& frontiers | Frontiers in Pediatrics

’ @ Check for updates

OPEN ACCESS

EDITED BY
Renato Cutrera,
Bambino Gesu Children’s Hospital (IRCCS), Italy

REVIEWED BY
Evelyn Loo,

Singapore Institute for Clinical Sciences
(A*STAR), Singapore

Ruijie Huang,

Sichuan University, China

David J. A. Jenkins,

St. Michael's Hospital, Canada

*CORRESPONDENCE
Liping Sun
slpcczyydx@sina.com

SPECIALTY SECTION

This article was submitted to Pediatric
Pulmonology, a section of the journal Frontiers
in Pediatrics

RECEIVED 22 July 2022
ACCEPTED 31 October 2022
PUBLISHED 17 November 2022

CITATION

Yang F, Zhu J, Wang Z, Wang L, Tan T and Sun L
(2022) Relationship between maternal folic acid
supplementation during pregnancy and risk of
childhood asthma: Systematic review and dose-
response meta-analysis.

Front. Pediatr. 10:1000532.

doi: 10.3389/fped.2022.1000532

COPYRIGHT

© 2022 Yang, Zhu, Wang, Wang, Tan and Sun.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Pediatrics

Systematic Review
17 November 2022
10.3389/fped.2022.1000532

Relationship between maternal
folic acid supplementation
during pregnancy and risk of
childhood asthma: Systematic
review and dose-response
meta-analysis

Fushuang Yang', Jinpu Zhu', Zhongtian Wang', Lei Wang',
Tianhui Tan' and Liping Sun®*

*College of Chinese Medicine, Changchun University of Chinese Medicine, Changchun, China,
2Center of Children’s Clinic, The Affiliated Hospital to Changchun University of Chinese Medicine,
Changchun, China

Growing evidence suggests that maternal folic acid supplementation
during pregnancy may be associated with the risk of childhood asthma,
but these findings remain controversial. Therefore, the purpose of this
systematic review and meta-analysis was to assess the association between
maternal folic acid supplementation during pregnancy and the risk of
childhood asthma, and to determine the safe dose of folic acid
supplementation during pregnancy based on a dose-response analysis to
lower the risk of childhood asthma. The PubMed, Embase, Cochrane
Library, and Web of Science databases were searched for relevant studies
published before April 2022. The Newcastle-Ottawa Scale (NOS) was used to
evaluate the quality of eligible studies, and a fixed-effect model was
employed to calculate the odds ratio (OR) of asthma with 95% confidence
intervals (Cl). In addition, the generalized least-squares trend (GLST) was
used to explore a nonlinear dose-response relationship. Stata 15.0 was
used for the statistical analysis mentioned above. This systematic review
included 18 studies (13 cohort studies, 5 case-control studies) with a total of
252,770 participants, 50,248 of whom were children with asthma. The meta-
analysis showed that maternal folic acid supplementation during pregnancy
was significantly associated with the risk of childhood asthma (OR =1.07;
95% Cl=1.04-1.11). The subgroup analysis revealed a significant correlation
between the risk of childhood asthma and the folic acid supplementation in
the first Trimester (OR =1.09; 95% Cl =1.05-1.12), the third Trimester (OR =
1.15; 95% Cl=1.04-1.26) and the whole pregnancy (OR=113; 95% Cl=
1.10-1.16). At the same time, the dose-response analysis showed a nonlinear
relationship between maternal folic acid intake during pregnancy and the risk
of childhood asthma. The risk of asthma in children significantly increased
when maternal folic acid intake reached 581ug/day. This meta-analysis
showed that maternal folic acid supplementation during pregnancy increased
the risk of asthma in children. Based on the results of the dose-response
analysis, less than 580 ug folic acid per day is advised in order to effectively
prevent birth defects without increasing the risk of childhood asthma.
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Introduction

Asthma is the most prevalent chronic respiratory disease in
children and adults, affecting approximately 334 million people
worldwide. It is characterized by variable expiratory airflow
restriction and recurrent symptoms, such as wheezing,
shortness of breath, chest tightness, and cough (1, 2).
Furthermore, asthma in children may represent 20% of the
population (3). Asthma prevalence is steady or falling in
many developed countries, but rising rapidly in developing
countries where lifestyles are getting westernized (4, 5).
Despite the widespread use of inhaled corticosteroids and the
standardization of guidelines for asthma treatment, most
children’s asthma control remains suboptimal (6, 7). Although
global asthma-related mortality continues to decrease (8), the
high incidence of asthma in children leads to stunting (9),
(10), (11)
socioeconomic burdens (12). Therefore, identifying the risk

absenteeism and increasing personal and
factors for childhood asthma is important for primary
prevention and early intervention of asthma (13, 14).

Asthma is caused by a complex gene-environment
interaction. The occurrence of asthma is closely correlated with
nutritional supplementation (15). Folic acid, an essential B
vitamin, plays a key role in protein synthesis and cell division
and growth, because it acts as a single-carbon donor in the
synthesis of methionine, nucleotides, and pantothenic acid (16,
17). In addition, folic acid features in epigenetics by providing
methyl groups for DNA methylation reactions (18). As a result,
folic acid plays an irreplaceable role in people’s health,
especially in the early stages of life’s growth and development
(19). Several studies have reported that insufficient maternal
folate levels during pregnancy may cause multiple birth defects
in the fetus, such as neural tube defects (20), heart defects (21),
and craniofacial malformations (22). Therefore, the World
Health Organization recommends that all pregnant women
should supplement and fortify folic acid in their diet to prevent
birth defects (23). Some countries have even made folic acid
(24).
supplementation combined with mandatory fortification has

fortification mandatory in recent years However,
resulted in higher levels of folic acid and related metabolites in
women of childbearing age (25). Recent studies have shown
that excessive folic acid intake may harm the health of an
offspring, such as impaired embryonic brain development (26),
metabolic dysfunction (27), and allergic diseases (28).

In recent years, researchers have increasingly focused on

the association between folic acid supplementation during
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pregnancy and the risk of childhood asthma, but their findings
are inconsistent. Therefore, we conducted a comprehensive
systematic review and meta-analysis based on available
evidence to investigate (1) whether maternal folic acid
supplementation during pregnancy is associated with the risk of
childhood asthma; (2) whether there is a relationship between
the occurrence of asthma in children and the daily intake of
folic acid in mothers; (3) the relationship between folic acid
supplementation and childhood asthma development at
different stages (before conception, first trimester, second
trimester, third trimester, whole trimester, and others); and (4)
whether the
supplementation and the risk of childhood asthma varies with

association between maternal folic acid

economic development levels of different countries.

Methods

This meta-analysis was reported according to the
PRISMA 2020 (The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses 2020) guideline and MOOSE
(Meta-analysis of Observational Studies in Epidemiology)
recommendations (29, 30). PROSPERO Registration ID:

CRD42022332140.

Search strategy

The PubMed, Embase, Cochrane Library, and Web of Science
databases were retrieved for relevant studies published before April
12th, 2022. Both subject words (MeSH) and free words were
searched. The search terms included “Folic Acid” [Mesh] and
“Asthma” [Mesh]; the keywords were: “Folic Acid” OR “Vitamin
M” OR “Vitamin B9” OR “B9, Vitamin” OR “Pteroylglutamic
Acid” OR “Folvite” OR “Folacin” OR “Folate” in combination
with “Asthma” OR “Asthmas”. The search strategy is shown in
Supplementary Annex 1. In addition, the references of review
articles were searched for potentially eligible studies.

Selection criteria

This systematic review complied with the following
inclusion and exclusion criteria to select eligible studies.

Inclusion criteria: original studies on the association
between folic acid supplementation during pregnancy and the
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risk of childhood asthma; (2) cohort studies or case-control
studies; (3) studies that provided risk evaluation of the
association between childhood asthma and maternal daily
folic acid intake or serum folate concentrations in women
during their pregnancy; (4) studies published in English.

Studies with the following characteristics were excluded: (1)
the sample size was too small (sample size <50); (2) there was no
direct or indirect access to the odds ratio (OR) or relative risk
(RR); (3) there were serious defects in the research data, and
the literature was published in gray journals.

Literature screening and data
extraction

The retrieved studies were imported into EndNote X9. After
removing duplicates, irrelevant studies were also deleted based on
the titles and abstracts. Then the full texts of the remaining
articles were downloaded and read to determine whether they
could be finally included. The following data were extracted from
all included studies: first author, date of publication, country and
region, study design, source of participants, time of sampling,
sample size, age, the period of folic acid supplementation, folic
acid intake, statistical analysis, covariate adjustment, outcome
measures, and other relevant characteristics. If several included
studies reported ORs adjusted for different covariates, the ORs
with the most adjusted covariates were extracted.

Literature screening and data extraction were independently
carried out by two researchers (Y. F. S. and W. Z. T.) and cross-
checked after completion. If there were any dissent, a third
(S. L. P) the
determination. If there was a lack of data, the researchers

researcher was consulted to assist in
tried to contact the author to obtain it. If the information was
inadequate, the researchers contacted the corresponding

authors for more detailed data or other relevant information.

Quality assessment

The Newcastle-Ottawa Scale (NOS) (31) was used to evaluate
the quality of the included studies. The NOS scale comprises
three domains with a total of eight items: four items for study
subject selection, one for comparability between groups, and
three for outcome measures. The total score ranges from 0 to 9
points. A score of 0-3, 4-6, and 7-9 is considered low quality,
medium quality, and high quality, respectively.

Statistical analysis

The meta-analysis was performed using Stata 15.0
(StataCorp, College Station, TX, United States), and the effect
size was evaluated by OR with 95% confidence intervals (CI).
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The heterogeneity among the included studies was calculated
by the Q test, and the heterogeneity index I was used to
quantify the size of the heterogeneity. If I*<50%, a fixed-
effects model was used for meta-analysis; if I°>50%, a
random-effects model was employed. Subgroup analyses and
sensitivity analyses were conducted to explore potential
sources of heterogeneity. A dose-response meta-analysis was
also performed to explore the association between folic acid
intake and the risk of childhood asthma. Restricted cubic
spline models at four knots (10th, 35th, 65th, and 95th
centiles) were established using the generalized least-squares
trend (GLST). Furthermore, the cubic splines were used to
model the nonlinear association between the daily dose of
childhood
Accordingly, a dose-response nonlinear curve was plotted. A

folic acid supplementation and asthma.
funnel plot was used to evaluate the publication bias, and
Egger’s and Begg's tests were also used to diagnose the
A p<0.05

publication bias. Under this circumstance, the impact of

publication bias. indicates the existence of
publication bias on the meta-analysis was evaluated using the
trim-and-fill method. In this study, a p<0.05 indicated that
the difference was statistically significant.

Results
Literature search

Initially, 999 studies were retrieved from PubMed (n=111),
Embase (n=537), Cochrane Library (n=87) and Web of
Science (n=264). After the duplicates and irrelevant studies
were removed based on the titles and abstracts, the full texts
of the remaining 28 articles were downloaded and read to
exclude ineligible studies according to the inclusion and
exclusion criteria. Finally, 18 studies were included in this
meta-analysis. The literature selection process is presented in
Figure 1.

Characteristics of the included studies
and quality evaluation

Table 1 shows the characteristics of the included studies.
A total of 18 (32-49) studies were eligible for our meta-analysis,
including 13 cohort studies and five case-control studies. These
studies were published between 2006 and 2022, involving 252,770
participants, including 50,248 children with asthma. Seven
studies were conducted in Europe (37, 39, 42, 43, 45, 46, 48), five
in North America (35, 36, 38, 40, 49), four in Asia (32-34, 44)
and two in Australia (41, 47). The included studies adjusted for
potential confounders, such as maternal age, race, parity,
education level, smoking history, asthma history, infant sex, birth
weight, mode of delivery, and feeding method. The NOS
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FIGURE 1
Flow diagram of literature selection

evaluation results are shown in Table 1. Overall, the scores for study
quality ranged from 5 to 8. Twelve original studies (32, 33, 36-38,
40-42, 44-46, 49) were assessed as high quality, and six (34, 35,
39, 43, 47, 48) assessed as medium quality.

Relationship between folic acid
supplementation during pregnancy and
the risk of childhood asthma

Of the 18 included studies, 13 studies (3235, 37, 39, 41-46, 49)

reported an association between maternal folic acid

Frontiers in Pediatrics

supplementation during pregnancy and the risk of asthma in
children. A fixed-effect model (I> =21.8%) was used to pool effect
sizes. The OR of maternal folic acid supplementation was 1.07
(95% CI=1.04-1.11; P=0.128), indicating that maternal folic acid
supplementation during pregnancy was significantly associated
with the risk of childhood asthma. Sensitivity analyses showed that
deleting any single study had no significant effect on the overall OR.

Eight studies (32, 36, 38, 40, 43, 45,47, 48) found a link between
maternal folic acid supplementation at different times and the risk
of childhood asthma. A subgroup analysis was performed based on
the folic acid supplementation at different stages of pregnancy. The
subgroup analysis found a significant association between the risk
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Study %
ID OR (95% CI) Weight
Before conception 1
Chu S (2022) —:—0— 1.31 (1.01, 1.70) 0.47
Martinussen MP (2012) " 0.95 (0.68, 1.32) 0.29
Subtotal (l-squared = 55.2%, p = 0.135)  —— 1.16 (0.94, 1.42) 0.76
1
First trimester :
Chu S (2022) - 1.09 (0.96, 1.23) 2.08
Veeranki SP (2015) bt 1.20 (1.10, 1.30) 4.58
Martinussen MP (2012) g : 0.89 (0.67, 1.19) 0.38
Martinussen MP (2012) T g 1.31(0.89, 1.93) 0.21
Martinussen MP (2012) T 0.94 (0.62, 1.43) 0.18
Martinussen MP (2012) : + 1.23 (0.73, 2.07) 0.12
Magdelijns FJ (2011) T * > 1.27 (0.67, 2.41) 0.08
Haberg SE (2009) - 1.07 (1.03, 1.12) 18.22
Kiefte-de Jong JC (2012) —l— 1.02 (0.90, 1.16) 199
Subtotal (I-squared = 24.1%, p = 0.229) <> 1.09 (1.05, 1.12) 27.85
1
Other :
Chu S (2022) | —— 1.90 (1.56, 2.31) 0.85
Magdelijns FJ (2011) & 1.15 (0.57, 2.32) 0.06
Haberg SE (2009) - 1.01 (0.96, 1.07) 10.87
Whitrow MJ (2009) —0——: 0.92 (0.79, 1.08) 1.31
Whitrow MJ (2009) —_— 0.92 (0.79, 1.08) 1.31
Subtotal (I-squared = 90.7%, p = 0.000) 'OI 1.03 (0.98, 1.08) 14.39
Second trimester :
Veeranki SP (2015) el 1.00 (0.95,1.05)  14.08
Roy A (2018) —0-—{- 0.97 (0.84, 1.12) 1.55
Subtotal (I-squared = 0.0%, p = 0.694) <>, 1.00 (0.95, 1.04) 15.62
1
Whole pregnancy :
Veeranki SP (2015) . 1.20 (1.15, 1.25) 19.96
Magdelijns FJ (2011) & 1.06 (0.51,2.19)  0.06
Haberg SE (2009) -CI- 1.07 (1.02, 1.12) 14.62
Kiefte-de Jong JC (2012) — 0.99 (0.89, 1.10) a1
Subtotal (I-squared = 85.3%, p = 0.000) 1O 1.13 (1.10, 1.16) 37.75
1
Third trimester :
Whitrow MJ (2009) |—— 1.26 (1.10, 1.45) 1.62
Whitrow MJ (2009) —_—— 1.16 (0.94, 1.43) 0.73
Roy A (2018) —b:— 1.01 (0.86, 1.18) 1.28
Subtotal (I-squared = 52.6%, p = 0.121) Lo 1.15(1.04,1.26)  3.63
I
Heterogeneity between groups: p = 0.000 !
Overall (I-squared = 77.6%, p = 0.000) é 1.08 (1.06, 1.10) 100.00
:
| |
415 1 2.41
FIGURE 2
Subgroup analysis based on folic acid supplementation in different periods of pregnancy.

countries. The dose-response analysis showed a nonlinear
relationship between maternal folic acid intake during
pregnancy and the risk of childhood asthma. The maternal
folic acid intake of less than 581 ug per day is not correlated
with the risk of childhood asthma. However, the risk of
childhood asthma significantly increases when the intake
reaches 581 pg or more per day.

Litonjua AA. et al. (49) were the first to study the
association between maternal folic acid supplementation
childhood asthma. then,

during pregnancy and Since

Frontiers in Pediatrics
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researchers have been increasingly interested in this topic, but
their findings are inconsistent and conflicting. This association
was summarized in four previous meta-analyses. Krista et al.
(50) conducted a meta-analysis of 5 studies, which showed
that folic acid supplementation had no association with an
increased risk of childhood asthma between preconception
and the first trimester (RR=1.01, 95% CI=0.78-1.30); in
addition, a meta-analysis of 5 studies by Yang L et al. (51)
reported the same results (OR=1.06, 95% CI=0.99-1.14).
However, a meta-analysis by Wang T et al. (52) suggested
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that maternal folic acid supplementation in early pregnancy
may increase the risk of asthma in young children (RR = 1.06,
95% CI=1.02-1.09); Li W et al. (53) also reported that
maternal folic acid exposure during pregnancy was
significantly associated with infant asthma risk (RR=1.11;
95% CI=1.06-1.17). the last

published, six more related studies with inconsistent results

Since meta-analysis  was
have emerged, allowing for more robust estimation and
quantification. Given the controversy over the association
between maternal folic acid supplementation during
pregnancy and the risk of childhood asthma, we included new
and updated studies for further meta-analysis to thoroughly
investigate this relationship and clarify the dose-response
association between maternal folic acid intake and childhood
asthma.

The relationship between folic acid supplementation during
pregnancy and childhood asthma is under exploration. Current
evidence suggests that DNA methylation plays a key role in this
process (54). DNA methylation is catalyzed by the enzymes that
transfer methyl groups (methyl-transferases) from the methyl
agent S-adenosylmethionine to cytosine. It is an epigenetic
modification that is essential for normal genome regulation
and development (55). Folate is a key source of the one-
carbon group used to methylate DNA. Hollingsworth JW
et al. (56) found that high-methyl donor diets may increase
the risk of allergic airway disease in children through DNA
methylation and transcription of abnormal genes. Studies also
found that Runx3 mRNA (Runt-related transcription factor 3,
a gene known to negatively regulate allergic airway disease)
and protein levels were suppressed in offspring exposed to a
hypermethylated (overmethylated) diet in utero. Iscan B et al.
(57) found that maternal folic acid supplementation during
pregnancy affected offspring’s airway remodeling and
increased allergic reactions caused by offspring’s ovalbumin
excitation; additionally, the intensity of the response increased
with the duration of supplementation and the accumulative
dose. Despite an increasing number of related studies, we
recognize that the mechanisms of folic acid inducing asthma
in children remain unknown.

WHO and most countries recommend that pregnant
women should maintain a healthy diet and take folic acid
supplementation of 400 micrograms/day to prevent birth
defects (58). According to this dose-response analysis, the risk
of asthma in children significantly increased when the maternal
folate intake reached 581 ug/day. A study with similar results
suggested that maternal folic acid supplementation at a high
dose during pregnancy was associated with an increased risk of
asthma in infants, while a relatively low dose reduced the risk of
asthma in infants (51). This reveals that although folic acid can
effectively prevent birth defects, the adverse effects of high-dose
supplementation on the health of children cannot be ignored.
Therefore, how to safely supplement folic acid during

pregnancy needs to be explored and verified by relevant
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research. In the subgroup analysis, we found that folic acid
supplementation was significantly associated with the risk of
asthma in children in the first trimester, the third trimester, and
the whole pregnancy. Recommendations vary from country to
country, but most advise folic acid supplementation from the
first trimester (4 to 12 weeks) to the end of the second trimester
(8 to 12 weeks) (58). Given that the neural tube closes around
the 28th day of the embryo, the critical period for folic acid
supplementation is in the first and second trimesters (59). The
need for folic acid supplementation at other stages of pregnancy
and its impact on the risk of childhood asthma requires further
studies to confirm.

There are several advantages to our study. First, our analysis
included 18 relevant studies, including those published in 2022.
It is more statistically convincing than previous studies due to
newer and larger sample sizes. Second, a subgroup analysis was
conducted according to the different folic acid supplementation
periods to explore the effect of folic acid supplementation at
different periods on the risk of childhood asthma. Third, we
made full use of the dose data of the included studies to
conduct a dose-response analysis, which quantitatively revealed
the relationship between folic acid intake during pregnancy and
the risk of childhood asthma based on a qualitative summary. A
dose-response curve was drawn, which may help develop
strategies for safe folic acid supplementation during pregnancy.
Finally, there is no publication bias in our analysis. However,
some limitations of the present study should also be taken into
account. First, all included studies adjusted for multiple
confounding factors, but these factors were inconsistent and the
effects of other confounding factors could not be excluded.
Second, it is difficult to accurately calculate the dose of folic
acid that pregnant women consume from both natural food and
synthetics (vitamin supplements or prenatal fortification
supplements). Third, the age of study participants varied widely
from less than one year old to twelve years old, which might
lead to a bias in the study results. Finally, only three studies
were included in the dose-response analysis; therefore further
dose-response studies are required for further validation.

Conclusion

Maternal folic acid supplementation during pregnancy
increases the risk of childhood asthma. At the same time, dose-
response analysis testified a nonlinear relationship between folic
acid intake during pregnancy and the risk of childhood asthma.
When the maternal folate intake is >581 pg/day, the risk of
asthma in children significantly increases. Although folic acid
supplementation during pregnancy can prevent birth defects, its
adverse effects on the health of offspring cannot be ignored.
Therefore, we recommend that the daily dose of folic acid
supplementation for pregnant women should be less than
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580 ng, which can effectively prevent birth defects without
increasing the risk of asthma in children.
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