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ABSTRACT

Background: Folic acid supplementation is universally recommended for women of child-bearing age to
prevent fetal neural tube defects (NTDs). Concerns have arisen over the potential risk for childhood allergy
and asthma due to folic acid supplementation. We examined whether periconceptional supplementation with
low-dose folic acid only was associated with an increased risk for allergy symptoms or asthma in offspring at
4-6 years of age.

Methods: Out of 247831 participating women enrolled in 1993-1996, 9090 were randomly selected and
their children were followed up in 2000-2001. Information on mothers’ demographic characteristics, folic
acid supplementation and allergic diseases among children was collected. We used logistic regression to
evaluate the association between folic acid intake and risk for allergic disease while adjusting for potential
confounding factors.

Results: The rate of allergy symptoms was 1.54% among children whose mothers had taken folic acid
compared with 2.04% among those whose mothers had not taken folic acid, and the rate of asthma was
0.92% and 0.88%, respectively. Maternal folic acid supplementation was not associated with risk for allergy
symptoms or asthma, with odds ratios (95% CI) of 0.80 (0.58-1.11) and 1.04 (0.67-1.61), respectively. No
differences in the occurrence of allergy symptoms or asthma were observed when data were analysed by
timing of supplementation or compliance with folic acid supplementation.

Conclusions: Supplementation with low-dose folic acid only during the periconceptional period did not
increase risk for allergy symptoms or asthma in children at 4-6 years of age in a population without staple
fortification with folic acid.
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Introduction

Periconceptional folic acid supplementation has well-established beneficial effects for preventing neural
tube defects (NTDs) [1-3]; therefore, it is universally recommended for women of reproductive age,
including women in the early stages of pregnancy and those planning to become pregnant. In addition,
the strong evidence demonstrating a reduced risk for NTDs as a result of folic acid supplementation has
led to mandatory FA fortification of staples in more than 80 countries, including the USA [4], Canada [5]
and Chile [6], among others. These interventions have resulted in an unprecedented number of women
being exposed to nondietary sources of folic acid [6, 7], and concerns have arisen over the potential risk of
excess folic acid for childhood allergic disorders [8-11]. Data have shown that the rate of childhood
asthma has increased significantly, doubling from 1980 to 1995 and then increasing slowly from 2001 to
2010 in the USA [12]. The same trend has been observed in lower middle-income countries [13], which
makes it a critical public health problem.

The findings of studies on a possible association between maternal folic acid supplementation and allergic
disorders in children are inconsistent. In a population-based cohort study in Norway, maternal
supplementation with folic acid was associated with a slightly increased risk for asthma in children [10];
however, this increased risk was seen only in women who ate a diet rich in folate. A case-control study
suggested that maternal intake of folic acid at a dose higher than the recommended dose (>400 pg-day )
was more often observed in the group of allergic subjects than in the control group [14], whereas
supplementation with a relatively low dose was associated with a decreased risk for infant asthma
(<36 000 pg-day~400 ug-day ™' for less than 3 months, OR 0.36, 95% CI 0.17-0.77) [15]. Finally, in other
studies, prenatal folic acid exposure was associated with a higher risk for childhood asthma in countries
that did not fortify the food supply with folic acid; the association was not observed in countries where
mandatory food fortification with folic acid already existed [9, 16].

Differences in the timing of folic acid supplementation and in children’s age when allergic disorders were
identified have led to variable results. Supplementation in the first trimester of pregnancy slightly increased
the risk of wheezing in children younger than 18 months in Norway [17], whereas studies in the USA did
not find an association between second-trimester maternal plasma folate levels and infant bronchiolitis
[18] or asthma [16]. Folic acid supplementation in late pregnancy (30-34 weeks) was related to an
increased risk for asthma at 3.5 years persistent to 5.5 years of age in Australia [19]. Finally, a recent study
in the Netherlands showed that maternal use of folic acid during pregnancy was associated an increased
risk of wheezing only at 1 year of age; it was not associated with childhood respiratory health or atopy at
8 years old [20].

The discrepancies in these findings may be due to differences in study design (cross-sectional versus
longitudinal), sample size, timing of supplementation, dose, child age, or form of folic acid (folic acid only
or multiple vitamins). In the present study, we examined whether periconceptional supplementation with
low-dose folic acid only (400 ug-day™') was associated with an increased risk for allergy symptoms or
asthma in children 4-6 years of age in a large mother—child cohort in a setting with no staple fortification
with folic acid.

Methods

Study design and subjects

This study was based on a community intervention trial conducted in China during the 1990s that
evaluated the effectiveness of folic acid supplementation with no additional vitamins on the prevention of
NTDs [1]. The original trial included 247831 women who were registered with a pregnancy-monitoring
system (PMS) between October 1993 and September 1995; birth outcomes were tracked through
December 31, 1996 [21]. All women in the project counties who were preparing for marriage or who
became pregnant were registered and advised to take a pill containing 400 pg folic acid only every day. All
FA supplementation was supplied by the community intervention project. Supplementation started at the
time of registration with the PMS and stopped at the end of the first trimester. For those women who were
in the second trimester when registered, no folic acid supplement was available for them. Detailed
information on folic acid supplementation was prospectively recorded through checking the number of
pills taken at monthly home visits by local health workers, and demographic information about the
subjects was collected at registration. From December 2000 to September 2001, when the children born to
these women were 4-6 years of age, a total of 9100 mother—child pairs were randomly selected from the
PMS [22, 23]. That is, 350 pairs in each city/county from 26 cities/counties that participated in the trial
were randomly selected (Supplementary Figure 1). Parents were interviewed in person and asked to
complete the Child Behavior Checklist (CBCL), a standardised questionnaire that uses parent ratings to
assess emotional and behavioural problems in children and adolescents [24]. All interviewers were trained
and passed qualifying examinations before participating in the investigation. We excluded cases with
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missing information on child sex, maternal age, maternal education, or allergic disorders. A total of
9090 mother-child pairs were ultimately included in the final analyses.

Definition of folic acid use

The classification and patterns of folic acid consumption were the same as previously reported [1]. Briefly,
women who had taken folic acid pills at any time from the start of the registration period until the end of
the first trimester of pregnancy were classified as folic acid users. Women who had not agreed to take folic
acid or who had been registered during the second trimester of pregnancy did not receive folic acid
supplements (i.e., did not have the opportunity to start taking folic acid by the end of the first trimester)
were considered nonusers. Three patterns of folic acid exposure were differentiated: periconceptional, or
initiation before the last menstrual period and cessation within the first trimester; preconceptional, or
initiation and cessation before the last menstrual period; and postconceptional, or initiation after the last
menstrual period and cessation within the first trimester. Compliance was calculated as the actual number
of pills consumed divided by the expected number of pills. Women who had taken more than 80% of the
assigned pills made up the compliant subgroup, and those who had taken less than 80% of the assigned
pills made up the noncompliant subgroup.

Definition of allergic disorders

Information on allergy symptoms and asthma was obtained from Item 2 (allergy symptoms) and Item 4
(asthma) of the CBCL. The CBCL (Parent version; used for children ages 4-16 years) consists of 113 items
with a 3-point Likert scale response format. For each item that describes the child now or within the past
6 months, 0=not true, 1=somewhat or sometimes true, and 2=very true or often true. The items were filled
out by parents of children (in most cases, the children’s mothers) under the instruction of two interviewers
who were trained neurological paediatricians at local maternal and children’s hospitals [23, 25]. We defined
children as having allergy symptoms (asthma) when Item 2 (Item 4) was rated 2. Another questionnaire
collected information on the health and development of the child. Health was measured with a self-report
question about hospitalisation and reasons for hospitalisation in the past year. We also included
hospitalisation due to asthma as an outcome in the current study.

The original trial and follow-up survey were approved by the institutional review boards of Peking
University Health Science Center and the US Centers for Disease Control and Prevention. All women who
participated in the original trial and mothers of the children in the follow-up survey provided oral
informed consent.

Statistical analyses

We calculated data on rates of allergy symptoms, asthma, and hospitalisation due to asthma according to
patterns of maternal folic acid intake. We estimated odd ratios by dividing the rate of main outcomes
among women who had taken folic acid by that among women who had not taken folic acid. Power
analyses were conducted to anticipate the likelihood that the study would yield a significant effect. Logistic
regression was used to adjust for the main potential confounding variables, including maternal age at child
birth, education, occupation and parity. Because rates of childhood allergy symptoms and asthma differ
between northern and southern China, we performed further analyses stratified by region. All data were
analysed with SPSS (version 24.0; IBM, Chicago, IL, USA).

Results

Table 1 shows demographic characteristics for the 9090 mothers according to patterns of periconceptional
folic acid use. Half of the mothers had taken folic acid during the periconceptional period. Women who
had taken folic acid were, on average, 1-2 years younger than those who had not. Women who had taken
folic acid supplements were more likely to be farmers and factory workers and to have a junior high
school education or higher. There were no significant differences in the proportions of male and female
infants between the two groups.

The rate of allergy symptoms was 1.54% among children whose mothers had taken folic acid compared
with 2.04% among those whose mothers had not taken folic acid (p=0.070), and the rate of asthma was
0.92% and 0.88%, respectively. In addition, there was no difference in hospitalisation due to asthma
between the two groups (table 2). Power analyses showed that our study size had 93.6% power (0:=0.15) to
detect a decrease of 10% over the unexposed rate of 0.92% for asthma.

When the data were stratified by the timing of supplementation and compliance with supplementation,
there were no significant differences between groups (table 3). The rate of allergy symptoms was 1.19%,
2.18%, and 1.63% in groups with folic acid supplementation in the periconceptional, preconceptional and
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TABLE 1 Characteristics of subjects and maternal folic acid supplementation, China,

1993-1995
Characteristics Folic acid users Non-users p-value
Subjects 4542 4548
Age at child birth years 24.8+2.5 25.9+3.5 <0.001
Only child 4104 (90.5) 3545 (78.0) <0.001
Education
Senior high school or more 1025 (24.5) 1214 (28.6) <0.001
Junior high school 2325 (55.6) 2012 (47.4)
Primary school or less 829 (19.8) 1022 (24.1)
Occupation
Farmer 1579 (34.8) 1585 (34.9) 0.001
Factory worker 1771 (39.0) 1615 (35.5)
Other or unknown 1192 (26.2) 1348 (29.6)
Sex of infant
Male 2382 (52.4) 2390 (52.6) 0.919
Female 2160 (47.6) 2158 (47.4)

Data are presented as n, meansb or n (%), unless otherwise stated. Values for some characteristics may
not be equal to total numbers in each group because of missing values.

postconceptional periods, respectively. This rate was 1.43% in the compliant group (compliance>80%)
compared 0.88% in the noncompliant group (compliance<80%).

When age, number of children, education, and occupation were adjusted for, folic acid supplementation
was not associated with risk for allergy symptoms, asthma or hospitalisation due to asthma in the current
population, with OR (95% CI) of 0.80 (0.58-1.11), 1.04 (0.67-1.61), and 0.79 (0.35-1.77), respectively
(table 4).

TABLE 2 Rate of allergic symptoms, asthma and hospitalisation due to asthma among

offspring by maternal folic acid supplementation, China, 2000-2001

Folic acid p-value Total
Yes No
Subjects 4542 4548 9090
Allergic symptoms 70 (1.54) 93 (2.04) 0.070 163 (1.79)
Asthma 42 (0.92) 40 (0.88) 0.820 82 (0.90)
Hospitalisation due to asthma 11 (0.24) 16 (0.35) 0.337 27 (0.30)

Data are presented as n or n (%), unless otherwise stated.

TABLE 3 Compliance of maternal folic acid supplementation and risk for allergic symptoms, asthma and hospitalisation due to

asthma in offspring, 2000-2001 n (%)

Folic acid Compliance®
Periconception Preconception Postconception p Not compliant Compliant p
Value (340) (3354) Value
Subjects 2360 229 1101 340 3354
Allergic symptoms 28 (1.19) 5(2.18) 18 (1.63) 0.384 3(0.88) 48 (1.43) 0.443
Asthma 15 (0.64) 1 (0.44) 10 (0.91) 0.765 4(1.18) 22 (0.66) 0.522
Hospitalisation due to 4(0.17) 2(0.87) 10 (0.91) 0.479 0 (0) 4(0.12) 0.565

asthma

Data are presented as n or n (%), unless otherwise stated. Values for some characteristics may not be equal to total numbers in each group
because of missing values. #: Compliance was calculated as actual consumed pills divided by expected pills, compliant refers to compliance
>80% and not compliant refers to compliance <80%.
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TABLE 4 Odds ratio of allergic symptoms, asthma and hospitalisation due to asthma among

offspring by maternal folic acid supplementation, China, 2000-2001

Disease Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI1)¥
Allergic symptoms 0.75 (0.55-1.03) 0.80 (0.58-1.11)
Asthma 1.05 (0.68-1.63) 1.04 (0.67-1.61)
Hospitalisation due to asthma 0.69 (0.32-1.48) 0.79 (0.35-1.77)

#. Adjusted by age, only-child, education and occupation.

Because the rate of allergy symptoms was higher in southern China (2%) than northern China (0.7%), we
repeated the analyses stratified by region. The results did not differ from the overall analyses
(Supplementary Tables).

Discussion

Although beneficial effects of folic acid for preventing NTDs are well documented [1, 2, 26], concerns
have arisen over increased risk for childhood allergic disorders due to maternal folic acid supplementation.
Our study was conducted in a population with low blood folate concentrations: red blood cell folate
concentrations were 440.0 nmol-L™" in the north and 910.4 nmol-L™" in the south in 2003 [27]. Among
the 9090 mother—child pairs, we found that a low dose of periconceptional folic acid supplementation
(400 pg FA only) every day did not increase risk for allergy symptoms or asthma in overall analyses or
when the timing of supplementation or compliance was taken into consideration.

Of the possible unintended effects of folic acid supplementation, allergic disorders and asthma are
noteworthy. Findings in mouse models have motivated more than 20 population studies on folate and
asthma [8, 28]; however, these studies have differed in terms of design, sample size, measurement of
exposure and outcome (questionnaire assessment or physical examination), timing or dosage of
supplementation, and other confounding factors, which makes the results inconclusive. A recent large,
prospective population-based cohort study showed that maternal supplementation with folic acid was
associated with a slightly increased risk for asthma in children; however, the study was conducted in a
population with high folate levels [10]. A meta-analysis of 16 cohort, seven case-control and three
cross-sectional studies revealed that maternal folic acid supplementation was not associated with the
development of asthma among offspring, whereas exposure during early pregnancy was related to
wheezing occurrence in offspring (relative risk=1.06, 95% CI 1.02-1.09) [29]. A recent meta-analysis of
reports in eight electronic databases that examined the association between prenatal folate or folic acid
exposure and risk for asthma and allergy in childhood provided no evidence of an association between
maternal folic acid supplementation (compared with no use of folic acid) in the prepregnancy period
through the first trimester and asthma in childhood (summary risk estimate: 1.01, 95% CI 0.78-1.30) [28],
in line with our results. Although there are inadequate data to exclude a weak effect of maternal folate on
asthma, such an effect should be examined within the context of very large and ongoing birth cohort
studies. Our study provides additional evidence from a large Asian cohort, which enriches the literature.

One unique characteristic of the present study is that the supplement contained a low dose of folic acid
only (400 pg per pill). First, this enabled us to exclude the possibility of effects of other vitamins or
minerals contained in the micronutrients used in most other published studies. Besides the possible effect
of folic acid supplementation in pregnant women on childhood allergic disease, studies have shown that
nutrition has both direct and indirect effects on sensitisation to allergy [30]. A meta-analysis showed that
increasing maternal vitamin D intake during pregnancy had a protective effect on wheezing and asthma in
children [31]. Although vitamin E is not consistently associated with asthma and/or allergy [32],
polyunsaturated fatty acids and prebiotics may protect against the development of allergy [33]. Secondly,
we found that a low dose of folic acid supplementation did not increase allergic disorder in offspring. In
contrast, previous studies have revealed associations mainly among women using a higher dose of folic
acid than recommended (>400 pg-day™') [14, 15] or among pregnant women taking supplemental folic
acid above the recommended dose in combination with a diet rich in folate [10].

Another characteristic of this study is that the population was not exposed to staples fortified with folic
acid or other micronutrients, as in many other published reports. In addition to the possibility that other
micronutrients in fortified staples cause allergy, a higher intake of folic acid from fortified staples may be a
concern [14]. Our study was conducted when there was no mass folic acid supplementation or food
fortification among women of child-bearing age in China, and few women consumed multiple vitamins at
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the time [34]; the only intervention was supplementation with folic acid only (400 pg folic acid per tablet).
Hence, our study provides evidence that recommended folic acid supplementation among mothers did not
increase allergy symptoms or asthma among offspring in a large population with low folate levels.

Although there was a significant difference in the rate of allergy symptoms between northern and southern
China (0.8% versus 2.8%), the overall rate in China is low compared to the global prevalence (11.7%)
among children 6-7 years old [35]. The aetiology of allergy symptoms and asthma remains largely
unknown and is generally thought to be affected by multiple factors. Food/diet, constitution, environment
and other factors contribute to the condition. Animal studies have revealed that elevated methyl donor
availability (i.e. supplementation with folic acid, vitamin B12, choline, L-methionine, zinc and betaine in
late pregnancy) increases susceptibility to allergy in progeny [36]. Studies are needed to determine whether
folic acid supplementation in pregnant women is associated with patterns of DNA methylation in their
children similar to those found in mouse pups and whether these DNA changes are also associated with
increased childhood asthma [37]. Moreover, because the doses of folic acid supplementation vary by in
different settings varies, future studies must verify whether the asthma to be correlated with high and/or
low folate levels needs to verify in the future study.

The present study has several strengths. First, it was based on a well-organised, population-based PMS that
used quality-control measures to ensure data quality [1]. Information on folic acid supplementation was
reliably recorded by local healthcare workers. The enrolled women were advised to take a pill containing
400 pg folic acid every day, starting at the time of registration with the PMS and continuing until they
completed the first trimester of pregnancy. If women consented to take folic acid, the pills were distributed
at the time of registration. At the end of each month, local health workers recorded the dates of all
menstrual periods and how many pills remained in each bottle (if women were taking pills). Secondly,
folic acid was the only intervention and the supplementation was till to first trimester; no other vitamins
or minerals were investigated. Thus, the results reflect the pure and sole effect of folic acid only. There
were no over-the-counter folic acid supplements in China at that time; all folic acid supplementation was
supplied by the community intervention project. For all the folic acid users, the supplementation lasted till
the end of first trimester, after which, no folic acid supplements would be provided. For those women who
were in the second trimester when registered, no folic acid supplement was available. Hence, there was no
one who consumed folic acid supplements during their second trimester in our study. So, we can only
observe the potential effect of folic acid supplementation in the first trimester. The dose of folic acid used
in our study was 400 ug. We were able to identify effects associated with this dose, which is a widely
recommended dose. During the intervention, no other vitamins were available, which precludes the
possibility of confounding by multiple vitamins. Thirdly, in the follow-up study, mother—child pairs were
randomly selected. Interviewers were systematically trained, which helped reduce inconsistencies in
outcome assessment.

However, a couple of limitations should also be noted. First, we did not collect information on the dietary
folate intake of the women, which could have influenced the results. However, the study population had
low folate levels, and there was no other folic acid fortification besides the current intervention. Secondly,
confounding by factors associated with folic acid use remains a possibility. We did not collect information
on factors such as maternal smoking or maternal asthma. However, the prevalence of smoking and asthma
among Chinese women is quite low, only 3.4% for smoking in 2010 [38] and 2.6% for asthma in 2015 [38,
39], and adjusting for several demographic factors did not change our results appreciably. Thirdly, the
CBCL is not a diagnostic tool for allergy or asthma; in preschool children, correct diagnosis of such
disorders remains difficult. However, the use of CBCL effectively standardises parent reports, and is likely
the most appropriate practical means in a study of this nature. Therefore, the overall results are unlikely to
be impacted by the use of CBCL because both intervention and control groups were assessed in the same
way. While related, asthma and allergy are different conditions, and distinguishing between allergic and
nonallergic asthma in 4-6 year olds can be highly complex. As results from previous studies have revealed
that folic acid supplementation is not associated with asthma but is associated with wheezing [29], the
definition and measurement of allergy and asthma in different studies vary and need to receive more
attention in further analyses. The development of a reliable and convenient screening method that can be
used in large investigations should be a subject of future study.

In conclusion, in this large follow-up study, we did not observe an increase in risk for allergy symptoms or
asthma among offspring born to women who had taken a recommended low dose of folic acid during the
periconceptional period in a population without folic acid fortification, thus providing evidence of the
safety of supplementation with low-dose folic acid for preventing NTDs. In fact, the Ministry of Health of
China initiated a nationwide folic acid supplementation programme in 2009 [40]. Women who plan to
become pregnant are eligible to obtain folic acid supplements for 6 months free of charge through the
maternal healthcare system [41, 42]. It is estimated that more than 100 million women of reproductive age
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participated in the programme from 2009 to 2018 [43], resulting in a marked increase in blood folate [44,
45] and a substantial decrease in the prevalence of NTDs in high-prevalence areas [42]. Currently no
staples are fortified with folic acid in China, but this should be an alternative strategy for maximising
prevention of NTDs, which are prevalent in northern parts of the country.
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