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Abstract
Background: Birth defects are the main cause of fetal death, infant mortality and morbidity, as well as
long-term disability in China. Though the etiology of birth defects remains unknown, many studies
indicated that maternal key nutrition factors, especially maternal folate status during periconception
period, played an important role in organogenesis, the incidence of neural tube defects, congenital heart
diseases and some other birth defects. The aim of this trial is to evaluate the effectiveness of package of
folate-oriented interventions during periconception on incidence reduction of fetus and birth defects.
Methods: This is a two-arm single-blind cluster randomized controlled trial (cRCT) in clinical settings.
Twenty-two tertiary community health care centers will be randomly allocated to the intervention arm or
control arm. Eligible women will be recruited before conception and receive folate-oriented tertiary
intervention procedures in addition to the routine perinatal care (intervention arm), or only routine
perinatal care (control arm) according to the national recommendation and guideline. The difference was
the procedures to aware and ensure sufficient folate levels before conception in the intervention arm. The
participants will be blinded to the allocation. Participants of the control arm will not be offered any
information about the intervention procedures during the study period to prevent contamination. The
composite primary outcome is defined as occurrence of fetus defects, still birth, and neonatal birth
defects identified from the confirmation of pregnancy to 28 days after birth. Secondary outcomes include
abortions, financial burden of fetus and birth defects, gestational diabetes, gestational hypertension,
pregnancy weight gain (entire and early gestation), maternal body weight and HbA1c at and after 6
months of delivery and neonatal development. Discussion: This trial will provide important evidence on
the effectiveness of a package of folate-oriented tertiary interventions on the reduction of the incidence of
fetus and birth defects compared to routine periconceptional and antenatal health care. This evidence is
expected to impact policy making about improving primary prevention of birth defects in China. Trial
registration: ClinicalTrials.gov, NCT03725878，Registered on 24 October 2018,
https://www.clinicaltrials.gov/ct2/show/NCT03725878?term=Huang+guoying&rank=2

Background
Birth defects, also known as congenital anomalies or congenital malformations, are defined as structural
or functional abnormalities, affecting on physical, intellectual, and social wellbeing [1]. Birth defects are a
diversity group of disorders occurred during intrauterine and existed before and after birth, including
neural tube defects, congenital palate and cleft lip, malformations of genital organs, deformations of the
musculoskeletal system and metabolic disorders, et al. According to data from World Health Organization
(WHO), more than 8 million (a total of 6% births) are born with severe birth defects each year and nearly
303000 newborn deaths worldwide are caused by birth defects [2]. Also, an estimation that at least 3.3
million of children aged 0 to 5 years died of severe birth defects and approximately 3.2 million of children
with disabilities related to birth defects every year [2, 3]. In China, where over 5.6% of live births present
with a birth defect [4]. And studies show that incidence of birth defects were more than 10% [5].
Congenital heart defects, oral clefts, hydrocephalus, neural tube defects and mental retardation are the
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most common birth defects in China, which is similar to that of worldwide. Birth defects are a lifethreatening cause leading to neonatal death, still birth, and long-term disability, which may significantly
influence individuals’ physical and mental health, families, health-care systems, and societies. The
etiology of birth defects remain unknown though inheritance factors, environmental teratogens or
micronutrient malnutrition have been widely studied. Among them, maternal key nutrition factors,
especially maternal folic acid status arouse intense concern.
Folate is a water-soluble vitamin abounded in green vegetables and fruits. Whereas folic acid is a
synthetic form of folate, and its bioavailability is approximately 70% higher than that of folate [6].
Commonly, folate status in population is accessed by measuring serum or red blood cell folate (RBC
folate) through biochemistry methods. And a cut-off point to define folate deficiency is serum folate< 3
ng/mL (6.8 nmol/L) or RBC folate <100 ng/mL (226.5 nmol/L) recommended by WHO (using macrocytic
anemia as a haematological indicator) [7]. Folate is a key nutrition factor involved in multiple cellular
processes, such as nucleotide synthesis, DNA repair, genomic stability, mitochondrial protein synthesis
and methylation reactions including histone methylation. Folic acid supplementation can decrease the
occurrence of several types of congenital abnormalities, which has been widely studied. Neural tube
defects (NTDs) account for one of the most prevalent group of birth defects, which is a severe structural
defect resulting from the failed closure of the neural tube during early embryogenesis period. Studies
showed prevalence of NTDs was significantly reduced with the supplementary of folic acid ADDIN
EN.CITE [8-11] . And Khoshnood appeals that voluntary fortification of folic acid failed to reduce NTDs
effectively, thus policies for mandatory fortification of food staples with folic acid should be issued to
prevent NTDs ADDIN EN.CITE [11, 12] . RBC folate >400 ng/mL (906 nmol/L) is recommended to prevent
NTDs by WHO [13]. Populations based studies showed strong evidences on folate reducing occurrence of
congenital heart disease (CHD). A Hungarian study showed approximately 40% of CHDs may be reduced
by periconceptional folic acid-containing multivitamin supplementation [14]. And a reduction of
prevalence of CHD subtypes, such as conotruncal defects and coarctation of the aorta, was founded to
be strongly relevant to periconceptional food fortification with folic acid ADDIN EN.CITE [15] . The
protective effect on folic acid supplementation reducing other outcomes have also been observed, such
as cleft lip and palate, miscarriages or other birth defects ADDIN EN.CITE [16, 17] . However, association
between folic acid and cleft lip was largely inconclusive for lacking Randomized controlled trials (RCTs)
evidences [18].
Investigation on the correlation between single nucleotide polymorphisms (SNPs) of folate metabolism
pathway genes with susceptibility to birth defects has been widely studied. The C677T polymorphism of
the 5,10-methylenetetrahydrofolate reductase (MTHFR) gene may reduce the MTHFR enzyme activity,
which lower maternal folate status and increase the susceptibility of NTDs and CHDs ADDIN EN.CITE [19,
20] . However, a meta-analysis showed no relation between C677T polymorphism and CHD risks ADDIN
EN.CITE [21] . Chinese researchers found SNPs in folate metabolism pathway genes (MTR, CBS, MTRR
and FIGN) may increase risk of CHDs via different mechanisms ADDIN EN.CITE [22-25] . Routine
pregnant health cares, including NTDs, Down's syndrome screening, and ultrasound examination are used
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worldwide to detect chromosomal abnormalities and major structural malformations ADDIN EN.CITE [26]
.
Although importance of sufficient folate nutrition during periconception period to fetal development is
widely known, prepregnant folate supplementation population is limited even in developed countries
ADDIN EN.CITE [27-30] , and folate deficiency affects about half pregnant women in China [31]. We aim
to conduct a randomized intervention trial to test the effectiveness and feasibility of a package of folateoriented tertiary interventions on incidence and clinical outcomes of birth defects. The experimental
intervention includes pre-, during pregnancy and after birth, especially emphasis on ensuring sufficient
RBC folate levels before pregnancy.
Aims and objectives
The aim of this trial is to evaluate the effectiveness of the monitoring and insurance of sufficient folic
acid supplement during periconception on incidence reduction of fetus and birth defects.
Based on these objectives, the primary hypothesis is that the intervention group receiving a package of
folate-oriented tertiary interventions will have lower incidence of fetus and birth defects than the control
group. The secondary hypotheses are that the incidence rate of total abortions because of the affected
congenital defects; incidence of death or severe organ dysfunctions; the cost that relates to affecting any
birth defects during pregnancy and after birth will reduce by the tertiary intervention; and the metabolic
and development-related outcomes of mothers and children have improved.

Methods
Design
This protocol refers to the SPIRIT 2013 (Standard Protocol Items: Recommendations for Interventional
Trials) Statement. The participant timeline is presented in Fig 1. A SPIRIT checklist is given in additional
file 1.
This is a two-arm single-blind cluster randomized controlled trial (cRCT) in clinical settings.
Participants
Study population is female who prepares for pregnancy. Participants meet the follow criteria are eligible
to this study: (1) females are planning for pregnant within a year; (2) women are aged 18 to 45 years old.
There are no exclusion criteria. Eligible women are recruited as candidate participants at pre-pregnancy
physical examinations clinics or premarital health checkup centers in Minhang district and Songjiang
district in Shanghai (see Table S1). A written informed consent is obtained from each candidate
participants at recruitment. Among them, only candidate participants finally get pregnant during study
period will be a valid participant and be included as study subjects for outcome analysis.
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Sample size and randomization
Sample size calculation will be performed based on the primary outcome: the incidence of a composite
rate of fetus defects, still birth, or birth defects. The proportion of primary endpoint was conservatively
estimated to be 8% in the control arm according two observational studies [5, 32], and 4% in the
intervention arm (or 50% reduction) based on a meta-analysis of randomized intervention trials of folic
acid supplementation intervention in folate-deficient population [33]. With cluster size of 100 subjects per
center, K coefficient of 0.23, a power of 85 % and a 5 % level of type I error, 22 clusters (2200 pregnant
women or 1100 in each arm) will be required. To allow for a 10 % dropout rate, at least 110 pregnant
women will be recruited in each center.
Permuted block randomisation method with block size of 4 will be used. Stata 15 was used for
randomisation code generation. Twenty-two community health care centres (clusters) will be allocated to
the intervention and control arms. Randomisation list will be generated by an independent statistician.
Procedures
Following random allocation, eligible subjects will receive tertiary intervention procedures plus the routine
perinatal care (intervention arm), or only routine perinatal care (control arm) according to the national
recommendation and guidelines [34]. The women in both arms will receive the baseline measurements.
For the intervention arm, a package of preconception intervention procedures will be conducted. After the
baseline measurements, once the participant from both arms get pregnant, they will receive prenatal
intervention procedures and will be followed throughout the entire pregnancy. After delivery, a 6-months
follow up will be conducted to collect clinical outcomes among infants. In addition, the routine clinical
data including participants and their babies will be extracted from local maternal clinic antenatal
electronic medical record system. The flow chart of the cRCT procedure is depicted in Fig. 2. The overview
of the biomarkers throughout the study are summarized in Table 1.
Comprehensive strategies are used to retain participants in the study. A smartphone APP were provided to
each community health care center to help identify and follow the cohort subjects timely. In addition, an
automated text message system is adopted to remind participants of schedule and appointment of
follow-up.
Outcomes
The primary endpoint is defined as occurrence of fetus defects, still birth, and neonatal birth defects
identified from the confirmation of pregnancy to 28 days after birth. This is a composite outcome: fetus
defects detected by Down's syndrome screenings, Nuchal translucency (NT) examinations and
Ultrasound image examinations during the second trimester; stillbirth; and the number of birth defects
after delivery diagnosed by clinical team. In consistent with the national birth defects surveillance policy,
a total of 24 types of defects were defined (details of defects types see Table S2). In addition, the
pregnancy suspension including miscarriages and artificial abortions will be recorded. Detailed
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information of abortions will be collected, including time of abortion, reasons for abortion, and antenatal
information before abortion.
The major secondary outcomes include: (1) the proportion (%) of total abortions that related to congenital
defects. (Time Frame: from the confirmation of pregnant to the 28th gestational week); (2) the incidence
(%) of infant death or severe organ dysfunctions (composite outcome) (Time Frame: from birth to 6
months after delivery (can be expanding to the end of the 7th month)); (3) extra medical cost that related
to fetus and birth defects during pregnancy and after birth (Time Frame: from confirmation of pregnancy
to one year old after birth).
In addition, we also included the following outcomes: the incidence of neonatal congenital heart defects,
maternal gestational diabetes (%), gestational hypertension (%), pregnancy weight gain (kg) (entire and
early gestation), maternal body weight (kg) and HbA1c (%) at and after 6 months of delivery and neonatal
development as secondary outcomes. neonatal development will be evaluated by the infant body weight
(g) at birth, 42day, 3 months and 6 months.
Measurements
The nutrient supplement questionnaire
Two questionnaires will be used for nutrient supplement data collection. Questionnaire 1 will be
administered at recruitment before pregnancy to collect information on folic acid supplement, vitamin
supplement, the brand and content of nutrient supplement, maternal education, socio-demographic
status, occupation, smoking status, alcohol consumption, BMI, any medication use, health status.
Questionnaire 2 will be used at the early pregnancy. Besides the information in Questionnaire 1, use of
drug information, reproductive history and health status were also included (Please see Appendix 2).
Collection of blood samples
We will keep the rest of fasting serum and EDTA anticoagulation blood samples of peripheral venous
blood after routine laboratory examination. The fasting serum will be divided into three light-proof EP
tubes within six hours, as well as EDTA anticoagulation blood samples. Divided samples will be stored in
-20 degrees freezers temporarily at clinical settings and transported by three trained investigators to the
central biobank for storage in -80 degrees freezers within two weeks. The protocol for blood sample
tagging, isolation, temporary storage, transportation and permanent storage see Appendix 3.
Nutrient evaluation & genotyping of key enzymes
EDTA anticoagulation blood will be collected to measure RBC folate and serum folate, homocysteine,
vitamin D, vitamin B12 and ferritin assays. All six biomarkers are performed on an
electrochemiluminescence assay (ARCHITECT i2000SR Analyzer, Abbott Laboratories, USA). A standard
solution with known concentration (produced by Abbott Laboratories) will be used to quality control every
day before the examination. If the level of quality control were out of the range of concentration, the
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examination would be suspended and adjusted. External quality control is carried out with the control lab
data programme from Abbott Laboratories (Abbott Laboratories, Shanghai, China). RBC folate
concentrations will be adjusted using hematocritif the RBC folate concentration is below 126.0 ng/ml or
above 651.1 ng/ml, meanwhile, the serum folate level is over 3.5 ng/ml. The hematocrit data will be
extracted from the hospital laboratory information system. Those examinations will be performed in
central laboratory of Children’s Hospital of Fudan University.
The serum concentration of vitamin A and vitamin E will be quantitatively detected by liquid
chromatography-tandem mass spectrometry in central laboratory of Children’s Hospital of Fudan
University. The testing instrument is triple quadrupole mass spectrometer LC/MS/MS System (NO: API
3200MDTM, ABSciex Pte.Ltd.). A standard solution of vitamin A-d6 and vitamin E-d6 are applied as
internal standards.
We also plan to examine other blood chemicals in the future using the stored serum including cholesterol,
high-density lipoprotein, low-density lipoprotein, triglyceride, fasting glucose and heavy metals.
Cholesterol, high-density lipoprotein, low-density lipoprotein, triglyceride, and fasting glucose were
performed on Beckman coulter AU chemistry analyzers (Beckman, USA) in central laboratory of Children’s
Hospital of Fudan University. Serum heavy metals including Mg, Fe, Zn, Se, Mn, As, Cu and Ca, will be
analyzed by inductively coupled plasma mass spectrometry (ICP-MS) (Inductively Coupled Plasma
Optical iCAP6300, Themo®, USA) in a standard mode. The metals examination will be conducted in
Instrumental Analysis Center of Shanghai Jiaotong University.
The SNPs involved in folate metabolism pathway will be genotyped in subjects with unknown low RBC
folate concentration, including BHMT (rs3733890), CBS (rs2850144, rs2851391), FIGN (rs2119289),
MTHFD1 (rs2236225), MTHFR (rs1801131, rs1801133, rs3737965), MRT (rs1805087, rs28372871,
rs1131450), MTRR (rs1801394, rs326119), RFC1 (rs1051266), and SHMT (rs1979277) ADDIN EN.CITE
[25, 35-39] . Genotyping will be performed using the TaqMan allelic discrimination assay in 96-well plates
on the platform of 7500 Real-time polymerase chain reaction (PCR) System (Applied Biosystems, Foster
City, CA).
Interventions

The control arm
The participant will only receive routine perinatal care according to the national guidelines [34], including
premarital health checkup, pre-pregnancy physical examinations, the antenatal care, NT examination,
Down's screening, chromosomal abnormalities and major structural malformations screened by
ultrasound examination, and neonatal health care.

The intervention arm
In addition to the routine perinatal care as described in the control arm, the participants in the intervention
arm will receive a package of folate-oriented tertiary intervention procedures, which includes
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preconception procedures and pregnant & neonatal procedures. The details are as follow:
(i) Preconception procedures:
We examine the participant serum and RBC folate concentrations to identify subjects with folate
deficiency (defined as RBC folate concentration <400 ng/ml). By reviewing of subjects’ self-administered
questionnaire, and folate metabolism ability evaluated by genotyping key genomic variants, a phone
counseling will be conducted to provide an individualized folic acid supplementary guide. The goal of the
counseling is to ensure their RBC folate concentration >400 ng/ml before conception by sufficient dose
and length of folate supplementation.
(ii) Pregnant & Neonatal procedures
Fetus and infants with birth defect(s) will be referred via a green channel to an authorized tertiary
obstetric hospital and pediatric hospital respectively to receive further routine comprehensive
assessments for prenatal diagnosis. The parents are referred to a multi-discipline pediatrics team for a
sufficient consultation about possible postnatal treatments in the future if the pregnancy remains to
avoid unnecessary abortions. All pregnancies will be followed up at delivery to help clinical team for early
diagnosis, treatment and related procedures. All infants from the two arms will continuously be followed
up till 6 months after birth to collect data of clinical outcomes. This green channel is also provided to the
subjects from the control arm.
Masking
The study is single blinded. The study investigators who are involved in recruitment, the laboratory staff,
and the dose-adjusting investigator (who was not involved in participant care) will remain blinded. The
investigator involved in intervention and the statistician was not blinded, as unbinding was required in
order to carry out statistical procedures.
All researchers conducting outcome assessments will be masked in the trial. The trial statistician will also
be blinded regarding the treatment code when he develops the statistical analysis plan and writes the
statistical programmes, which will be validated and completed using dummy randomization codes. The
actual allocation will only be provided to the study team after lock of the database.
Data management and analyses
STATA 15.0 will be employed to perform all statistical analyses. All quantitative data will be collected
using paper questionnaires with unique ID numbers for each recruited patient. Data will be stored at the
research team office at the end of each day. Daily checking of data will be carried out by the research
coordinator, with queries identified and resolved promptly. A database will be built using Access 2013
(Microsoft office Professional Plus 2013); double entry and checking will be performed by an assigned
data entry team. Discrepancies will be resolved by a third data manager. Once in an electronic file, all data

Page 9/18

will be password protected, with data managers controlling access to passwords and ensuring the
database is backed up daily.
Findings of the trail will be reported according to the CONSORT guidelines for cRCT. The primary outcome
is a binary composite outcome. A formal statistical analysis will be performed as a two-sided test, using
chi-square test. The treatment effect will be estimated as the difference of the rate in the control arm
minus that in the experimental arm (%) and 95%CIs. In the primary analysis, participants lost to follow-up
will be included in the denominators but will not be considered as positive events in the numerator.
We identified clinical and healthcare factors likely to influence both the probability of receiving
intervention and outcome based on the scientific literature and biological plausibility. The factors include
cluster, block, actual cluster size, age, BMI (body mass index)，pregnant history (pregnant time and
miscarriage)， and exposure to smoking (mother or father’s smoking status, yes/no) at baseline. This will
be done to correct for any possible baseline imbalances between the arms after randomization.
Generalised estimating equation (GEE) model will be performed to estimate risk ratio and 95%CI, as well
as risk difference and 95%CI, by adjusting cluster with link of identity. The above log-binomial GEE model
may not converge when all covariates are introduced into the model simultaneously. If this occurs, a
covariate will be removed from log-binomial GEE model until GEE model converge.
Subgroup analyses will be performed on age, BMI, adverse pregnant history, exposure to smoking, RBC
folate level at baseline. Age will be categorized at <35 years or more; BMI will be dichotomized at 24
kg/m2; RBC folate level will be cut off at 400 ng/ml before pregnancy. Assessment of the homogeneity of
treatment effect by a subgroup variable will be conducted by a GEE with the treatment, subgroup variable,
and their interaction term as predictors, center as cluster, and the P-value presented for the interaction
term. In addition, the risk ratio of the primary endpoint will be derived from the GEE model with binomial
distribution function, and log link function, respectively.
All secondary outcomes will be analyzed as a superiority design and two-sided 95% CIs for the treatment
differences in these outcomes between the two arms will be calculated and presented. Secondary
outcome analyses will be based on the intention-to-treat (ITT) population unless specified.
Binary secondary outcomes will be analyzed with the same strategy and method with that is used for the
primary outcome. Generalized estimating equation (GEE) model will be performed with treatment as the
only predictor, center as cluster effect using binomial distribution and log link function, from which the
treatment effect will be estimated as the risk ratio between intervention and the control arm together with
95%CIs. If the above log-binomial regression model does not converge, GEE model with normal
distribution and log link function will be used.
The continuous outcome will be summarized using number of subjects (n), mean, standard deviation
(SD), minimum, and maximum by intervention group, and will be analyzed by a General liner model
(GLM) model with treatment as fixed effect and with normal distribution and identity link function.
Difference in mean outcome with their two-sided 95% confidence intervals between two groups will be
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derived from the GLM model. For repeated measurement variables, such as baby body weight at different
visit, or maternal body weight during gestation, will be analyzed using mixed effect linear regression
model, with treatment, visit, interaction between treatment and visit as fixed effects, baseline
measurement as covariate, cluster and subject as random effects.
We calculate the total cost of each subject including cost of treatment, nursing, and rehabilitation from
recruitment to the follow-up endpoint. The differences of total cost will be compared between the two
arms using the same methods described above by treating which as a continuous variable. The total cost
of intervention arm included folic acid supplements and RBC folate examinations before conception. All
the cost is settled in RMB. Further comprehensive cost-effectiveness analysis will be described by a
separated SAP.
All analyses will be described in detail in the finalized and signed statistical analysis plan before
unmasking the study.
Study management
A research management office will be set up for this study to monitor the process and verify protocol
compliance once a month. The management office is responsible for data management, biological
sample management, quality control, and participant management (decision to terminate the trial). Data
correctness will be assessed and serious adverse events will be reported to the ethics committee of the
particular center and Children’s Hospital of Fudan University. The ethics committee of Children’s Hospital
of Fudan University has the authority to terminate the trial according to local laws or institutional
regulations. The investigators should keep each care center, ethics committee, and the journal informed
of any major protocol modifications.
Ethical approval
The trial protocol received ethical approval from Ethic board of Children's Hospital clinical pharmacology
IRB of Fudan University (Approval Number: 2018-151). Written informed consent will be obtained from
each recruited participant before the questionnaire survey and intervention.

Discussion
This trial will examine the effectiveness of standard tertiary interventions on the reduction of the
incidence of fetus and birth defects compared to routine health care. The intervention has several
advantages over routine health care: (i) Pre-pregnancy interventions are an individualized, comprehensive
intervention program that references the questionnaire, genes, and nutrient levels in the blood; (ii) This
intervention study builds a complete healthcare network from pre-pregnancy to childbirth, from
community to hospital; (iii) It may improve self-management of health in primary prevention of birth
defects, because participants will receive individualized interventions and follow-up health instructions
from pre-pregnancy to childbirth in community settings. Even in the case of null results, this trial will
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produce a large amount of illuminating data for perinatal health care. If the interventions are effective, it
will provide an additional health care option for comprehensive health management of reduction of birth
defects.
Trial status
The Protocol Version is 1.0. The trial is registered at ClinicalTrials.gov with identifier number
NCT03725878.
Recruitment started on October 31, 2018 and the study is anticipated to be completed in December, 2021.
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BMI: Body mass index; CHD: Congenital heart disease; GEE: Generalised estimating equation; GLM:
General liner model; ITT: Intention-to-treat; MTHFR: The 5, 10-methylenetetrahydrofolate reductase; NT:
Nuchal translucency; NTDs: Neural tube defects; PCR: Polymerase chain reaction; RBC: Red blood cell;
RCTs: Randomized controlled trials; SNPs: Single nucleotide polymorphisms.
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Tables
Table 1 Parental biomarkers evaluated in the ETC study
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Biomarkers

Sample type

Baseline

Before 13 weeks

(Male and female)

(Female)

Folate, ng/ mL

Serum

×

RBC Folate, ng/ mL

Whole blood

×

Homocysteine, μmol/L

Serum

×

Vitamin D, ng/mL

Serum

×

Vitamin B12, pg/mL

Serum

×

Vitamin A, μg/mL

Serum

×

Vitamin E, μg/mL

Serum

×

Iron protein, ng/mL

Serum

×

Metals (Fe, Zn, Se, Cu, Ca, ect) ,mg/L

Serum

×

DNA

Whole blood

×

Genotyping

DNA

×

CHOL, HDL, LDL, TG, Fasting glucose

Serum

×

Figures
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×

Figure 1
Example template of recommended content for the schedule of enrolment, interventions, and
assessments.*
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