7 (1.1–7.0)§ 8 (11.0)* – 22 (30.1)* 3.3 (1.3–8.0)§

Recurrent wheeze, n (%) 11 (14.3) 0.8 (0.3–2.1) 8 (12.3) – 8 (11.9) 0.9 (0.3–2.4)

Eczema, n (%) 26 (32.1) 0.9 (0.3–2.4) 21 (29.6) – 24 (32.4) 0.8 (0.3–2.2)

Food allergy, n (%) 12 (16.9) 1.5 (0.5–4.4) 6 (10.3) – 15 (24.2) 2.3 (0.9–6.5)

IgE-mediated food allergy, n (%) 9 (11.4) 1.7 (0.5–5.6) 4 (5.6) – 12 (16.2) 2.6 (0.9–8.1)

Sensitized to food allergens§ n (%) 17 (24.3) 2.2 (0.9–5.6) 9 (12.3) – 19 (26.0) 1.1 (0.5–2.4)

*Indicates significant difference across the tertiles, Pearson’s chi-square P = 0.014.
�Adjusted odds ratio and 95% confidence intervals: compared with reference group; adjusted for maternal allergy and infant postnatal diet

(pets, siblings, and day care did not change the relationships and were not included).
�Tertile 2: was used as reference group in regression.
§Indicates significant difference in tertile risk relative to reference group.
–Egg, peanut, and milk sensitization.
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Discussion

In this study, the most common manifestation of allergic dis-

ease in infants, eczema, was not associated with any signifi-

cant differences in maternal or cord blood serum folate

levels. There were also no differences in the amounts of folate

that mothers reported ingesting in their background diets.

The only significant difference was that mothers of children

with eczema appeared to consume more folate derived from

supplements. However, this was only assessed in the third tri-

mester and was not associated with any other allergic out-

comes assessed at 1 year, including sensitization. In this

population, the most significant source of folate intake in

pregnancy was from specific folic acid supplements, and

women taking more than 500 lg/day in this form (upper ter-

tile) were at the highest risk of delivering an allergic child,

even after adjusting for maternal allergic status. While the

finding lends some support for epidemiological associations

between maternal folate supplements in pregnancy and other

allergic outcomes such as childhood asthma (6, 8) and wheez-

ing (5), we did not see any effect on sensitization or wheezing

per se. Although wheeze in the first year of life is nonspecific,

it is also notable that another more recent study (the

KOALA birth cohort) found no association between mater-

nal supplementation and wheezing or asthma up to age 6–

7 years, instead with a weak protective relationship between

maternal folate levels and asthma (16). Consistent with our

findings, eczema was also increased in the KOALA study

when the mother had used folic acid during pregnancy

(OR = 1.34; 95% CI [1.02–1.75]), although this lost statisti-

cal significance after adjusting for confounders (OR = 1.27;

95% CI 0.96–1.66) (16).

We have also provided novel data exploring how reported

maternal folate intakes influenced fetal folate levels and how

these levels were related to allergic disease. Interestingly, we

did not see a linear relationship between fetal folate levels

and allergic outcomes. Rather there appeared to be a ‘U’-

shaped relationship such that infants with higher cord blood

levels (upper tertile of >75 nmol/l) were at the greatest risk

of allergic sensitization. Although this was consistent with

the higher risk of allergy in those with higher reported mater-

nal supplementation, we also saw an increased risk of allergic

sensitization in those with ‘relative deficient’ cord blood levels

(lower tertile; <25 nmol/l). This suggests that there may be

an ‘optimal range’ for folate levels in this context (middle ter-

tile; 50–75 nmol/l for this population). At this stage, the sig-

nificance of this is unclear, particularly, in relation to the

contrasting (more linear) relationship with reported maternal

supplementation. It is possible that these differences reflect

the complex relationship between maternal serum and cord

serum folate levels. Fetal levels were much higher (suggesting

preferential fetal uptake), and while there was some correla-

tion, this was <0.5. This was a likely reflection of an appar-

ent saturable limit, i.e., as maternal levels increased,

proportional fetal uptake reduced. This is also likely to

explain the discordant relationship between allergic outcomes

that were related to cord blood levels but not to maternal

serum levels. It could be argued that cord blood levels are a

more accurate measure of direct fetal exposure (than either

‘reported’ maternal supplement intake or maternal serum)

and could therefore be of more relevance in this context.

Although there was a wide range of folate intakes in this

population, the daily intake of 75% of the women was

greater than the recommended dose of 600 lg DFE/day (13)

mostly derived from vitamin supplements. Some of these

women exceeded the tolerable UL of intake of synthetic folic

acid of 1000 lg DFE/day. As indicated above, our findings

also suggest that achieving higher maternal blood levels

(above 78 nmol/l) through increased supplementation did not

result in a further increase in cord blood concentrations.

However, while there have been safety concerns relating to

the presence of metabolically unaltered folic acid in the circu-

lation, recent information suggests that unmetabolized folate

does not accumulate substantially in cord blood (17).

The strengths of this study are that it comprised a well-

characterized cohort with detailed allergic phenotypes of

both mothers and their infants, based on not only clinical

history but also confirmed by allergy SPT. We had biologi-

cal measures, as well as food frequency questionnaire data,

providing several different measures of folate status. On the

other hand, there are a number of acknowledged weak-

nesses of our study. The population is over represented

with allergic women and women with a tertiary education.

However, it could be also argued that any effect of folate

is most relevant on this population, already at recognized

higher risk of having an allergic infant. Notably, we did

demonstrate a separate effect of folate on allergic women

who consumed higher amounts of folate as supplements.

Finally, we only examined folate intake in the third trimes-

ter. It is not known at what stage of pregnancy folate sta-

tus may be most important for allergic outcomes. Notably,

Whitrow and colleagues (6) examined nutritional status at

multiple time-points and found that the effects on allergic

risk were only significant in the third trimester, well after

the critical time for protection against neural tube defects.

If this is borne out in further studies, there may be a case

for more specific targeting of synthetic folate (folic acid)

supplementation preconception and first trimester (as is cur-

rently the case) but perhaps not beyond. However, newer

studies have found no significant relationships between

folate use in early or late pregnancy (or preconception) and

asthma and allergy risk (16).

Based on these conflicting findings (5, 6, 8, 16), it is clearly

premature to consider any change in practice which remains

important to prevent neural tube defects. Together with these

other studies, our findings strengthen the need to explore the

potential mechanisms of interaction between in utero folate

exposure and the developing immune system in humans. This

needs to include exploration of the potential epigenetic

effects, which may change the developmental patterns of gene

expression, as suggested in animal studies (4). There are likely

to be a number challenges in this process including complex

differences in the effects of folate on methylation in different

tissues types and complex interactions with other dietary and

environmental factors. This reinforces the need to define the

early-life exposures that are driving the rise in disease suscep-
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tibility, as these may provide valuable avenues for disease

prevention.
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