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TABLE I. Sociodemographic characteristics

Characteristic % (n 5 138)

Sex

Male 58

Female 42

Age, mean 6 SE

Race/ethnicity

Non-Hispanic white 88

Hispanic 4

Non-Hispanic black 5

Other 2

Maternal asthma 43

Paternal asthma 28

Maternal allergy 85

Paternal allergy 79

Income ($)

<20,000 4
>_20,000 83

Refused/don’t know 13
Early-life folate levels are associated with in-
cident allergic sensitization

To the Editor:
One of the potential etiologies of the recent rise in allergic

diseases is changes in environmental exposures such as dietary
factors like folic acid. In a mouse model, a maternal dietary
supplementation with methyl donors that included folic acid was
related to severe allergic lung disease in the offspring.1 These an-
imal model data have been supported by several epidemiologic
studies that have found an increased risk of wheezing and lower
respiratory tract infections from birth to 18 months of age2,3

and an increased risk of asthma4 associated with maternal folic
acid supplementation during pregnancy. In contrast to these stud-
ies, more recent studies showed no association between maternal
folate supplementation and the risk of allergic diseases in the
offspring.5,6

In contrast, in the NHANES, folate status was not a risk factor
for allergic outcomes and, in fact, was inversely associated with
atopy, wheeze, and elevated IgE levels.7 This latter study demon-
strated an inverse relationship between folate and allergic disease
as opposed to the positive relationship shown in the studies of in
utero effects of folate, suggesting that folate’s effects may differ
by age. Although a picture may be emerging that folate levels
are associated with increased risk in utero but protection during
late childhood and adulthood, the effects of folate in early child-
hood remain unknown. This question has important implications
because intervening in early childhood, rather than pregnancy, by
modifying folate intake would preserve the known beneficial ef-
fects of folic acid supplementation in pregnancy on the risk of
neural tube defects. Therefore, we examined the effects of early
childhood folate status on incident aeroallergen and food sensiti-
zation, as well as wheezing at school age, in a high-risk birth
cohort.

We used data generated from the Childhood Origins of Asthma
project, which is a cohort of children at high risk of developing
asthma and allergic disease. Details about the study design and
characteristics of its subjects (Table I) have been previously pub-
lished. The Human Subjects Committee of the University of Wis-
consin approved the study, and informed consent was obtained
from the parents. Outcomes of interest included wheezing,
asthma diagnosis, and allergic sensitization. For more details,
please refer to the Appendix in this article’s Online Repository
at www.jacionline.org.

Folate levels were measured in our cohort (n5 138) at ages 2,
4, 6, and 8 years, and model-based clustering (please see
References in this article’s Online Repository at www.
jacionline.org) was used to identify 2 clusters of participants on
the basis of the temporal pattern of their folate levels. Cluster
A, comprising 75% of the cohort, had stable levels throughout
the first 8 years, while cluster B, the remaining 25% of the cohort,
initially had higher folate levels but by year 8 was no different
than cluster A (Fig 1, A). Cluster B had significantly greater rates
of allergen sensitization at ages 3 (P 5 .03), 6 (P 5 .05), and 9
years (P5 .008) (Fig 1, B). Specifically, cluster B had higher rates
of sensitization to seasonal aeroallergens (21% vs 44%; P5 .03),
perennial aeroallergens (41% vs 68%; P5 .02), and foods (8% vs
26%; P 5 .02) (Fig 1, B and C).
These relationships remained significant after adjusting for
gender and socioeconomic status. Interestingly, total IgE levels
did not differ significantly by folate cluster (data not shown),
suggesting that early-life folate status may influence the risk of
specific allergic sensitization rather than IgE production in
general. In addition, wheezing illness (Fig 1, D) and asthma rates
at 6 years (36% vs 39%; P5 .74) did not differ between the 2 fo-
late clusters, respectively. Last, a comparison of the characteris-
tics of the children who were included versus those who were
excluded from the Childhood Origins of Asthma cohort showed
no significant differences (see Table E1 in this article’s Online Re-
pository at www.jacionline.org).

This is the first study, to our knowledge, to find that early-life
folate status may influence the risk of incident aeroallergen and
food sensitization. In addition, our findings suggest that the first
few years of life, a critical time period for immune maturation,
may be an age at which children may be more vulnerable to
potential immune-modulating effects of folate. Our results also
support the notion that the effects of folate vary by age. Specif-
ically, higher folate levels in utero and early childhood folate sta-
tus may increase the risk of allergic sensitization while higher
folate levels later in life may confer protection against allergic
sensitization.7

Although we observed associations between folate status and
allergic sensitization, there were no significant associations
between folate status and wheeze or asthma. While it is plausible
that folate acts mainly on allergic sensitization, and does not
affect the risk of respiratory allergy, themodest sample size of this
cohort limits our statistical power to detect effect sizes that might
be expected with an outcome such as wheeze. Future studies
powered to detect this magnitude of effect are needed before a
relationship between early-life folate levels and asthma risk can
be ruled out.

Another novel aspect of our findings was that the risk of
aeroallergen sensitization associated with higher early-life folate
levels was also observed for food sensitization. Higher folate
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FIG 1. A,Model-based clustering identification of 2 clusters of participants on the basis of the temporal pat-

tern of their folate levels. Cluster A shown in blue and cluster B shown in red. B, Rates of allergen sensiti-

zation in cluster A versus cluster B. C, Rates of food sensitization in cluster A versus cluster B. D, Wheezing

illness in cluster A versus cluster B.
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levels were associated with an increased risk of developing any
food sensitization to milk, egg, or peanut. Although differences
in food sensitization rates were first observed at age 3 years,
these differences between the 2 folate groups were not statisti-
cally significant until age 6 years. Because of the modest sample
size, we were unable to determine whether the risk of food
sensitization was also borne out as an increased risk in likely
food allergy.

The mechanisms underlying our observations are unclear.
Although folate has a myriad of biologic effects, one current
hypothesis posits that it may promote DNA methylation since it
serves as a methyl donor, thereby suppressing the expression of
key immune regulatory genes.1,8 Although these findings point to
the potential for folate to act via an epigenetic mechanism in early
childhood, folate has many roles in cellular function so that it may
act on the pathogenesis of allergic sensitization by other
mechanisms.

Other potential confounding factors may include breast-
feeding, consumption of high-folate-containing (or folate-
fortified) foods. In this study, we found no significant difference
between breast-feeding in both clusters (data not shown).
Although we cannot ascertain exactly what role diet may have
contributed to variability in our findings, in this study dietary folic
acid intake would not be considered a true confounder as it is
present in the causal pathway; since dietary intake is the major
driver of plasma folate levels, our use of plasma folate levels
already captures the dietary intake of folic acid. However, it is
possible that plasma folate levels are simply a marker in
general of a healthy diet and that some other component of a
healthy diet—such as another micronutrient—could be the true
driver of allergic sensitization risk rather than folate. The
observational study design does not allow for the evaluation of
this question, and so this limitation could not be controlled for in a
natural history study such as Childhood Origins of Asthma.

In summary, we found in a high-risk birth cohort that higher
folate levels in early childhood were significantly associated with
the increased incidence of both food and aeroallergen sensitiza-
tion, suggesting that folate may confer the risk of allergy not only
in utero but also in the first few years of life. These findings sug-
gest that modification of folate intake in early childhood could re-
duce the risk of allergic sensitization and support the conduct of
larger prospective studies to determine whether these findings
are reproducible and whether folate affects the risk of allergic
disease as well as the risk of allergic sensitization.
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APPENDIX
A wheezing respiratory illness during the first 3 years of life

was defined as meeting 1 or more of the following criteria: (1)
physician-diagnosed wheezing at an office visit; (2) an illness
for which the child was prescribed short- or long-acting beta-
agonists and/or controller medications; or (3) an illness given
the following specific diagnoses: bronchiolitis, wheezing illness,
reactive airway disease, asthma, or asthma exacerbation.
Children were diagnosed as having asthma at age 6 years if
they fulfilled 1 or more of the following criteria: physician-
diagnosed asthma, frequent albuterol use for coughing or
wheezing episodes prescribed by physician more than 2 times
per week or more than 2 nights per month, use of a prescribed
daily controller medication, an implemented step-up plan with
albuterol or inhaled corticosteroids during illness as prescribed
by a physician, or used prescribed oral prednisone for an
asthma exacerbation. Allergic sensitization was determined by
fluorenzyme immunoassay at age 6 years. Any single result of
0.35 kU/L or more was considered as positive. For fluorenzyme
immunoassay testing, we collected blood, isolated plasma,
utilized the UniCap system to measure IgE levels, and evaluated
the following perennial and seasonal allergens—dust mite,
cat, dog, birch, timothy grass, alternaria, ragweed, peanut,
and egg.

Sensitization was defined as 1 or more positive (>0.34) specific
IgE results at the annual blood draw. Foods included milk/egg/
peanut for years 1 to 3 and egg/peanut for years 51. Perennial
allergens included dog, cat, Alternaria alternata, Dermatopha-
goides pteronyssinus, andDermatophagoides farinae. Cockroach
was added to the panel of allergens starting at age 5 years. Sea-
sonal allergens were tested starting at age 5 years and included
ragweed, timothy grass, and silver birch.E1

Plasma folate levels were available in a total of 138 children at
age 2, 4, 6, and 8 years. These levels were measured by the Johns
Hopkins Hospital Clinical Laboratory.

There were also no differences in sample storage time between
the 2 clusters (P 5 .90, .78, .88, and .70 for years 2, 4, 6, and 8,
respectively). Biosample quality, analyses, and batch type were
also similar. Further information regarding the model-based
clustering methods can be found in Fraley et al.E2,E3
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TABLE E1. Comparison of included and excluded subjects

Percent not

included

(n 5 147)

Percent

included

(n 5 138)

P

value

Male gender 55 58 .63

White 85 88 .40

Maternal asthma 40 43 .61

Paternal asthma 33 28 .40

Maternal allergy 80 85 .27

Paternal allergy 80 79 .80

Income <$20,000 94 96 .54

Exclusive breast-feeding first 6 mo 28 36 .13

Asthma year 6 26 30 .39

Aeroallergen sensitization year 3 32 24 .18

Total n 5 285 subjects who were in the study through the first year of life.
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