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Abstract: It is unclear whether periconceptional folic acid (FA) supplementation decreases the
risk of spontaneous abortion (SA). The impact of supplementation initiation timing has not been
ascertained. This cohort study aimed to investigate the association between maternal periconceptional
FA supplementation and risk of SA, with due consideration of the supplementation initiation timing.
Through the National Free Pre-conception Health Examination Project (NFPHEP), we identified 65,643
pregnancies on FA supplementation in Chongqing, China between 2010 and 2015. After adjusting for
covariates, maternal periconceptional FA supplementation was associated with a lower risk of SA
(adjusted risk ratio [aRR]: 0.52; 95% confidence interval [CI]: 0.48–0.56). Pregnant women with FA
supplementation initiated at least 3 months before conception had a 10% lower risk of SA (aRR: 0.46;
95% CI: 0.42–0.50) than those with FA supplementation initiated 1–2 months before conception (aRR:
0.56; 95% CI: 0.50–0.62) or after conception (aRR: 0.56; 95% CI: 0.51–0.61). These associations might
not thoroughly account for FA supplementation, and to some extent our findings confirm the role of
the utilization of healthcare in preventing SAs. Women who initiated healthcare, including taking FA
earlier during the periconceptional period, could have a lower risk of SA.
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1. Introduction

Spontaneous abortion (SA), or miscarriage, is defined in China as fetal loss before 28 gestational
weeks [1–3]. SA occurs in at least 15% pregnancies and is strongly associated with infertility as the
severity of reproductive failure is a common cause and risk factor for SA [2–4]. Furthermore, women
who experience SA have a higher risk of developing psychiatric conditions, such as depression or
anxiety, in the first year after SA [5].

Nearly 50% of SAs result from chromosomal aneuploidy [6]. Accordingly, periconceptional
supplementation with folic acid (FA), a synthetic form of folate that is essential for one-carbon
metabolism and DNA synthesis, repair, and methylation [7], may reduce the risk of SA. Maternal
FA supplementation before or during pregnancy has been established to be beneficial for the
prevention of neural tube defects (NTDs) and other birth defects [8–10] that confer a risk of fetal
chromosomal abnormalities [11]. However, there is no consensus regarding the association between
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FA supplementation and SA [11–15]. Moreover, the benefit of FA supplementation in reducing the risk
of SA may depend on the time at which supplementation is initiated. A previous study reported that
women who started supplementation prior to conception were more likely to achieve optimal folate
levels necessary to prevent NTDs than women who started supplementation after conception [16].
Furthermore, pre-conception FA supplementation has been reported to be associated with a lower
risk of preterm delivery than supplementation initiated after conception [17]. However, there is
a lack of evidence on the association between the timing of FA supplementation initiation and its
effect on the prevention of SA. Thus, this cohort study aimed to investigate the association between
maternal periconceptional FA supplementation and SA risk and examined whether the timing of
supplementation initiation affected the SA risk.

2. Materials and Methods

2.1. Study Population

Participants originally comprised pregnant women on FA supplementation in Chongqing, China
between 2010 and 2016, who were identified through the National Free Pre-conception Health
Examination Project (NFPHEP). In total, 96,722 women with 97,154 pregnancies were identified.
Among these pregnancies, we excluded 230 pregnancies in which the women did not adhere to
guidance on FA supplementation, 186 ectopic pregnancies, 29,299 pregnancies that were lost to
follow-up, and 1796 pregnancies recruited in 2016 due to the high rate lost to follow-up (>80%) in 2016
(Supplementary Table S1). Thus, 65,497 women with 65,643 pregnancies were included in the final
analyses between 2010–2015 (Supplementary Figure S1).

2.2. National Free Pre-Conception Health Examination Project

The NFPHEP was launched to provide free pre-conception health examinations and counseling
services to couples who planned to conceive [18]. All women participating in the NFPHEP were
interviewed in person by local trained physicians using a structured questionnaire. Demographic
characteristics and history of pregnancies were assessed. The height and weight were measured
by the physicians using calibrated instruments. After the interview and physical examination,
the participants were followed-up through telephone calls every 3 months to check for the status of
their conception/pregnancy.

Once pregnancy was confirmed, the last menstrual period, FA supplementation status, and tobacco
and alcohol consumption before or during early pregnancy of the participant and spouse were
documented. In the following interviews, the pregnancy outcomes were reported by the participants or
retrieved from the medical records in the hospitals where they delivered. All the information collected
at recruitment or during follow-up was filed in the NFPHEP records.

2.3. Exposure, Outcomes, and Covariates

Information on exposure, outcomes, and covariates was extracted from the NFPHEP records.
The exposure variable was maternal periconceptional FA supplementation, which was determined
after confirmation of conception. We obtained information regarding whether the women took FA
supplements during the periconceptional period, when they began to take the supplements, and how
regularly they took the supplements. The regular supplementation was hypothesized that women were
compliant to the recommendation, although the information on participants’ daily dose of folic acid in
supplements was unavailable in the NFPHEP records. Women planning to conceive are advised to
consume 0.4 mg folic acid tablets daily in the periconceptional period (from 3 months before conception
until 12 weeks thereafter) in China [19]. The pregnant women who adopted FA supplementation
during the periconceptional period were categorized as the FA group, and those who did not use FA
supplements as the no-FA group. The FA group was further divided into three subgroups based on the
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initiation of supplementation: Starting 3 months prior to conception, 1–2 months prior to conception,
or after conception.

The outcome measure was SA, which was defined according to clinical classification of obstetrics
and gynecology in China as the loss of pregnancy before 28 complete gestational weeks [20]. The non-SA
outcomes included induced abortions, stillbirth, and liveborn deliveries. Stillbirth was the death or
loss of a baby before or during delivery after 20 weeks of pregnancy [20]. The SAs and stillbirths in our
study were reported by the women and confirmed by the local obstetricians and gynecologists.

The covariates were maternal age at recruitment (20–24, 25–29, 30–34, and ≥35 years), ethnicity
(Han and others), education (primary school or below, junior high school, senior high school,
college/university graduate or above), employment (farmer, worker/waiter, merchant, housewife,
teacher/civil servant/staff, and others), household registration (urban and rural), calendar year,
and recruitment area (urban core area, new urban district, northeast ecological conservation area,
and southeast ecological protection area of Chongqing). Additional covariates included maternal
passive smoking before pregnancy; husbands’ smoking habits during early pregnancies; maternal
pre-pregnancy body mass index ((BMI); <18.5, 18.5–23.9, 24–27.9, and≥28 kg/m2); history of complicated
pregnancies (preterm delivery, stillbirth, and spontaneous/induced abortion); birth defect or history of
a birth defect in a previous delivery; and chronic diseases, including thyroid disorders, hypertension,
diabetes, epilepsy, and mental illness before pregnancy. Pregnant women with missing information for
one of the co-variates were classified into one group.

2.4. Statistical Analysis

All statistical analyses were conducted in Stata 15.0 (Stata Corp, College Station, TX, USA).
Binomial regression was used to estimate the risk ratio (RR) and 95% confidence interval (CI) for
SA using the no-FA group as the reference group. Moreover, the RRs for the three subgroups of
supplementation initiation timing were also estimated using the no-FA group as the reference group.
The differences between subgroups were examined using a Wald chi-square test.

Both crude and adjusted RRs of SA were calculated. The adjusted analyses controlled for maternal
age, ethnicity, education, employment, household registration, calendar year, and area of recruitment
at first. The results were further controlled for factors including maternal BMI, passive smoking
before the pregnancy, parity, previous complicated pregnancies, chronic diseases, birth defects or a
history of a birth defect in a previous delivery, and husbands’ smoking habits during early pregnancy.
We estimated the risk of SA according to the maternal characteristics and with respect to how regularly
the women took the supplements (compliance with FA supplementation). To account for the correlation
of pregnancies from the same women when estimating standard errors, we used the cluster option
in Stata.

In the sensitivity analyses, we investigated the influence of the following factors on the association
between FA supplementation and SA: (1) Maternal infection including reproductive tract infection
(RTI), cytomegalovirus (CMV), and toxoplasma (TOX) infection before pregnancy; (2) the present
pregnancies ending with induced abortion/stillbirth; (3) missing information on covariates in the study
group and subgroups of FA supplementation; and (4) loss to follow-up. Furthermore, to assess the
robustness of the reported results to residual confounding, we calculated the E-values. The calculation
of the E-values is a type of sensitivity analysis used to estimate the potential impact of an unmeasured
confounding factor on the RR estimates. The E-value is defined as the minimum strength of association
on the RR scale that an unmeasured confounder would need to have with both the exposure (FA
supplementation) and the outcome (SA) to fully explain a specific exposure–outcome association [21].

2.5. Ethics Approval and Consent to Participate

This cohort study was a part of the project funded by the Chongqing Science and Technology
Bureau (grant number cstc2017shmsA130102) and approved by the institutional review board of
Chongqing Population and Family Planning Science and Technology Research Institute in April
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2017. The NFPHEP was approved by the institutional review board of the Chinese Association of
Maternal and Child Health Studies. Written informed consent was obtained from all participants
before the survey.

3. Results

3.1. Maternal Characteristics

In this cohort, the participants were mostly recruited 2 months before pregnancy onset and
were generally followed up 3 months after conceiving for the first time. In total, 50,404 (76.79%)
pregnant women had periconceptional FA supplementation, while 15,239 (23.21%) pregnant women
had no supplementation. In the FA group, 42.02% started supplementation at least 3 months prior
to conception, 23.47% started 1–2 months prior to conception, and 34.51% started after conception.
The characteristics of these women are summarized in Supplementary Table S2. The median maternal
age was 25 years (interquartile range: 22–27 years). Pregnant women who were older urban residents
and had a higher educational level were more likely to start FA supplementation earlier. Pregnant
women who were passive smokers, previously had complicated pregnancies, chronic diseases, and/or
birth defects or history of a birth defect in a previous delivery were also more likely to start FA
supplementation earlier. However, pregnant women whose husbands smoked during early pregnancy
were less likely to receive FA supplementation. Pregnant women who started FA supplementation
earlier tended to present with more regular FA supplementation.

3.2. The Association between Maternal FA Supplementation during Periconceptional Period and the Risk of SA

Among the pregnancies included in the final analysis, 3513 (5.35%) ended with SA. The proportion
of SA was 3.78%, 4.57%, 4.70%, and 8.89% for the 3 months prior to conception, 1–2 months prior
to conception, after conception FA groups and the no-FA group, respectively (Table 1). Compared
to pregnant women in the no-FA group, women in the FA group had a lower risk of SA (crude
risk ratio (cRR): 0.48; 95% CI: 0.45–0.51) and the association did not markedly change (adjusted
risk ratio (aRR): 0.52; 95% CI: 0.48–0.56) after adjustment for covariates (Table 2). In the analyses
stratified by maternal characteristics, the associations also did not markedly change, although the
corresponding aRRs between the subgroups were different according to maternal education, passive
smoking, pre-pregnancy BMI, and recruitment year (Figure 1).

Table 1. Pregnancy outcomes according to maternal periconceptional folic acid (FA) supplementation.

Pregnancy
Outcomes

Starting at Least 3
Months before

Pregnancy (N = 21,184),
No. (%)

Starting 1–2 Months
before Pregnancy

(N = 11,828), No. (%)

Starting after
Conception
(N = 17,392),

No. (%)

No FA
Supplementation

(N = 15,239),
No. (%)

Total (N = 65,643),
No. (%)

Live birth 19,988 (94.35) 11,046 (93.39) 16,122 (92.70) 12,806 (84.03) 59,962 (91.35)

Spontaneous
abortion 800 (3.78) 541 (4.57) 818 (4.70) 1354 (8.89) 3513 (5.35)

Induced
abortion/Stillbirth 396 (1.87) 241 (2.04) 452 (2.60) 1079 (7.08) 2168 (3.30)
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Table 2. Risk ratios and 95 CIs for spontaneous abortion (SA) according to maternal periconceptional
folic acid (FA) supplementation.

Maternal
Periconceptional FA

Supplementation

No. of
Pregnancies SAs, No. (%) cRR [95% CI] aRR [95% CI] a

No supplementation 15,239 1354 (8.89) 1.00 1.00
Having supplementation 50,404 2159 (4.28) 0.48 [0.45–0.51] 0.52 [0.48–0.56]

Starting at least 3 months
prior to conception 21,184 800 (3.78) 0.43 [0.39–0.46] 0.46 [0.42–0.50]

Starting 1–2 months
prior to conception 11,828 541 (4.57) 0.51 [0.47–0.57] 0.56 [0.50–0.62]

Starting after conception 17,392 818 (4.70) 0.53 [0.49–0.58] 0.56 [0.51–0.61]
a aRR adjusted for maternal age, ethnicity, education, employment, household registration, year and area of
recruitment, BMI, passive smoking before pregnancy, parity, history of complicated pregnancies, chronic diseases,
birth defects or history of a birth defect in a previous delivery, and husbands’ smoking in early pregnancy. The aRR
for FA supplementation initiated at least 3 months prior to conception was significantly lower than that for FA
supplementation initiated 1–2 months prior to conception (χ2 = 12.56, p = 0.0004) or after conception (χ2 = 14.61,
p = 0.0001). cRR, crude risk ratio; aRR, adjusted risk ratio; CI, confidence interval.
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Figure 1. Stratification analyses on the association between folic acid (FA) supplementation and the
risk of spontaneous abortion according to maternal characteristics. All risk ratios adjusted for maternal
characteristics other than the stratified characteristic. FASN and FAScase: Pregnancy and spontaneous
abortion (SA) number, respectively, in the FA group. NFASN and NFAScase: Pregnancy and SA
number, respectively, in the no-FA group.
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Further analysis on the association between FA supplementation and the risk of SA according to the
initiation time of FA supplementation showed that pregnant women who started the supplementation
at least 3 months prior to conception had a 10% lower risk (aRR: 0.46; 95% CI: 0.42–0.50) than either
starting 1–2 months prior to conception (aRR: 0.56; 95% CI: 0.50–0.62; χ2 = 12.56) or after conception
(aRR: 0.56; 95% CI: 0.51–0.61; χ2 = 14.61) (Table 2). In the subgroup analysis based on compliance to
FA supplementation, pregnant women who started FA supplementation at least 3 months prior to
conception continued to have a lower risk for SA regardless of how regularly they took supplementation
(regular: aRR = 0.46; 95% CI: 0.42–0.51; irregular: aRR = 0.37; 95% CI: 0.25–0.56; Figure 2).
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Figure 2. Subgroup analysis on the association between maternal periconceptional folic acid (FA)
supplementation and the risk of spontaneous abortion (SA) according to compliance to supplementation
and the initiation timing of supplementation. a The RRs were adjusted for maternal age, ethnicity,
education, employment, household, registration, year and area of recruitment, BMI, passive smoking
before pregnancy, parity, history of complicated pregnancies, chronic diseases, birth defects or history
of a birth defect in a previous delivery, and husbands’ smoking in early pregnancy. b The aRR for FAS
initiated 3 months or more prior to conception and risk of SA was significantly lower than that for
FAS initiated 1–2 months prior to conception (χ2 = 11.29, p = 0.0011) or after conception (χ2 = 10.59,
p = 0.0011). c The aRR for FAS initiated 3 months or more prior to conception was significantly lower
than initiated after conception (χ2 = 5.53, p = 0.0187). aRR, adjusted risk ratio; CI, confidence interval.

3.3. Sensitivity Analysis

Furthermore, the associations did not significantly change even after adjusting for maternal
RTI, CMV, or TOX infection before pregnancy, excluding pregnancies that ended with induced
abortion/stillbirth, or excluding pregnant women without information for any covariates
(Supplementary Table S3). The sensitivity analyses evaluated the robustness of the associations
that we observed to unmeasured confounding. The observed RRs of 0.46, 0.56, and 0.56 for the outcome
of SA in relation to FA supplementation initiated at least 3 months prior to conception, 1–2 months prior
to conception, and after conception, respectively (Table 2), estimated that an unmeasured confounder
was associated with both FA supplementation and SA by RRs of at least 3.77, 2.97, and 2.97 for FA
supplementation initiated at least 3 months prior to conception, 1–2 months prior to conception,
and after conception, respectively (Figure 3), beyond the measured confounders, but not by the weaker
confounding factor. The corresponding CIs may be moved to include the null by an unmeasured
confounder associated with both exposure (FA supplementation initiated at least 3 months prior to
conception, 1–2 months prior to conception, and after conception) and outcome (SA) by RRs of at least
3.41, 2.61, and 2.66, respectively (Figure 3).
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abortion (the outcome) to fully explain their observed RR according to initiation time of the
supplementation: (a) Initiated 3 or more months prior to conception and the observed RR of 0.46
(95% CI: 0.42–0.50); (b) initiated 1–2 months prior to conception and the observed RR of 0.56 (95% CI:
0.50–0.62); (c) initiated after conception and the observed RR of 0.56 (95% CI: 0.51–0.61). FA, folic acid;
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4. Discussion

The association of FA supplementation during the periconceptional period with the risk of SA
remains unclear. In this population-based cohort study of 65,643 pregnancies among women who
planned to conceive in Chongqing, China, 5.35% of the pregnancies ended in SA. FA supplementation
before or during pregnancy decreased the risk of SA by 49%, and the decrease in risk was greater when
supplementation started at least 3 months prior to conception. The association remained in the subgroup
analysis pertaining to the participant’s compliance to supplementation and maternal characteristics.

Several studies have investigated the association between periconceptional FA supplementation
and the risk of SA, but the results have been inconclusive. The MRC Vitamin Study, an earlier
multi-center randomized controlled trial designed primarily for reducing the recurrence of NTDs
across European countries, Canada, and Australia [22], observed a minor increase in risk for SA
in pregnancies with FA supplementation during the periconceptional period. In the same period,
FA supplementation from another randomized trial conducted in Hungary for the reduction of the first
occurrence of NTDs was associated with a 16% increase in the risk of SA [12]. However, later studies
in China as well as in an orofacial cleft prevention trial from Brazil found no such association between
FA supplementation and SA [13,14]. This observational study found a lower risk for SA among the
pregnant women with FA supplementation before or during pregnancy. This finding was consistent
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with that reported by He et al. (2016) [15], who reported that FA supplementation before or during
pregnancy reduced the risk for SA by almost 40%.

The varied findings mentioned above might result from different study designs or difference
in populations. Most previous studies investigated the usefulness of FA supplementation for the
prevention of birth defects [12–14,22]. The presence or absence of an NTD was usually confirmed after
20 weeks of gestation period, but the age of gestation of pregnancy loss to define SA varied between
the studies, ranging from 20 to 24 complete gestational weeks [3,23]. In China, SA is clinically defined
as pregnancy loss before 28 complete gestational weeks. The incidence of SA might be lower in China
(4.36% between 1988 and 1997) [24] while Chongqing in southwest of China might have a higher
incidence than the whole country (5.35% VS. 2.53% based on NFPHEP) [25]. In addition, pregnancies
identified in the present study were from the general population of pregnant women who planned to
conceive rather than the high-risk or primiparous population.

The initiation time of FA supplementation has been theorized to impact the association between
FA supplementation and SA. Internationally, many governments recommend women take ≥0.4 mg of
folic acid daily starting at least 4 weeks before pregnancy, according to the guideline by World Health
Organization (2007). Meanwhile, more than 80 counties adopt a mandatory FA fortification policy.
Differently, despite no food fortification in China, a national recommendation has been released since
2009 that women who plan a pregnancy are advised to take 0.4 mg FA tablets daily from 3 months before
conception until 12 weeks thereafter. In this study, we found that the benefit of FA supplementation for
reducing the risk of SA was more profound in pregnant women who started the supplementation at
least 3 months before conception. Further, regular FA supplementation was more common among the
women who started 3 months or more prior to conception than in those who started 1–2 months before
and those who started after conception. These findings indicate better compliance and a more optimal
folate concentration against chromosome abnormalities and birth defects in the women who started
FA supplementation earlier [26,27]. Likewise, women who took FA earlier prepared for pregnancy
earlier and thus may be in a healthier condition [28].

Our findings might not be completely attributed to the effects of FA supplementation because the
supplementation has been associated with an array of maternal and paternal factors and may be a proxy
for all these factors. Other determinants of SA such as maternal and paternal age, educational level,
fertility treatment, experiencing a complicated pregnancy, unplanned pregnancy, alcohol consumption,
and smoking have also well predicted the use of FA supplementation in periconceptional period [29–32].
Maternal smoking and BMI may also modify the association between FA supplementation and SA [3].
Recently, one systematic review showed that second-hand smoking exposure during pregnancy
is generally associated with lower folate/vitamin B12 levels [33]. The protective effect from FA
supplementation on SA may therefore be decreased by smoking exposure or obesity [34]. However,
the lower risk of SA in the FA group still remained after adjusting for or stratifying by these
maternal characteristics.

One of the possible mechanisms linking FA supplementation to the reduced risk of SA may be
attributable to the role of FA in meiosis. Almost 50% of SAs result from fetal chromosomal abnormalities,
of which a high proportion is caused by maternal or paternal meiosis. FA deficiency delayed the onset
of meiosis in male mice and increased DNA damage in spermatocytes [35]. Moreover, FA deficiency
has been reported to possibly increase the risk for meiosis II nondisjunction errors among women aged
older than 35 years [36].

This cohort study was conducted with prospectively recorded exposure data together with
the available confounders. Its large sample size of 65,643 pregnancies enabled us to control for the
influencing confounders on the association between FA supplementation and SA. However, our findings
should be interpreted with caution and generalized carefully owing to several limitations. Firstly, our
study population was pregnant women who planned to conceive and took part in NFPHEP to have
the preconception healthcare. Those who did not plan to conceive were not recorded in this project.
Secondly, the pregnant women would be more likely to have FA supplementation if the gestation
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was prolonged. However, we categorized the pregnancies according to time of the first follow-up
during pregnancy and found no association between FA supplementation and the time of follow-up
(Supplementary Table S4). Thirdly, the covariates could not be completely balanced in the study,
and the unmeasured covariates may have biased the estimation. Taking dietary folate, for example,
which was varied in seasons and regions, would have biased our estimate. In recent years, the variation
is being reduced due to FA supplementation program since 2009 and the high access to green vegetables
and fresh fruits in winter or spring. Besides, the adjustment for the maternal demographic and
social characteristics, which were related to dietary folate intake, may also partly control the bias.
We estimated the E-value to assess the robustness of association to potential unmeasured confounding.
The values were relatively large in our study as most of the known covariates had an RR of less
than 3.00; the residual confounding could explain the observed association whether there exists an
unmeasured covariate that has an RR association at least as large as the estimated value with both FA
supplementation and with SA. Despite such an unmeasured or unknown covariate possibly existing,
the possibility is small. Furthermore, pregnant women with chronic diseases such as hypertension
had a higher risk of SA than pregnant women without these diseases [37]. Our analysis, adjusted
for chronic diseases and other maternal characteristics, showed that FA supplementation was still
associated with a lower risk of SA. Thirdly, 29,293 (30.22%) of the 96,924 pregnancies were lost to
follow-up (31.5% in the FA group and 25% in the no-FA group). We analyzed the association between
FA supplementation and the risk of SA in a subpopulation that was recruited in 2010 and of which
only 232 (3.15%) pregnant women were lost to follow-up. In this subpopulation, there was a consistent
association between FA supplementation and SA (Supplementary Table S5). Fourthly, 2168 (3.30%) of
the pregnancies ended in induced abortion/stillbirth. Although we were unable to observe the natural
outcome for most of these pregnancies, 96.0% of the induced abortions/stillbirths were reported to
be due to fetal abnormalities. Additionally, the association between FA supplementation and SA did
not change after excluding the induced abortions/stillbirths in the sensitivity analysis (Supplementary
Table S3) and the pregnant women with FA supplementation had a 70% lower risk of stillbirth or
induced abortion upon further analysis (Supplementary Table S6).

5. Conclusions

Maternal periconceptional FA supplementation is associated with a reduced risk of SA independent
of known confounding factors. This reduction in the risk was more profound in earlier initiation of FA
supplementation, that is, at least 3 months prior to conception. These findings provide new evidence
concerning maternal FA supplementation in pre-conception and antenatal care.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/8/2264/s1,
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abortion according to maternal periconceptional folic acid (FA) supplementation in sensitivity analysis, Table S4:
The association between maternal periconceptional folic acid (FA) supplementation and the follow-up time in
gestation, Table S5: Risk ratios and 95% CIs for spontaneous abortion (SA) according to maternal periconceptional
folic acid (FA) supplementation in a subpopulation recruited in 2010 (N = 7136), Table S6: Risk ratios and 95%
CIs for pregnancies ending with stillbirth or induced abortion due to fetal abnormalities according to maternal
periconceptional folic acid (FA).

Author Contributions: Conceptualization, Y.-Y.M., M.L., and W.-J.Z.; methodology, Y.-Y.M. and Q.-X.Z.; formal
analysis, Y.-Y.M.; investigation, L.Y. and Y.H.; data curation, L.Y. and M.L.; writing—original draft preparation,
Y.-Y.M.; writing—review and editing, L.Y., M.L., J.L., Q.-X.Z., Y.H., and W.-J.Z.; supervision, Y.H. and W.-J.Z.;
project administration, J.L. and Q.-X.Z.; funding acquisition, J.L. and W.-J.Z. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was supported by the Innovation-oriented Science and Technology Grant from NHC Key
Laboratory of Reproduction Regulation (grant number CX2017-04), the project “Prenatal folic acid supplementation
and autism in childhood” funded by Shanghai Municipal Commission of Health and Family Planning (grant
number 201440636), a project funded by the Chongqing Science and Technology Bureau (grant number
cstc2017shmsA130102), and a project funded by the Health Commission of Chongqing Province (grant number
2017ZDXM015).

http://www.mdpi.com/2072-6643/12/8/2264/s1


Nutrients 2020, 12, 2264 10 of 11

Acknowledgments: We would like to thank the medical staff of the 38-county maternal and child health care
hospitals for their assistance in recruitment, physical examinations, and interviews of participants in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Griebel, C.P.; Halvorsen, J.; Golemon, T.B.; Day, A.A. Management of spontaneous abortion. Am. Fam.
Physician 2005, 72, 1243–1250. [PubMed]

2. Agenor, A.; Bhattacharya, S. Infertility and miscarriage: Common pathways in manifestation and
management. Women’s Health 2015, 11, 527–541. [CrossRef] [PubMed]

3. Brown, S. Miscarriage and its associations. Semin. Reprod. Med. 2008, 26, 391–400. [CrossRef] [PubMed]
4. Wilcox, A.J.; Weinberg, C.R.; O’Connor, J.F.; Baird, D.D.; Schlatterer, J.P.; Canfield, R.E.; Armstrong, E.G.;

Nisula, B.C. Incidence of early loss of pregnancy. N. Engl. J. Med. 1988, 319, 189–194. [CrossRef] [PubMed]
5. Jacob, L.; Polly, I.; Kalder, M.; Kostev, K. Prevalence of depression, anxiety, and adjustment disorders in

women with spontaneous abortion in Germany—A retrospective cohort study. Psychiatry Res. 2017, 258,
382–386. [CrossRef] [PubMed]

6. Goddijn, M.; Leschot, N.J. Genetic aspects of miscarriage. Best Pract. Res. Clin. Obstet. Gynaecol. 2000, 14,
855–865. [CrossRef] [PubMed]

7. Wagner, C. Biochemical role of folate in cellular metabolism. Clin. Res. Regul. Aff. 2001, 18, 161–180.
[CrossRef]

8. Wald, N.J.; Morris, J.K.; Blakemore, C. Public health failure in the prevention of neural tube defects: Time to
abandon the tolerable upper intake level of folate. Public Health Rev. 2018, 39, 2. [CrossRef]

9. Van Gool, J.D.; Hirche, H.; Lax, H.; De Schaepdrijver, L. Folic acid and primary prevention of neural tube
defects: A review. Reprod. Toxicol. 2018, 80, 73–84. [CrossRef]

10. Wilson, R.D.; Genetics, C.; Wilson, R.D.; Audibert, F.; Brock, J.A.; Carroll, J.; Cartier, L.; Gagnon, A.;
Johnson, J.A.; Langlois, S.; et al. Pre-conception Folic Acid and Multivitamin Supplementation for the
Primary and Secondary Prevention of Neural Tube Defects and Other Folic Acid-Sensitive Congenital
Anomalies. J. Obstet. Gynaecol. Can. 2015, 37, 534–552. [CrossRef]

11. Chen, C.P. Chromosomal abnormalities associated with neural tube defects (I): Full aneuploidy. Taiwan J.
Obstet. Gynecol. 2007, 46, 325–335. [CrossRef]

12. Hook, E.B.; Czeizel, A.E. Can terathanasia explain the protective effect of folic-acid supplementation on birth
defects? Lancet 1997, 350, 513–515. [CrossRef]

13. Gindler, J.; Li, Z.; Berry, R.J.; Zheng, J.; Correa, A.; Sun, X.; Wong, L.; Cheng, L.; Erickson, J.D.; Wang, Y.; et al.
Folic acid supplements during pregnancy and risk of miscarriage. Lancet 2001, 358, 796–800. [CrossRef]

14. Vila-Nova, C.; Wehby, G.L.; Queiros, F.C.; Chakraborty, H.; Felix, T.M.; Goco, N.; Moore, J.; Gewehr, E.V.;
Lins, L.; Affonso, C.M.; et al. Periconceptional use of folic acid and risk of miscarriage—Findings of the Oral
Cleft Prevention Program in Brazil. J. Perinat. Med. 2013, 41, 461–466. [CrossRef] [PubMed]

15. He, Y.; Pan, A.; Hu, F.B.; Ma, X. Folic acid supplementation, birth defects, and adverse pregnancy outcomes
in Chinese women: A population-based mega-cohort study. Lancet 2016, 388, S91. [CrossRef]

16. Liu, J.; Gao, L.; Zhang, Y.; Jin, L.; Li, Z.; Zhang, L.; Meng, Q.; Ye, R.; Wang, L.; Ren, A. Plasma folate levels
in early to mid pregnancy after a nation-wide folic acid supplementation program in areas with high and
low prevalence of neural tube defects in China. Birth Defects Res. A Clin. Mol. Teratol. 2015, 103, 501–508.
[CrossRef]

17. Zheng, J.S.; Guan, Y.; Zhao, Y.; Zhao, W.; Tang, X.; Chen, H.; Xu, M.; Wu, L.; Zhu, S.; Liu, H.; et al.
Pre-conceptional intake of folic acid supplements is inversely associated with risk of preterm birth and
small-for-gestational-age birth: A prospective cohort study. Br. J. Nutr. 2016, 115, 509–516. [CrossRef]

18. Liu, J.; Zhang, S.; Liu, M.; Wang, Q.; Shen, H.; Zhang, Y. Maternal pre-pregnancy infection with hepatitis B
virus and the risk of preterm birth: A population-based cohort study. Lancet Glob. Health 2017, 5, e624–e632.
[CrossRef]

19. National Health Commission of the People’s Republic of China. Project Management Plan on Folic Acid
Supplement in Neural Tube Defects. 2009. Available online: http://www.nhc.gov.cn/wjw/gfxwj/201304/

02c3c3d51117464aa054c08de04b0468.shtml (accessed on 29 June 2009).

http://www.ncbi.nlm.nih.gov/pubmed/16225027
http://dx.doi.org/10.2217/WHE.15.19
http://www.ncbi.nlm.nih.gov/pubmed/26238301
http://dx.doi.org/10.1055/s-0028-1087105
http://www.ncbi.nlm.nih.gov/pubmed/18825607
http://dx.doi.org/10.1056/NEJM198807283190401
http://www.ncbi.nlm.nih.gov/pubmed/3393170
http://dx.doi.org/10.1016/j.psychres.2017.08.064
http://www.ncbi.nlm.nih.gov/pubmed/28865722
http://dx.doi.org/10.1053/beog.2000.0124
http://www.ncbi.nlm.nih.gov/pubmed/11023805
http://dx.doi.org/10.1081/CRP-100108171
http://dx.doi.org/10.1186/s40985-018-0079-6
http://dx.doi.org/10.1016/j.reprotox.2018.05.004
http://dx.doi.org/10.1016/S1701-2163(15)30230-9
http://dx.doi.org/10.1016/S1028-4559(08)60002-9
http://dx.doi.org/10.1016/S0140-6736(97)01342-1
http://dx.doi.org/10.1016/S0140-6736(01)05969-4
http://dx.doi.org/10.1515/jpm-2012-0173
http://www.ncbi.nlm.nih.gov/pubmed/23669628
http://dx.doi.org/10.1016/S0140-6736(16)32018-9
http://dx.doi.org/10.1002/bdra.23368
http://dx.doi.org/10.1017/S0007114515004663
http://dx.doi.org/10.1016/S2214-109X(17)30142-0
http://www.nhc.gov.cn/wjw/gfxwj/201304/02c3c3d51117464aa054c08de04b0468.shtml
http://www.nhc.gov.cn/wjw/gfxwj/201304/02c3c3d51117464aa054c08de04b0468.shtml


Nutrients 2020, 12, 2264 11 of 11

20. Zhang, J.P. Pregnancy complication. In Obstetrics and Gynecology, 9th ed.; Xie, X., Kong, B.H., Duan, T., Eds.;
People’s Medical Publishing House: Beijing, China, 2018; pp. 70–74, 140–146.

21. VanderWeele, T.J.; Ding, P. Sensitivity Analysis in Observational Research: Introducing the E-Value.
Ann. Intern. Med. 2017, 167, 268–274. [CrossRef]

22. Wald, N. Folic acid and the prevention of neural tube defects. Ann. N. Y. Acad. Sci. 1993, 678, 112–129.
[CrossRef]

23. Wilson, R.D.; Sogc Genetics, C.; Special, C. Prenatal screening, diagnosis, and pregnancy management of
fetal neural tube defects. J. Obstet. Gynaecol. Can. 2014, 36, 927–939. [CrossRef]

24. Liu, B.; Gao, E. Risk Factors for Spontaneous Abortion of Chinese Married Women at Reproductive Age.
China Public Health 2002, 18, 890–892.

25. Wang, L. Association between Periconception Environmental Risk Factors and Spontaneous Abortion among
Reproductive Aged Couples in Rural China. Ph.D. Thesis, Chinese Academy of Medical Sciences & Peking
Union Medical College, Beijing, China, 2018.

26. Crider, K.S.; Devine, O.; Hao, L.; Dowling, N.F.; Li, S.; Molloy, A.M.; Li, Z.; Zhu, J.; Berry, R.J. Population red
blood cell folate concentrations for prevention of neural tube defects: Bayesian model. BMJ 2014, 349, g4554.
[CrossRef] [PubMed]

27. Ma, R.; Wang, L.; Jin, L.; Li, Z.; Ren, A. Plasma folate levels and associated factors in women planning to
become pregnant in a population with high prevalence of neural tube defects. Birth Defects Res. 2017, 109,
1039–1047. [CrossRef]

28. Stern, J.; Salih Joelsson, L.; Tyden, T.; Berglund, A.; Ekstrand, M.; Hegaard, H.; Aarts, C.; Rosenblad, A.;
Larsson, M.; Kristiansson, P. Is pregnancy planning associated with background characteristics and
pregnancy-planning behavior? Acta Obstet. Gynecol. Scand. 2016, 95, 182–189. [CrossRef]

29. da Rosa, E.B.; Silveira, D.B.; Correia, J.D.; Grapiglia, C.G.; de Moraes, S.A.G.; Nunes, M.R.; Zen, T.D.;
Oliveira, C.A.; Correia, E.P.E.; Alcay, C.T.; et al. Periconceptional folic acid supplementation in Southern
Brazil: Why are not we doing it right? Am. J. Med. Genet. A 2019, 179, 20–28. [CrossRef]

30. Kurzawinska, G.; Magielda, J.; Romala, A.; Bartkowiak-Wieczorek, J.; Barlik, M.; Drews, K.; Ozarowski, M.;
Seremak-Mrozikiewicz, A. Demographic factors determining folic acid supplementation in pregnant and
childbearing age women. Ginekol. Polska 2018, 89, 211–216. [CrossRef]

31. McGuire, M.; Cleary, B.; Sahm, L.; Murphy, D.J. Prevalence and predictors of periconceptional folic acid
uptake–prospective cohort study in an Irish urban obstetric population. Hum. Reprod. 2010, 25, 535–543.
[CrossRef]

32. Xing, X.Y.; Tao, F.B.; Hao, J.H.; Huang, K.; Huang, Z.H.; Zhu, X.M.; Xiao, L.M.; Cheng, D.J.; Su, P.Y.; Zhu, P.;
et al. Periconceptional folic acid supplementation among women attending antenatal clinic in Anhui, China:
Data from a population-based cohort study. Midwifery 2012, 28, 291–297. [CrossRef]

33. Tuenter, A.; Bautista Nino, P.K.; Vitezova, A.; Pantavos, A.; Bramer, W.M.; Franco, O.H.; Felix, J.F.
Folate, vitamin B12, and homocysteine in smoking-exposed pregnant women: A systematic review.
Matern. Child Nutr. 2019, 15, e12675. [CrossRef]

34. Bakker, R.; Timmermans, S.; Steegers, E.A.; Hofman, A.; Jaddoe, V.W. Folic acid supplements modify the
adverse effects of maternal smoking on fetal growth and neonatal complications. J. Nutr. 2011, 141, 2172–2179.
[CrossRef] [PubMed]

35. Lambrot, R.; Xu, C.; Saint-Phar, S.; Chountalos, G.; Cohen, T.; Paquet, M.; Suderman, M.; Hallett, M.;
Kimmins, S. Low paternal dietary folate alters the mouse sperm epigenome and is associated with negative
pregnancy outcomes. Nat. Commun. 2013, 4, 2889. [CrossRef] [PubMed]

36. Hollis, N.D.; Allen, E.G.; Oliver, T.R.; Tinker, S.W.; Druschel, C.; Hobbs, C.A.; O’Leary, L.A.; Romitti, P.A.;
Royle, M.H.; Torfs, C.P.; et al. Preconception folic acid supplementation and risk for chromosome 21 nondisjunction:
A report from the National Down Syndrome Project. Am. J. Med. Genet. A 2013, 161, 438–444. [CrossRef]

37. Kharb, S.; Aggarwal, D.; Bala, J.; Nanda, S. Evaluation of Homocysteine, Vitamin B12 and Folic Acid Levels
During all the Trimesters in Pregnant and Preeclamptic Womens. Curr. Hypertens. Rev. 2016, 12, 234–238.
[CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.7326/M16-2607
http://dx.doi.org/10.1111/j.1749-6632.1993.tb26114.x
http://dx.doi.org/10.1016/S1701-2163(15)30444-8
http://dx.doi.org/10.1136/bmj.g4554
http://www.ncbi.nlm.nih.gov/pubmed/25073783
http://dx.doi.org/10.1002/bdr2.1040
http://dx.doi.org/10.1111/aogs.12816
http://dx.doi.org/10.1002/ajmg.a.60699
http://dx.doi.org/10.5603/GP.a2018.0036
http://dx.doi.org/10.1093/humrep/dep398
http://dx.doi.org/10.1016/j.midw.2011.04.002
http://dx.doi.org/10.1111/mcn.12675
http://dx.doi.org/10.3945/jn.111.142976
http://www.ncbi.nlm.nih.gov/pubmed/22031658
http://dx.doi.org/10.1038/ncomms3889
http://www.ncbi.nlm.nih.gov/pubmed/24326934
http://dx.doi.org/10.1002/ajmg.a.35796
http://dx.doi.org/10.2174/1573402112666161010151632
http://www.ncbi.nlm.nih.gov/pubmed/27748186
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	National Free Pre-Conception Health Examination Project 
	Exposure, Outcomes, and Covariates 
	Statistical Analysis 
	Ethics Approval and Consent to Participate 

	Results 
	Maternal Characteristics 
	The Association between Maternal FA Supplementation during Periconceptional Period and the Risk of SA 
	Sensitivity Analysis 

	Discussion 
	Conclusions 
	References

