
Pulmonary Perspective

Folate and Asthma

Joshua Blatter1*, Yueh-Ying Han1*, Erick Forno1, John Brehm1, Lisa Bodnar2,3, and Juan C. Celedón1

1Division of Pediatric Pulmonary Medicine, Allergy and Immunology, Department of Pediatrics, Children’s Hospital of Pittsburgh of UPMC, and
3Department of Obstetrics, Gynecology, and Reproductive Sciences, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania;

and 2Department of Epidemiology, University of Pittsburgh Graduate School of Public Health, Pittsburgh, Pennsylvania

Findings from experimental studies and animal models led to the
hypothesis that folic acid supplementation during pregnancy confers
an increased risk of asthma. This review provides a critical examina-
tion of current experimental and epidemiologic evidence of a causal
association between folate status and asthma. In industrialized na-
tions, the prevalence of asthma was rising before widespread fortifi-
cation of foodstuffs with folic acid or folate supplementation before
or during pregnancy, thus suggesting that changes in folate status are
an unlikely explanation for “the asthma epidemic.” Consistent with
this ecologic observation, evidence fromhuman studies does not sup-
port moderate or strong effects of folate status on asthma. Given
knownprotectiveeffectsagainstneural tubeandcardiacdefects, there
is no reason to alter current recommendations for folic acid supple-
mentation during conception or pregnancy based on findings for fo-
late and asthma. Although we believe that there are inadequate data
to excludeaweakeffect ofmaternal folate status onasthmaor asthma
symptoms, such effects could be examinedwithin the context of very
large (and ongoing) birth cohort studies. At this time, there is no jus-
tification for funding new studies of folate and asthma.
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In 2010, approximately 25.7 million people had asthma in the
United States (1). Changes in the intake of certain nutrients
or dietary patterns could partly explain this “asthma epidemic”
in the United States and other industrialized countries (2–4).

Dietary changes could affect asthma through epigenetic
mechanisms such as DNA methylation, which may lead to her-
itable or postnatal changes in gene expression without altera-
tions in DNA sequence (5). For example, maternal levels of
folate (a methyl donor) could alter the risk of asthma by caus-
ing hypo- or hypermethylation (and thus increased or de-
creased expression) of disease-susceptibility genes in relevant
fetal tissues (6, 7).

Findings in a mouse model suggest that maternal dietary in-
take of methyl donors modifies risk of allergic airways disease
(AAD) (8) and has generated considerable interest in a poten-
tial link between folate and asthma in humans. In this review,
we critically assess existing evidence for a causal association

between folate status and asthma or atopy and suggest future
directions for research in this field.

FOLATE METABOLISM AND PHYSIOLOGY

Folic acid is a synthetic form of folate used in fortification of
foodstuffs and nutritional supplements, and folate is a generic
term referring to all derivatives of folic acid.

Dietary folates are polyglutamates that are absorbed in the
proximal small intestine after hydrolysis. The bioavailability
of dietary folates is approximately one-half that of folic acid
(a monoglutamate) (9). Establishing precise dietary folate equiv-
alents (DFEs) that account for differences in bioequivalence be-
tween folic acid and dietary folates is challenging (10).

Folate is critical in the synthesis of purines and pyrimidines,
amino acids, and S-adenosylmethionine (SAM). SAM, a key
methyl donor in many biochemical reactions, has a role in the
methylation of phospholipids, RNA, and DNA (11). Folate me-
tabolism (Figure 1) generates numerous essential and nonessen-
tial amino acids.

The tetrahydrofolate (THF) molecule is a primary folate ac-
ceptor. THF is converted to methylene-THF, both directly and
via formylated folate. Once methylene-THF is converted to
5-methyl-THF bymethylene tetrahydrofolate reductase (MTHFR),
themethyl group that originatedwith folate is transferred to homo-
cysteine. This process ofmethyl transfer results in the generation of
methionine (12), which, in turn, helps to regenerate SAM.

ASSESSMENT OF FOLATE STATUS

Folate is accumulated in red blood cells (RBCs) during erythro-
poiesis. The three primary folate species (vitamers) in serum are
5-methyl-THF, 5-formyl-THF, and folic acid. Although all
vitamers mediate some of the varied biological effects of folate,
usual biomarkers or dietary assessment tools estimate only
“global” folate status.

Commonly used biomarkers include RBCs and serum folate.
Although RBC analysis indicates folate status over approxi-
mately 3 months (13), serum folate reflects short-term intake
of this nutrient. Dietary assessment tools, aiming to capture
“usual intake” of folate, include: multiple 24-hour dietary recalls,
food diaries, and food frequency questionnaires (FFQs) (14).
Accurate estimation of folate intake by self-report (e.g., by FFQs)
is difficult due not only to high day-to-day variation in diet but
also to systematic over- or underestimation of intake (15, 16) and
random measurement error (17). Moreover, the relationship be-
tween self-reported intake and serum folate is not uniformly lin-
ear at all intake levels (18).

ANIMAL MODELS OF FOLATE STATUS AND ASTHMA
OR ATOPY

Animal models provide an excellent tool to better understand
mechanisms that contribute to the fetal origins of airways
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diseases such as asthma. To our knowledge, there is no published
animal model of the effects of exclusive folate intake on experi-
mental asthma (AAD). However, previous work shows that
enriching the diet of female mice with methyl donors (including,
but not limited to, folic acid) during pregnancy impacts AAD (8).
In this study, high maternal intake of methyl donors enhanced the
severity of AAD (as indicated by increased airway responsive-
ness, serum total IgE, and eosinophils and IL-13 in lung lavage) in
offspring (the F1 generation) of C57BL/6J mice. This trait was
partially transmitted to the next (F2) generation. A diet rich in
methyl donors during lactation or adulthood had no effect on
AAD in this experimental model, suggesting that gestation is
the period most vulnerable to dietary manipulation (8). Consis-
tent with effects on lymphocyte maturation and development,
a maternal diet rich in methyl donors led to an increased ratio
of CD41/CD81 lymphocytes in the spleen of the offspring. In
addition, this in utero dietary intervention led to increased pro-
duction of IL-4 by splenic CD41 cells stimulated with monoclonal
antibodies to CD31CD281 cells, further suggesting that a mater-
nal diet rich in methyl donors favors lymphocyte maturation into
a Th2 phenotype (8).

To examine whether their findings were due to changes in
DNAmethylation of genes relevant to T lymphocyte regulation,
genome-wide site-specific DNA methylation was assessed in
lung tissue from F1 mice of the phenotypic extremes of AAD
that were gestated on a maternal diet high or low in methyl
donors (8). Using this genomic approach, 82 loci were found
to be differentially methylated after a methyl donor–rich diet:
these methylation changes were further shown to result in de-
creased transcriptional activity and increased severity of AAD.
Runt-related transcription factor (Runx3, a gene implicated in
negative regulation of AAD in mice) was shown to be hyper-
methylated, and Runx3-mRNA and protein levels were sup-
pressed in F1 mice exposed to a maternal diet rich in methyl
donors. Of interest, treatment of DNA from splenocytes with
a demethylating agent led to increased transcription of Runx3
in mice previously exposed to a maternal diet rich in methyl
donors (8). Although mouse models strongly support a role for
DNA methylation in the regulation of allergic airway inflam-
mation (19, 20), the specific role of dietary folate on the path-
ogenesis of AAD in mice, if any, is unknown.

EPIDEMIOLOGIC STUDIES OF FOLATE STATUS
AND ASTHMA OR ATOPY

Findings in mousemodels and/or known effects of methyl donors
(including folate) on epigenetic marks (DNA methylation) have

motivated 20 epidemiologic studies of folate and asthma or atopy
(Tables 1 and 2). The discrepant results of these studies are
likely due to differences in design (e.g., cross-sectional vs. lon-
gitudinal), sample size, age and selection of participants, phe-
notypic assessment of asthma or atopy, timing or methods (e.g.,
questionnaire assessment versus biomarkers) used for measure-
ment of folate status, and analytical approach (e.g., adjustment
for intake or level of other nutrients).

Cross-sectional studies allow initial examination of a scientific
question but cannot establish a temporal relationship between
the exposure and outcome of interest. Seven cross-sectional stud-
ies have yielded conflicting findings for folate and asthma or at-
opy (15, 16, 21–24) (Table 1).

Although three case-control studies with small sample size
(including preschool children [24], adolescents [16], and adults
[22]) found no significant association between dietary intake
(16) or serum level of folate (22, 24) and asthma (16, 22) or
atopic dermatitis (24), a larger case-control study of 1,030 Brit-
ish adults found a significant inverse association between die-
tary folate intake and physician-diagnosed asthma (adjusted [a]
odds ratio [OR] for each quintile increase in intake ¼ 0.89, 95%
confidence interval [CI] ¼ 0.81–0.98) (25). In contrast to find-
ings from case-control studies, a cross-sectional study of 1,601
Australian adults showed that dietary intake of folate was pos-
itively associated with having ever had physician-diagnosed
asthma (OR for each mg ¼ 2.2, 95% CI ¼ 1.2–3.9) but not with
current asthma, airway responsiveness, or atopy (23). In another
cross-sectional study, serum folate was inversely associated
with wheeze (aOR for comparison of the highest and lowest
quintile ¼ 0.6, 95% CI ¼ 0.4–0.8) or atopy (aOR ¼ 0.7, 95%
CI ¼ 0.6–0.9) but not with physician-diagnosed asthma in 8,083
children and adults (age range ¼ 2–85 yr) in the United States
(21). In Denmark, a study of 6,784 adults found that a low se-
rum folate was significantly associated with physician-diagnosed
asthma (aOR for comparison of lowest versus highest quartile ¼
1.37, 95% CI ¼ 1.05–1.79) but not with impaired lung function,
airflow obstruction, or atopy (15).

In summary, although all cross-sectional studies of folate and
asthma have been limited by potential selection bias, evidence
from four studies with adequate sample size (15, 21, 23, 25)
is weak and inconsistent: two reported negative findings for
(physician-diagnosed [21] or current [23]) asthma, one reported
an inverse association between dietary folate intake and physician-
diagnosed asthma (25), and another reported an inverse asso-
ciation between serum folate and physician-diagnosed asthma
but no association with airflow obstruction (15).

Longitudinal studies are well suited to study whether folate
status is temporally associated with asthma or atopy. To date,
13 such studies (including 11 birth cohorts) have been published
(Table 2). A recent study that assessed serum folate (at ages 2,
4, 6, and 8 yr) in 138 U.S. children found that approximately
75% of participants had relatively stable folate levels through-
out the study (Cluster A). Compared with this Cluster A, the
remaining participants (Cluster B) had significantly higher se-
rum folate levels at ages 2 to 6 years but not at age 8 years (26).
In this study, increased serum folate levels were significantly
associated with allergic sensitization (to aeroallergens and food
allergens) but not with total IgE at ages 6 and 9 years (26).
There was no significant association between serum folate and
asthma or wheezing at age 6 years. Another study by the same
group examined serum folate and disease severity or control in
144 inner-city children (aged 5–17 yr) with persistent asthma
over 1 year of follow-up (27). In this study, children with a folate
level in the second quartile had a total IgE that was higher than
those with a folate level in the lowest quartile but not signifi-
cantly different from those in the third or fourth quartile. Serum

Figure 1. Folate metabolism. Methylene tetrahydrofolate reductase

(MTHFR) catalyzes the rate-limiting step in the regeneration of methyl

donors. Methylene tetrahydrofolate (THF) has a role in nucleotide synthe-
sis, and S-adenosylmethionine (SAM) contributes to DNA methylation.
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folate was not significantly associated with fractional exhaled
nitric oxide, lung function, hospitalizations for asthma, or asthma
symptoms (1). Interpretation of the findings of the two studies
above is limited by small sample size, potential selection bias, and
limited adjustment for probable confounders.

Birth cohort studies are best suited to examine the question
posed by experimental studies (8): does folic acid supplementa-
tion during pregnancy lead to an increased risk of asthma or
atopy? Three such studies examined maternal folate intake during
pregnancy (through diet [28, 29] or use of supplements [30]) and
wheeze at or before age 2 years (28–30) (when this symptom may
represent transient wheeze and not asthma). In a study of 32,077
children in Norway (where food was not fortified with folic acid),
maternal self-reported use of folic acid supplements in the first
trimester of pregnancy was significantly associated with modestly
increased risks of wheeze (adjusted relative risk ¼ 1.06, 95% CI¼
1.03–1.10), lower respiratory infections (LRIs), and hospitaliza-
tions for LRIs in the first 18 months of life (30). In contrast,
Miyake and colleagues reported no significant association be-
tween maternal dietary intake of folate at any trimester of preg-
nancy and either wheeze or eczema in 763 Japanese children aged
18 to 24 months (28). Similarly, a study of 1,290 mother-child pairs
in Boston found no significant association between maternal
dietary intake of folic acid in the first and second trimesters of
pregnancy and either wheeze or eczema at age 2 years (29).
Differences between the study from Norway (30) and the other
two studies (28, 29) include selection/retention of participants,
sample size, and timing of and approach to assessing folate status.

All five birth cohort studies that examined questionnaire-
based maternal folate status during pregnancy and asthma or al-
lergies at or after age 5 years (31–35) were limited by significant
loss of follow-up at school age (approximately 16–62%). Of these
five studies, four yielded negative results (31, 33–35): two of these
null studies relied solely on reported use of folic acid supple-
ments at any trimester (35) or in the first/second trimester of
pregnancy (33), whereas the other two assessed maternal folate
status (by reported dietary intake or use of folic acid supple-
ments) after the first trimester (31, 34). One of these four neg-
ative studies focused on children at risk for diabetes mellitus

type I (31). The only study to show a significant association
between maternal use of folic acid supplements (in late preg-
nancy) and asthma after age 3 years had limited phenotypic
assessment of asthma or atopy and significant (approximately
24%) loss of follow-up of participants at age 5.5 years (32).

Three birth cohort studies have examined circulating or intra-
cellular (usingRBC folate)maternal folate status during pregnancy
and asthma in offspring (36–38). In a study of 2,834 Dutch children,
maternal intracellular folate status (measured in the third trimester
of pregnancy in 837 [29.5%] participants) was not significantly
associated with allergic sensitization at age 2 years or asthma or
lung function at age 6 to 7 years (36). In this study, there was
also no significant association between maternal report of folic
acid supplementation at any trimester of pregnancy and asthma
or other outcomes in 1,902 (72.1%) of the participants at age 6
to 7 years. Although the overall results were consistent, and the
phenotypic assessment of asthma was adequate, this study was
limited by potential selection bias and nonassessment of folate
status in the first or second trimester of pregnancy (36). A sec-
ond, larger birth cohort study of Dutch children (n ¼ 8,742)
found that nonfasting maternal plasma levels of folate or vita-
min B12 during the first trimester of pregnancy were signifi-
cantly associated with increased odds of atopic dermatitis but
not with asthma at age 4 years (37). In contrast to the negative
findings for asthma in the Dutch studies, a case-control study of
1,962 Norwegian children (nested within a birth cohort) found
a significant linear association between maternal plasma folate
in the second trimester of pregnancy and asthma at age 3 years
(38). Due to short duration of follow-up, both the second Dutch
study (37) and the Norwegian study (38) are limited by potential
misclassification of asthma.

In summary, all 11 birth cohort studies of folate and asthma or
atopy were limited by lack of data on either maternal dietary in-
take or folate level in early pregnancy (Table 2). Seven of these
studies yielded negative findings: three did not follow children
up to age 6 years (when a diagnosis of asthma would be more
accurate), and the other four had substantial loss of follow-up at
or after age 6 years (which may lead to selection bias). Findings
from four positive studies must also be cautiously interpreted

TABLE 1. CROSS-SECTIONAL STUDIES OF FOLATE STATUS AND ASTHMA OR ATOPY

Reference Study Design Main Findings Limitations

Thuesen et al. (15) Cross-sectional study of 6,784 Danish adults

aged 30–60 yr

Serum folate inversely associated with physician-

diagnosed asthma but not with impaired lung

function, airflow obstruction, or atopy

Lack of data on nutritional supplements

and limited assessment of dietary intake

Bueso et al. (16) Nested case-control study of 169

Norwegian children aged 13–14 yr

No significant association between dietary

folate intake (assessed by food diaries) and

physician-diagnosed asthma

Small sample size, lack of data from a

food frequency questionnaire or folate

levels, and potential selection bias

Matsui and

Matsui (21)

Cross-sectional study of 8,083 U.S. children

and adults (aged 2–85 yr)

Serum folate inversely associated with wheeze,

total IgE, and atopy; no significant association

with physician-diagnosed asthma

Nonassessment of dietary intake and age

heterogeneity of study participants

Farres et al. (22) Case-control study of 180 adults in Egypt No significant association between serum folate

and asthma. Among subjects with asthma

(n ¼ 120), serum folate was inversely

associated with total IgE

Small sample size, nonassessment of

dietary intake, and potential

selection bias

Woods et al. (23) Cross-sectional study of 1,601 adults

(aged 20–44 yr) in Australia

Dietary intake of folate was significantly

associated with physician-diagnosed asthma

ever (adjusted odds ratio for each mg ¼ 2.2, 95%

confidence interval ¼ 1.2–3.9) but not with current

asthma, airway responsiveness, or atopy.

Lack of folate levels, likely selection bias,

and nonadjustment for multiple testing

Shaheen et al. (24) Case-control study of 40 Indian children

aged 2–4 yr

No significant association between serum folic

acid and atopic dermatitis

Small sample size, nonassessment of

dietary intake, and potential

selection bias

Patel et al. (25) Nested and matched case-control study of

1,030 adults (aged 45–75 yr) in England

Dietary intake of folate was significantly

associated with reduced odds of physician-

diagnosed asthma

Nonassessment of folate supplementation

or folate levels, potential selection bias,

and lack of objective markers of

asthma or atopy
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because of short follow-up (1.5–4 yr), limited phenotypic assess-
ment, and (in two instances) inconsistent results for asthma and
atopy or atopic diseases. In spite of the limitations discussed
above, birth cohort studies offer weak and inconsistent evidence
for an effect of maternal folate status on childhood asthma.
Findings from the largest birth cohort study to date suggest that
maternal folic acid supplementation may weakly increase the
risk of wheeze and LRIs in early childhood (30).

GENE-BY-FOLATE INTERACTIONS ON ASTHMA
OR ATOPY

Homozygosity for a common coding mutation (C677T) inMTHFR
is associated with reduced enzymatic activity of the coded protein
(39), increased risk of a low folate status (15), and reduced ge-
nomic (global) DNA methylation in subjects with low folate
status (40).

TABLE 2. LONGITUDINAL STUDIES OF FOLATE STATUS AND ASTHMA

Reference Study Design Main Findings Study Limitations

Okupa et al. (26) Prospective cohort study of 138 U.S.

children followed from ages 2–9 yr

Increased serum folate levels at or before age

6 yr were significantly associated with

allergic sensitization but not with serum

total IgE, asthma, or wheezing at ages 6 or 9 yr

Small sample size, potential selection bias due

to substantial loss of follow-up of original

study participants, nonassessment of dietary

intake, and limited adjustment for potential

confounders

Lin et al. (27) Prospective study of 144 inner-city U.S.

children with persistent asthma

(aged 5–17 yr) followed for 1 yr

Serum folate not significantly associated

with fractional exhaled nitric oxide, degree

of atopy, lung function, or hospitalizations

for asthma. Compared with the first (but

not the third or fourth) quartile, a folate

level in the second quartile was significantly

associated with increased total IgE

Small sample size, nonassessment of dietary

intake, lack of correction for multiple testing,

and limited adjustment for potential

confounders

Miyake et al. (28) Birth cohort study of 763 Japanese

children followed up to

age 16–24 mo

No significant association between maternal

folate intake at any trimester of pregnancy

and wheeze or eczema at age 16–24 mo

Nonassessment of folate supplementation or

folate levels, lack of analysis of folate intake

by trimester of pregnancy, no objective

markers of asthma or atopy, potential

selection bias, and short duration of follow-up

Litonjua et al. (29) Birth cohort study of 1,290

U.S. children followed up

to age 2 yr

No significant association between maternal

folate intake in the first and second trimesters

of pregnancy and wheeze or eczema at age 2 yr

Lack of folate levels, no objective markers of

atopy or asthma, and limited duration

of follow-up

Håberg et al. (30) Birth cohort study of 32,077

Norwegian children followed

up to age 18 mo

Folic acid supplementation in the first trimester

of pregnancy was significantly associated with

increased risk of wheeze, LRIs, and

hospitalizations at age 18 mo

Maternal folate status assessed only by

self-reported supplementation, lack of

objective markers of atopy or asthma, short

duration of follow-up (and thus inability

to confidently diagnose asthma)

Nwaru et al. (31) Birth cohort study of 2,441 Finnish

children at risk for diabetes mellitus

type I, followed up to age 5 yr

No significant association between maternal

folate intake in the third trimester of

pregnancy and asthma at age 5 yr

Nonassessment of maternal folate intake in

the first or second trimester of pregnancy,

lack of folate levels, limited duration of

follow-up, and potential selection bias

Whitrow et al. (32) Birth cohort study of 423 Australian

children followed up to age 5.5 yr

Maternal folic acid supplementation in late

pregnancy was significantly associated with

increased risk of asthma at 3.5 yr. Similar but

nonsignificant findings were shown at age 5.5 yr

Lack of folate levels, potential selection bias,

no objective markers of asthma or atopy

Martinussen

et al. (33)

Birth cohort study of 1,499 U.S.

children followed up to age 6 yr

No significant association between maternal

folate supplementation in the first trimester

of pregnancy and asthma at age 6 yr

Nonassessment of dietary intake or folate

levels, potential selection bias, and lack of

objective markers of asthma or atopy

Granell et al. (34) Birth cohort study of 5,364

British children followed up

to age 7–8 yr

No significant association between maternal

folate intake in the third trimester of

pregnancy and atopy (> 1 positive skin

test to allergens) at age 7–8 yr

Nonassessment of dietary intake in the first or

second trimester of pregnancy, potential

selection bias, lack of folate levels

Bekkers et al. (35) Birth cohort study of 3,786

Dutch children followed

up to age 8 yr

No overall (from 1–8 yr of age) significant

association between folic acid supplementation

during pregnancy and (frequent) asthma

symptoms, wheeze, LRIs, or eczema. Negative

findings also obtained for airway responsiveness

or allergic sensitization at age 8 yr

Lack of data on maternal dietary intake or

folate levels, potential selection bias due to

significant loss of follow-up (z 57%) at

age 8 yr

Magdelijns

et al. (36)

Birth cohort study of 2,834

Dutch children followed

up to age 7 yr

No significant association between maternal

folate supplementation during pregnancy

and allergic sensitization at age 2 yr or

asthma at age 6–7 yr. Borderline significant

inverse association between maternal RBC

folate level in the last trimester of pregnancy

and asthma at age 6–7 yr (P ¼ 0.05)

Potential selection bias (z 28% of children

not followed up to 7 yr and z 67% had no

RBC folate level), and nonassessment of

maternal dietary intake at any time or of

RBC folate in early pregnancy

Kiefte-de Jong

et al. (37)

Birth cohort study of 8,742

Dutch children

followed up to age 4 yr

Nonfasting maternal plasma folate level in the

first trimester of pregnancy was significantly

associated with increased odds of eczema

but not with asthma at age 4 yr

Short duration of follow-up and limited

phenotypic assessment of asthma or atopy

Haberg et al. (38) Case-control study (nested within

a birth cohort study) of 1,962

Norwegian children followed

up to age 3 yr

Maternal plasma folate level in the second

trimester of pregnancy was significantly

and linearly associated with increased

odds of asthma.

Nonassessment of dietary intake, short

duration of follow-up, and limited phenotypic

assessment of asthma or atopy

Definition of abbreviations: LRI ¼ lower respiratory infection; RBC ¼ red blood cell.
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An association between MTHFR C677T genotype and atopy
or atopic asthma was reported in studies in Denmark (41) and
China (42) but not replicated in subsequent studies in Denmark
(15) and the United Kingdom (34). Among 1,482 Danish adults,
subjects who were homozygous for the T allele of the C677T
mutation in MTHFR had increased odds of atopy (aOR ¼ 1.8,
95% CI ¼ 1.2–2.6, P , 0.01) (41). In this study, the estimated
effect of dietary folate intake on atopy was only significant in
homozygous TT subjects (aOR ¼ 0.7, 95% CI ¼ 0.5–0.9) (41).
In contrast, a large birth cohort study of British children (n ¼
5,364) and their mothers (n ¼ 7,356) found no significant asso-
ciation between the C677T mutation and atopy or asthma in
participating mothers or their children (34). Moreover, this
study found no significant interaction between the C677T mu-
tation and dietary folate intake on atopy or asthma. Limitations
of published studies of MTHFR and asthma or atopy include
nonmeasurement of biomarkers (15, 34, 41, 42), potential selec-
tion bias (34, 42), and limited assessment of atopy or asthma
(41, 42).

CONCLUSIONS AND FUTURE DIRECTIONS

Extrapolating findings from animal studies to humans is chal-
lenging. For example, the experimental study on gestational
dietary supplementation of methyl donors and AAD was per-
formed in a single strain of mice that received what would be
high to very high doses of methyl donors in humans. Of note,
exclusive folate supplementation during pregnancy was not eval-
uated in that experimental study.

In many countries, patterns of folate intake have changed due
to fortification programs and maternal supplementation. In the
U.S. population, mean serum folic acid levels after fortification
(1999–2010) were 2.5 times higher than those measured during
an earlier period (1988–1994) (43). Because the prevalence of
asthma in the United States and other industrialized nations was
rising before food fortification with folic acid or widespread use
of maternal folate supplementation (44), changes in maternal
folate status are an unlikely explanation for the “asthma epi-
demic.” Consistent with these ecologic observations, findings
from cross-sectional or birth cohort studies (Tables 1 and 2)
do not support a moderate or strong association between folate
status and asthma. Given known benefits of folic acid supple-
mentation during conception and pregnancy on preventing neu-
ral tube and cardiac defects, there is no reason to alter existing
recommendations based on findings for folate and asthma or atopy.

In contrast to the relatively large number of studies of folate
status and asthma per se, the relation between folate status and
asthma severity or control has only been assessed in two studies
with small sample size and thus limited statistical power.

Although we believe that there are inadequate data to ex-
clude a weak ormodest effect ofmaternal folate status on asthma
or asthma symptoms, such an effect should and could be exam-
ined within the context of ongoing (very large) birth cohort stud-
ies (e.g., Reference 30). Similarly, secondary analyses of existing
studies of subjects with asthma could help assess whether folate
status has any role in disease severity or control in subjects
with asthma. At this time, there is no justification for funding
de novo studies of folate and asthma.

Author disclosures are available with the text of this article at www.atsjournals.org.
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