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Abstract

remain unclear.

Background: Several studies found an association between periconceptional folic acid supplementation and the risk
of childhood asthma. But the epidemiologic evidence is still inconsistent and the underlying biological mechanisms

Methods: We conducted a hospital-based case-control study on childhood asthma with 548 cases and 816 normal
controls in Shanghai, China. Mothers of the asthma children were asked about folic acid supplementation before and
during pregnancy. Unconditional logistic regression models were employed to control for potential confounders.

Results: Periconceptional folic acid supplementation was associated with an increased risk of childhood asthma
after adjusting for potential confounders (adjusted OR=1.28 [95% Cl 1.14-1.43]). Moreover, the adjusted OR varied
by the timing of starting folic acid supplementation: before gestation: 1.31 [95% Cl 1.01-1.70]; in the 1st month of
gestation: 1.09 [95% Cl 0.96-1.23]; and after the 1st month of gestation: 1.90 [95% Cl 1.56-2.30]. We further found
that the adjusted OR was the highest when periconceptional folic acid supplementation lasted more than 6 months
(<4months: 1.21 [95% Cl 1.07-1.37]; 4-6 months: 1.06 [95% Cl 0.88-1.27]; >6 months: 1.75 [95% Cl 1.35-2.27]).

Conclusions: Periconceptional folic acid supplementation was associated with an increased risk of childhood
asthma in offspring. Further research on this issue is warranted.

Background

Periconceptional folic acid supplementation has been rec-
ommended by the World Health Organization to prevent
neural tube defects [1]. Interestingly, folic acid provides
methyl that could induce epigenetic changes by altering
the status of methylation-sensitive, and then enhance the
expression of T-helper type 2 (Th2) cytokines during fetal
development. The latter may change the inflammatory
response and the risk of allergic airways disease in off-
spring [2, 3]. Thus, it is at least theoretically possible that
periconceptional folic acid supplementation may increase
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the risk of asthma in offspring [4]. However, the conclu-
sions in previous studies were inconsistent. For example,
several studies [5—8] reported an association between
prenatally exposed to folic acid and an increased risk of
childhood asthma while others [9-11] failed to confirm.
Therefore, we tested this hypothesis in a hospital-based
case-control study.

Methods

A detailed description of the hospital-based case-control
study protocol has been provided elsewhere [12]. Briefly,
children aged 4 to 12years were recruited in the Xinhua
Hospital, Shanghai, China, from June 2015 to January
2016. Childhood asthma was diagnosed by pediatrician
according to the Global Initiative for Asthma guide-
lines [13]. The controls were non-asthma children from
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outpatient clinics. The potential asthmatic children in
controls were excluded by using a wheezing module from
the International Study of Asthma and Allergies in Child-
hood [14]. The study was approved by the Committee of
Research Ethics at the Xinhua Hospital and conformed
to the Declaration of Helsinki. All parents signed an
informed consent.

Information was collected from parents by a face-to-
face interview, which included parental demograph-
ics, environmental exposure, periconceptional folic acid
supplementation, and the start time and duration of
folic acid supplementation. The folic acid supplementa-
tion was supplementing folic acid 400—-800 micrograms
every day by taking folic acid tablets or vitamin with it.
The start time of folic acid supplementation was between
6 months before gestation and 6 months after gestation.
The longest duration was 12months. We explored the
associations between periconceptional and gestational
exposure to folic acid and risk of childhood asthma. We
further examined the effect of start time (before gesta-
tion, during the 1st month, or>1st month of gestation)
and duration (<4, 4—6, or>6months) of maternal folic
acid supplementary on the childhood asthma in the
analysis.

We adjusted covariates in the models as follow-
ing: maternal education levels (<9, 10-12, 13-16,
or>17years), paternal education levels (<9, 10-12,
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13-16, or> 17years), family history of allergic diseases
in any of his family members (no/yes), child age, gen-
der, birthweight, gestational age, delivered by caesarean
section, newborn resuscitation (no/yes), and feeding
in the first 6 months (breast feeding, or mixed or exclu-
sive formula feeding). Those covariates were selected as
described before [12]. Missing data were assigned to a
separate category in models. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated using uncondi-
tional logistic regression models with LOGISTIC proce-
dure in SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Figure 1 illustrates the subject selection process. We
excluded cases and controls if they were not between 4 to
12years of age or had missing information on age, twins,
preterm births or low birth weight, or had no informa-
tion on maternal folic acid supplementation. Controls
with history of wheezing were also excluded, leaving a
total of 548 cases and 816 controls for final analyses.

The case group had a significantly higher proportion
of periconceptional folic acid supplementation before
and during pregnancy compared with the control group
(p<0.01) (Table 1). The cases were more likely to be boys,
younger, delivered by caesarean section, with a higher
proportion of family history of allergic diseases and
higher parental education.

Cases were
diagnosed with
asthma (n = 697)

| Age is less than 4 or more than 12,
v "] or no record of age (n=49)
Children at the age
of 4-12 (n = 648)

l—>| Multiple births (2 = 25)

Singletons at the age
of 4-12 (n = 623)

» Gestational age < 37 weeks (n = 34)
il Birthweight < 2500g (n = 10)

Full-term children
(n=1579)

No record of folic acid exposure
(n=31)

A

Cases included
(n=548)

Fig. 1 Population flow chart of the case-control study
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Table 1 Demographic, perinatal and child characteristics in the
case-control study

Control
(n=816)

Case
(n =548)

Characteristics

No. % No. %

Gender (boys)** 333 60.8 420 515
Age**
4 197 359 208 255
5-6 205 374 274 336
7-8 88 16.1 173 21.2
9-10 44 8.0 129 158
11-12 14 26 32 39
Family history of allergic diseases** 280  51.1 165 202
folic acid exposure** 436 796 553 67.8
Birth weight
2500-2999 77 14.1 113 13.8
3000-3499 264 482 401 49.1
3500-3999 160 29.2 240 294
> 4000 47 8.6 62 76
Newborn resuscitation 1 2.0 19 23
Caesarean section* 342 624 465 57.0
Feeding in the first 6 months
Breast feeding 293 535 442 54.2
Mixed or exclusive formula feeding 253 46.2 374 458
Passive smoking** 188 343 382 46.8
Maternal educational level (yrs)**
<9 37 6.8 149 183
10-12 63 11.5 143 175
13-16 351 64.1 405 49.6
>17 44 8.0 40 49
Paternal education level (yrs)**
<9 33 6.0 134 164
10-12 59 10.8 146 179
13-16 340 620 400 49.0
>17 61 1.1 59 7.2
* P<0.05
**: P<0.01

Table 2 further illustrates that periconceptional folic
acid supplementation was associated with an increased
risk of childhood asthma after adjusting for potential
confounders (adjusted OR=1.28 [95% CI 1.14-1.43]).
Moreover, the adjusted OR was the highest when the folic
acid supplementation was started after the first month of
gestation (before gestation: adjusted OR=1.31 [95% CI
1.01-1.70]; 1st month of gestation: adjusted OR=1.09
[95% CI 0.96-1.23]; >1st month of gestation: adjusted
OR=1.90 [95% CI 1.56-2.30]). We further found that
the adjusted OR was the highest when the supplemen-
tation lasted more than 6 months (<4 months: adjusted
OR=1.21 [95% CI 1.07-1.37]; 4—6months: adjusted
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OR=1.06 [95% CI 0.88-1.27]; >6months: adjusted
OR=1.75[95% CI 1.35-2.27]).

Discussions

Our study shows that folic acid supplementation dur-
ing pregnancy was associated with an increased risk of
childhood asthma in offspring. The risk was particularly
high when the supplementation was started after the first
month of gestation and lasted for more than 6 months.

Our findings were consistent with some previous stud-
ies which suggested that periconceptional folic acid
supplementation might increase the risk of childhood
asthma [5-8]. For example, Veeranki and colleagues
found that children born to women with periconcep-
tional folic acid supplementation had increased relative
odds of asthma (adjusted OR=1.2) [7]. However, this
association was not found in some cohort studies [9-11].
Folic acid acts as a methyl donor which is an important
source of methyl groups for DNA methylation [15]. Some
studies suggest that exposure to methyl donors in utero
could affect T-helper (Th) cell development and skew
it into Th2, resulting in an increased susceptibility to
asthma and allergy diseases [3, 16].

We also found that starting supplementation after the
first month of pregnancy was associated with a highest
risk of childhood asthma. Moreover, the adjusted OR is
highest when periconceptional folic acid supplementa-
tion lasted more than 6 months. Our findings are similar
to the previous finding in that starting supplementation
in late pregnancy was associated with an increased risk
of childhood asthma at 3.5 years (relative risk (RR) =1.26,
95% CI=1.08, 1.43) [5]. While the biological mechanisms
are unknown, we speculate that these associations may be
related to immune system development. T cells begin to
develop at the 12 weeks of gestation [17] while IgE recep-
tor activity rises greatly in the fetus during 16—20 weeks
of gestation [18]. IgE production is stimulated by Th12.
Our findings suggest that folate intake in very early gesta-
tion and lasting less 6 months might be safer.

Our study has some limitations. First, it drew on a hos-
pital-based sample. It may be suspected that wealthier,
better-educated families might be more likely to bring
their children with asthma symptoms to hospital. These
families may also be more likely to supplement folic acid
during pregnancy [19, 20]. Thus, even though we have
adjusted for maternal and paternal education, it is still
possible that residual confounding may have affected
our results. However, this speculation is not consistent
with our finding that supplementation starting after 1st
month of pregnancy is associated with the highest risk
because better educated women tend to take folic acid
earlier rather than later. Second, information on pericon-
ceptional folic acid supplementation was self-reported. In
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Table 2 Adjusted and unadjusted relative risks of asthma in children periconceptionally and gestationally exposed to folic acid

Exposure case control Unadjusted OR 95% Cl Adjusted OR * 95% Cl
Folic acid exposure
No 112 263 Ref. \ Ref. \
Yes 436 553 1.77 1.60-1.96 1.28 1.14-143
Starting time
No exposure 112 263 Ref. \ Ref. \
Before gestation 278 372 1.64 147-1.82 1.31 1.01-1.70
1st month of gestation 62 85 1.57 1.33-1.85 1.09 0.96-1.23
> 1st month of gestation 26 32 2.20 1.74-2.79 1.90 1.56-2.30
Duration
No exposure 112 263 Ref. \ Ref. \
<4months 28 32 1.81 1.43-2.29 1.21 1.07-137
4-6months 269 400 147 1.32-1.63 1.06 0.88-1.27
>6month 62 60 240 2.03-2.85 1.75 1.35-2.27

*: adjusted for paternal education level, family history of allergic diseases, age, gender, birthweight, gestational age, delivered by caesarean section, newborn

resuscitation, and feeding in the first 6months

our study, the prevalence of folic acid supplementation
was 73% (989/1364), which was similar to a previous sur-
vey in Shanghai (71%) [21]. In addition, 48% (650/1364)
of our subjects took folic acid supplementation for less
than 3 months. That is similar with previous reports in
Beijing, in which 53.6% of pregnant women used folic
acid supplementation during the first 3 months after
pregnancy [22]. Thus, the bias of information on folic
acid supplementation may not be a serious issue in our
study. Third, the dietary intake of folate wasn't assessed
in this study. Since all subjects were from the same dis-
trict, the mothers had the same dietary habit. Based on
the survey in east south of China, the dietary folate intake
among women of childbearing age was 205-225 micro-
grams every day [23]. Thus, the folate intake from diet
could be supposed to be similar between the two groups.
And folic acid food fortification has not been introduced
in China. Therefore, by matching the control group, the
effect of folic acid supplementation should be from sup-
plementing folic acid tablets or vitamin with it.

Conclusions

Periconceptional folic acid supplementation was associ-
ated with an increased risk of childhood asthma in off-
spring in China. Supplementation starting after the first
month of gestation, or lasting more than 6 months was
associated with the highest risk of childhood asthma in
offspring. Our findings may have important clinical and
public health implications in recommending that folate
intake before or during the first month of gestation and
for less 6 months might be safer. More research on this
important issue is warranted.
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