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ABSTRACT

Purpose The Shanghai Preconception Cohort (SPCC)
was initially established to investigate the associations

of parental periconceptional nutritional factors with
congenital heart disease (CHD) but has further analysed
child growth and development and paediatric diseases.
Participants Preparing-for-pregnancy couples who
presented at Shanghai preconception examination clinics
and early-pregnancy women before 14 gestational weeks
were enrolled to comprise the periconceptional baseline
study population. General characteristics, routine clinical
data and consumption of diet supplements, such as folic
acid and multivitamins, were collected. Blood samples
were obtained at preconception and early, middle and
late gestations using standard procedures. Multiple
nutritional factors, including folate, homocysteine, vitamin
A, vitamin D, vitamin E and metals, in the blood samples
of participants selected using a case—control design were
examined. Genomic DNA was extracted.

Findings to date The baseline population included 8045
preconception couples, 3054 single women and 15 615
early-pregnancy women. Data from 12 402 births were
collected, and follow-up of the cohort for other outcomes
is ongoing. Currently, 151 cases of CHD were identified
after birth. The pilot analysis in a small subgroup showed
that approximately 20.0% of preconception women and
44.9% of early-pregnancy women had red blood cell (RBC)
folate levels that met the international recommendation for
preventing neural tube defects.

Future plans Once a sufficient number of CHD cases are
achieved, we will investigate the quantitative association
of preconception RBC folate levels with CHD using a
nested case—control design. The SPCC will be followed
up for 18 years to investigate extensive outcomes of
growth, development, obesity, and common and rare
diseases during childhood and adolescence according

to our plan. Blood nutritional factors will be examined in
participants selected for specific aims. The SPCC will also
allow for prospective cohort studies on extensive research
questions.

Trial registration number NCT 02737644

,"? On behalf of the SPCC group

Strengths and limitations of this study

» The Shanghai Preconception Cohort is the first pro-
spective birth cohort with congenital heart disease
as primary outcome with recruitment starting from
the preconception stage. Temporal sequence of ex-
posures and outcomes can be achieved for causal
inference of birth defects and other diseases that
develop during the early stage of gestation.

» Preconception blood samples were appropriately
collected and stored, which allow for the examina-
tion of individual blood levels for nutritional factors
and other exposures.

» Preconception clinical data and blood samples from
both the father and mother were collected to deter-
mine the effect of both maternal and paternal ge-
netic and nutritional factors on fetal and paediatric
diseases.

» Although the response rate was high (>95%), pre-
conception participants were recruited from the
population who voluntarily presented at preconcep-
tion physical examination sites in Shanghai. They
may have stronger willingness for a healthy preg-
nancy, which may induce selection bias.

» Biological samples (cord blood and placenta) of the
newborns were not collected.

INTRODUCTION

Congenital heart disease (CHD) is a common
congenital malformation that seriously affects
children’s quality of life." CHD is a leading
cause of infant death in high-income coun-
tries, affecting 8 of 1000 live births.” According
to the report from National Health and
Family Planning Commission of the People’s
Republic of China, CHD accounts for about
a quarter of the birth defects of newborns in
China, ranking first among birth defects.” In
a prospective, nationwide large-scale study
in >120 000 newborns in China in 2013, the
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prevalence of CHD in live births was 8.94%o. The inci-
dence of severe CHD was 2.9%o.*

The cause of CHD is multifactorial. With the develop-
ment of genetic engineering technology, genetic factors
have been better understood in the past decade.” Multiple
factors have been reported in epidemiological studies,
including maternal social variables (occupation and
educational background), health status, unhealthy life-
style, maternal medical history, emotional status, family
history of the disease, and consanguineous marriages.”""
Additionally, maternal key nutrients are related to the risk
of offspring’s CHD as a modifiable environmental factor
during periconception.'' '* The periconceptional intake
of folic acid supplements has been shown to reduce
the risk of CHD,"” '* and the use folic acid supplements
before conception and at the beginning of pregnancy has
been recommended to women worldwide. Awareness of
the relationship between folic acid deficiency and CHD
is actually a by-product finding from the well-known
Hungarian randomised control trial study of folic acid
supplementation to prevent neural tube defects. The
study found that prenatal supplementation with a multi-
vitamin containing 0.8 mg of folic acid daily reduced the
incidence of neural tube defects. Additionally, the inci-
dence of various heart defects has also been reduced by
nearly half.”” Longitudinal data from >1 000 000 births
in Canada in 22 years, from 1990 to 2011, also showed
that food fortification with folic acid reduced the risk of
CHD by 20%-30%"* The current guideline for folic acid
supplementation recommends that all women of child-
bearing potential be supplemented with at least 0.4 mg
of folic acid daily prior to conception and during preg-
nancy, which is designed to prevent neural tube defects."®
However, excessive folic acid intake may increase the risk
of cancer,'” vitamin B, deficiency'® and autism spectrum
disorder." The optimal dose of folic acid for preventing
CHD warrants further investigation. Additionally, most
previous studies focused only on the folic acid supple-
ment or the serum folate level during or after pregnancy,
which may not be the optimal period and method to
reflect the exposure level to the risk of CHD.

To investigate the association between parental peri-
conceptional key nutritional factors, such as folate level,
and the development of CHD and to explore the cut-off
biomarker levels, we conducted the Shanghai Preconcep-
tion Cohort (SPCC) and a nested case—control analysis.

The SPCC was initiated primarily to evaluate CHD.
However, based on the strengths of its baseline data collec-
tion, it has received attention and support, with improved
additional extensive outcomes for children that will be
followed up for a longer term.

COHORT DESCRIPTION

Who is in the cohort?

The SPCC recruited pregnancy-planning women and
men who were permanent residents and voluntarily
presented at preconception clinical clinics at 28 maternity

institutions in 10 districts of Shanghai (Minhang District,
Huangpu District, Xuhui District, Changning District,
Jing’an District, Putuo District, Yangpu District, Pudong
District, Songjiang District and Qingpu District) from
March 2016 to December 2018. The preconception exam-
ination policy in the city of Shanghai provides a unique
opportunity and clinical resources to support recruitment
in the SPCC. Since 2010, married couples in Shanghai
have been encouraged to attend a free preconception
health examination. Moreover, these maternity institu-
tions receive strong local administrative support and
integrated maternal healthcare networking, providing
service to 150 000-200 000 annual deliveries in Shanghai.
Couples who were present at preconception clinics, living
in Shanghai, preparing for pregnancy within 1 year, and
planning to receive antenatal care and deliver in Shanghai
were eligible for the study. Written informed consent was
obtained from all participants before data collection.
Additionally, we recruited early-pregnancy women who
were at <14 gestational weeks at their first antenatal exam-
ination. These two groups of participants comprised the
periconceptional baseline study population.

The first primary outcome of the SPCC is CHD. The
hypothesis is that maternal preconception serum or red
blood cell (RBC) folate level is quantitatively associated with
CHD development in the offspring. The study design and
protocol have been registered in the ClinicalTrials Registry.

As shown in figure 1, the baseline population will
be followed up until delivery, and their infants will be
followed up until 18 years of age (figure 1).

Follow-up procedure

On enrolment, the participants completed the ques-
tionnaire of key nutrient supplementation and blood
sample collection. When participants became pregnant,
the same investigations (questionnaire/blood sample
collection) were conducted during early pregnancy (first
antenatal visit at 16-20 gestational weeks). Pregnancies
were followed up, along with routine maternal health-
care procedures. Blood samples were also collected at
the second (24-28 gestational weeks) and third (32-34
gestational weeks) trimesters. The follow-up data of CHD
outcome and birth were obtained through the Shanghai
Neonatal CHD Screening Platform (figure 1).

As shown in figure 1, outcomes at birth, from infancy
to childhood (preschool phase) and between 7 and 18
years (school ages), will be collected or extracted from
multiple public platforms and data sources. First, precon-
ception clinical visit data from the Preconception Care
Electronic Data System, supported by the national and
local government, were collected, including height,
weight, age, infections, sexually transmitted disease and
family history. Second, the routine pregnancy data were
obtained from the Maternal Clinic Antenatal Medical
Record System, managed by the Shanghai Center for
Women and Children’s Health, including height, gesta-
tional weight, last menstrual period, childbearing history,
delivery outcomes, infections, haematocrit, coagulation
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Figure 1

Protocol and follow-up of the SPCC. The baseline population of SPCC consisted of women and men at the

periconception stage (couples who are preparing for pregnancy) and pregnant women at the early gestation stage. The
cohort includes three phases, from periconception to birth (phase |, perinatal phase), from birth to 6 years (phase Il, infant
and preschool age) and from 7 to 18 years (phase lll, school age). The current paper focuses on the first phase, with CHD
as the primary outcome, and will cover other folate-sensitive birth defects. CHD, congenital heart disease; SPCC, Shanghai

Preconceptional Cohort.

function, and liver and Kkidney functions. Lastly, the
maternal and neonatal data at delivery were obtained
from the Shanghai Neonatal CHD Screening Platform,
including birth weight, CHD diagnosis, birth defects and
Apgar score. Additionally, we will work with the Shanghai
Student Health and Fitness Surveillance Center to obtain
outcome data. The personal national identification card
numbers of the participants are applied as index variables
through multiple data sources. The detailed variable list
and codebook of data collection are presented in online
supplementary appendix 1.

During the first phase of the cohort, from preconcep-
tion to delivery, comprehensive strategies were used to
retain participants in the study. For mothers, we provided
a variety of engagement activities, including green
channel (fast track) to their antenatal care, to provide
convenience and to save their time in hospitals. We also
provided a contact number on the participant card to
answer their calls or queries about the study procedures.
Site investigators at early-pregnancy clinics in collabora-
tive hospitals were provided a smartphone application to
help timely identification of recruited cohort participants
and to manage data and blood sample collection proce-
dures. We also provided green channel echocardiography
for diagnosing CHD in all site hospitals to enhance the
compliance of participants. Moreover, an automated text
message system was adopted to remind participants of
schedules and follow-up appointments.

Study measures

Personal characteristics questionnaires

As shown in figure 1, questionnaire 1 was administered
during recruitment at preconception examination sites,
and questionnaire 2 was administered at early-pregnancy
sites to collect information on the consumption of folic

acid and vitamin supplements, and on the brand and
content of nutritional supplement. Information on the
demographics, maternal education, sociodemographic
status, occupation, smoking status, alcohol consumption,
body mass index, medication and health status was also
included. In addition to the content of questionnaire
1, questionnaire 2 added drug information, reproduc-
tive history and health status. Questionnaire 1 for base-
line and questionnaire 2 for the first antenatal visit at
early pregnancy are presented in online supplementary
appendix 2A,B.

Blood sample collection

In this study, the remaining blood samples for routine
clinical blood examination were collected. The blood
sample for routine clinical examination was usually 5 mL
and was extracted in the morning. Routine clinical blood
examination was performed at room temperature (20°C—
25°C). The remaining samples (fasting serum and EDTA
anticoagulation) of peripheral venous blood from routine
laboratory clinical blood examination were retained.
These blood samples were temporarily stored in a refrig-
erator at 4°C for dispensing within 6 hours. After comple-
tion of blood sample distribution, the serum and whole
blood were stored at the site laboratory in a refrigerator at
-20°C and then transported by three trained investigators
to the central laboratory for storage in freezers at -80°C
for 2 weeks. Sampling tubes were made of a light-proof
material, and the process of collecting blood samples was
completely protected from light.

Examination of key nutritional factors in blood samples
The examinations will be conducted in participants selected
by nested case—control designs based on specific aims.
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RBC folate, serum folate, serum homocysteine, vitamin D, vitamin
B,, and serum ferritin

EDTA anticoagulated blood samples were collected to
measure RBC folate, serum folate, serum homocysteine,
vitamin D, vitamin B,, and serum ferritin. All six biomarkers
were analysed using electrochemiluminescence assays
(ARCHITECT i2000SR Analyzer; Abbott Laboratories,
USA). A standard solution with known level (produced by
Abbott Laboratories) was used daily to control the quality
before the measurement. If the quality control level was
out of range, the measurement would be suspended and
adjusted. External quality control was conducted with the
control laboratory data programme from Abbott Labora-
tories (Abbott Laboratories, Shanghai, China). RBC folate
levels were adjusted for haematocrit. If the RBC folate
level is <126.0 or >651.1 ng/mL, adjustment was needed
based on the serum folate level. The haematocrit data were
extracted from the hospital laboratory information system.
These examinations were performed in the central labora-
tory of the Children’s Hospital of Fudan University.

Vitamins A and E

The serum vitamin A and E levels were quantitatively deter-
mined by liquid chromatography-tandem mass spectrom-
etry (LC-MS/MS) in the central laboratory of the Children’s
Hospital of Fudan University. The testing instrument was
triple quadrupole mass spectrometer LC-MS/MS system
(APT 3200MDTM, AB Sciex Pte). A standard solution of
vitamin A-d6 and E-d6 was applied as an internal standard.

Glycaemic and lipid profiles

Fasting serum cholesterol, high-density lipoprotein, low-
density lipoprotein, triglyceride and glucose levels were
measured using the Beckman Coulter AU chemistry anal-
ysers (Beckman Coulter, USA) in the central laboratory of
the Children’s Hospital of Fudan University.

Metals

Serum levels of Mg, Fe, Zn, SE, Mn, As, Cu and Ca were
analysed by inductively coupled plasma mass spectrom-
etry (Inductively Coupled Plasma Optical iCAP6300;
Thermo Scientific, USA) in standard mode.?’ The metal
examination was conducted in the Instrumental Anal-
ysis Centre of Shanghai Jiao Tong University, which is a
national key laboratory.

Genomic DNA extraction

Genomic DNA of all participants was extracted using a
magnetic bead-based kit (TGuide M16 Automatic Nucleic
Acid Extractor (OSE-M16); Tiangen Biotech (Beijing) Co.,
China) from 2 mL of EDTA anticoagulated whole blood
sample after routine blood examination. Genomic DNA
samples were stored for future studies. An average of 150
ng DNA was available. Similar to that of blood chemicals,
future genetic variant genotyping will be performed in
selected participants according to the nested case—control
design for specific aims. Currently, there are no candidate
genes or variants that are listed.

Outcomes: CHD in neonates

The diagnosis of CHD was the primary outcome of the
study at this stage and was obtained from the Shanghai
Neonatal CHD Screening Platform, which was initiated as
a routine screening tool for newborns in Shanghai since 1
June 2016. The standard protocol of CHD screening in the
platform was previously described in detail.*' All newborns
underwent the screening using a double-index method (e,
cardiac murmur auscultation and pulse oximetry) at 6-72
hours after delivery, and screening-positive newborns would
undergo subsequent echocardiography for further confir-
mative diagnosis.

SPCC will also collect data on other birth defects as
secondary outcomes, including Down’s syndrome, neural
tube defects, hydrocephalus, digestive tract malformations,
urinary malformations and behavioural-cognitive devel-
opmental disorder. After delivery, the infants underwent
routine childcare procedures organised by the Shanghai
Child Healthcare System, which are administered by the
Shanghai Center for Women and Children’s Health. All
records of birth defects, which were diagnosed after birth,
as well as routine neurodevelopmental examinations and
longitudinal anthropometric data, were abstracted from
the system by a professional clinical team from the Chil-
dren’s Hospital of Fudan University (for details of the types
of birth defects, please see online supplementary appendix
3)

Statistical methods

To investigate the association of maternal preconception
nutrition factor levels with offspring CHD risk, a nested
case—control study was conducted. The control was
matched by age and site.

The sample size for the nested case—control analysis
was planned as 180 CHD cases and 720 matched controls
to detect maternal folate deficiency with a prevalence of
50% in controls (with an OR of 1.6) to achieve a power
of 80% at an alpha of 0.05. Based on a CHD incidence
>8.94 per 1000 live births, 20 000 pregnancies were
needed. For a continuous nutrient variable with SD of
2.0, 50 matched pairs (1:4) were required to achieve 90%
power to detect an OR of 1.3, calculated using condi-
tional logistic regression with a 0.05 significance level ****
Once a sufficient number of CHD cases were achieved,
the quantitative association of preconception RBC folate
levels with CHD development using nested case—control
design was investigated.

Conditional multivariate logistic regression was used in
the association analysis with offspring CHD status being
the dependent variable and nutrition factor levels as expo-
sure variables, after adjustment for all potential paternal
and maternal covariates. ORs and 95% CIs were reported.
To explore a potential cut-off point of the nutrition factor
levels that significantly increases the risk of CHD, a dummy
variable was set by categorising the maternal preconcep-
tion nutrition factor levels based on the distribution of
the control group. The dose-response relationship was
also analysed. Sensitivity analysis included non-conditional
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logistic regression analysis or generalised estimating equa-
tion models or generalised linear models, when necessary.

FINDINGS TO DATE

The SPCC started recruitment in March 2016. As shown
in figure 2, by December 2018, we consecutively recruited
19 144/19 563 (97.9%) participants at preconception
settings, including 8045 couples and 3054 single women,
and an additional 15 615/16 201 (96.4%) pregnant women
at maternity hospitals with a gestational age f 0o<14 weeks.
Table 1 describes the basic demographic characteristics
of the preparing-for-pregnancy participants and pregnant
women. The average age of the preconception population
was 29.9 (SD 3.9) years forwomen and 31.4 (SD 4.5) years for
men; 31.4% of men and 2.2% of women were smokers; and

61.4% of men and 30.9 of women had an alcohol drinking
habit. In pregnant women, the average age was 29.9 (SD
4.0) years, with half having their first pregnancy. Precon-
ception women were similar in age but different in educa-
tion levels and occupation. The prevalence of smoking and
alcohol drinking was much lower. The descriptive data of
table 1 are partly included in another manuscript.

By the end of December 2018, the last participants
recruited atearly pregnancywere due for delivery; however,
we have obtained birth records of only 12 402 newborns.
The follow-up of outcomes of the remaining participants
are ongoing (shown in figure 2). A total of 151 cases of
CHD were identified through the CHD screening plat-
form: 131 cases from the early-pregnancy sample and the
remaining 20 cases from the preconception sample. The

Preconception
Eligible for study:
n = 19563 participants

Pregnancy
Eligible for study:
n = 16201 women

=
=
[}
=
o
A

Excluded (n = 340) Excluded (n = 576)

refuse to participant: [« refuse to participant:

n =340 (2.1%) n=576 (3.6%)

Periconception baseline population
N=34759
E Enrolledz.n =_ 19144 Enrolled: n = 15615
= -Couples: n = 8045
§ -Single women: n = 3054 (March 2016 to May 2018)
A (March 2016 to December 2018)
v y
—I;Iu:mlbseg gofpregnancy: -Birth outcome data available:
8 | -Number of delivery: n- 12402 .
B n =975 -Birth outcome data unavailable:
S B n = 3213 (under investigation)
= Eﬁﬁrﬁi}; ig ICgIzID n=20 -Number of CHD : n =131
(By December 2618) (By December 2018)

Figure 2 Flowchart showing that by December 2018, we consecutively recruited 19 144/19 563 (97.9%) participants at
preconception settings, including 8045 couples and 3054 single women at prepregnancy sites, and additional 15 615/16 201
(96.4%) pregnant women at maternity hospitals with a gestational age of <14 weeks were recruited. By the end of December
2018, the last participants recruited at early pregnancy were due for delivery. We have achieved birth records of 12 402
newborns in the Maternal Clinic Antenatal Medical Record System. The follow-up of outcomes of the remaining participants is
ongoing. A total of 151 cases of CHD were identified through the Shanghai Neonatal CHD Screening Platform: 131 cases from
the early-pregnancy sample and the remaining 20 cases from the preconception sample. The prevalence of CHD in live births is
10.5%0 (131/12 402) based on the present available data. In the preconception sample, from March 2016 to May 2018 (the latest
data extraction in the Maternal Clinic Antenatal Medical Record System), the numbers of pregnancies and deliveries were 1538

and 975, respectively. CHD, congenital heart disease.
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prevalence of CHD in live births is 10.5%o0 (131,/12402)
based on the present available data.

We conducted a small pilot study in April 2017 to deter-
mine blood levels of nutritional factors, including serum
folate, RBC folate, vitamin A, vitamin E and vitamin D. The
blood samples from 627 women were selected consecu-
tively from the preconception sample according to those
who were identified as pregnant. Additionally, 597 women
who were consecutively recruited from the antenatal care
clinics were selected. As shown in table 2, the median RBC
folate levels were 247.0 ng/mL (IQR 184.8-340.5 ng/mL)
in preconception women and 417.4 ng/mL (IQR 308.6-
544.2 ng/mL) in early-pregnancy women. Moreover, 20.0%
of preconceptional participants and 44.9% of pregnant
participants had a folate level of >400 ng/mL, which was
suggested as the optimal level for preventing neural tube
development defects.*** These results suggest that effort is
urgently needed to improve folic acid supplementation in
the preparing-for-pregnancy population, especially before
pregnancy.

Based on the SPCC, the possible scope of research ques-
tions and available types and number of biosamples and
biomarkers that can be examined are shown in table 3.

FUTURE PLANS

We have a complete plan to follow up offspring until the
age of 18 years. The cohort will be financially supported
by different grants. The current manuscript focuses on the
first phase, the establishment of the baseline and our first
main outcome, CHD. The data collection plan for infants
and children (from birth to 6 years (preschool stage) and
from 6 to 18 years (school age)) is included. During the
stage of 0-6 years, the neurodevelopmental data will be
collected from routine childcare clinical visits at birth; at
6 weeks; and at 6, 12, 36 and 60 months through the coop-
erating medical institutions. Physical measurement data
and dietary intake information can also be collected at
this stage. During the stage of 6-18 years, we plan to follow
up on their growth (height, weight and blood pressure),
mainly relying on the annual physical examination results
of the Shanghai Student Health and Fitness Surveillance
Center System. Multiple outcomes for children, including
growth and development, cardiovascular diseases, neuro-
development, metabolic diseases, obesity and hyperten-
sion, will be investigated. Please see online supplementary
appendix 4 for details.

STRENGTHS AND LIMITATIONS

Compared with existing birth cohorts, there are three
important strengths in our cohort. First, the SPCCis the first
prospective birth cohort with CHD as primary outcome and
recruitment starting from preconception. Blood samples
were collected and stored, which allows direct measure-
ment of individual exposure levels before the development
of CHD and causal inference. Temporal sequence of expo-
sures and outcomes can be achieved for causal inference
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Table 2 Distributions of biomarkers in women before and at early gestation (pilot study)

Preconception

Early pregnancy

Biomarker n

Level n Level

Serum folate (ng/mL), median (IQR) 620
Red blood cell folate (ng/mL), median 570
(IQR)

Homocysteine (umol/L), median (IQR) 624
Vitamin B,, (pg/mL), median (IQR) 625
Vitamin D (ng/mL), mean+SD 607

9.7 (6.5-13.8) 577
247.0 (184.8-340.5) 587

14.5 (11.2-16.4)
417.4 (308.6-544.2)

6.5 (5.2-8.6) 599 4.2 (3.5-5.2)
495.2 (394.2-639.0) 600 388.5 (289.4-511.4)
16.36.0 578 15.5+6.1

of birth defects and other diseases that develop during the
early stage of gestation. To date, no published studies have
measured maternal blood folate levels before conception
and associated it with disease outcomes. Second, this cohort
also allows the investigation of associations between peri-
conceptional maternal and paternal nutrition exposures
and other birth defects, early-onset diseases and neuro-
developmental outcomes. Preconception blood samples
were appropriately collected and stored, which allows the
examination of individual blood levels of nutritional factors
and other exposures. Lastly, both paternal and maternal
clinical data and blood samples before conception were
collected, which will allow for the testing of the effects of
both maternal and paternal genetic and nutritional factors
on fetal and paediatric diseases.

Three limitations of this cohort study should be
considered. First, there are approximately 200 000 preg-
nant women giving birth annually in Shanghai, and

approximately 20 000 of them will participate in the free
preconception care in Shanghai, where participants were
recruited consecutively. Although the response rate was
high (>95%), preconception participants were recruited
from a population who voluntarily presented in Shanghai
preconception physical examination sites, who may have
a stronger willingness for a healthy pregnancy. This may
induce selection bias. Second, in this study, biological
samples (cord blood and placenta) of the newborns are
not collected. We plan to obtain new informed consent to
the family who are willing to participate in future studies
to collect biological samples not previously mentioned.
Furthermore, electrochemiluminescence assay was used to
examine serum and RBC folate levels, which are different
from the widely used microbiological assay. This will not
result in bias in the association analysis, but comparison
with international populations needs caution.

Table 3 Biosamples collected and biomarkers that can be examined in the Shanghai Preconceptional Cohort

Time

Biosamples available in Available sample type and Preconception+early

participants volume pregnancy (baseline) 24-28 weeks 32-36 weeks

Mother (n=25 487) (n=8668) (n=7522)
Serum, 600 pL Yes Yes Yes
Whole blood, 1 mL Yes Yes Yes
Genomic DNA, 150 ng Yes Yes Yes

Father (n=7151) - -
Serum, 600 pL Yes NA NA
Whole blood, 1mL Yes NA NA
Genomic DNA, 150 ng Yes NA NA

Child NA

Scope of research questions: (1) quantitative association of preconception key nutrition factor levels (eg, serum and RBC folates and related
biomarkers, such as homocysteine and vitamin B,,) with congenital heart disease, currently, and other folate-sensitive birth defects; (2)
quantitative association of periconceptional maternal and paternal key nutrition factor levels (preconception and dynamic levels during
gestation) with important maternal and neonatal gestational complications, neurodevelopment of infants, childhood obesity and clinical
paediatric diseases; (3) periconceptional maternal and paternal folate levels with autism spectrum disorder, allergy and asthma in children.
Biomarkers that will be examined in different types of biosamples: (1) biomarkers based on serum sample: (a) folate and related markers:
serum folate and homocysteine; (b) other vitamins: vitamin A, vitamin B,,, vitamin E and vitamin D; (c) macrometals and micrometals: Mg, Fe,
Zn, Se, Mn, As, Cu and Ca (in mg/L); (d) serum ferritin; (e) fasting glycaemic and lipid profiles: fasting glucose, total cholesterol, triglyceride,
high-density lipoprotein and low-density lipoprotein; (2) whole blood sample: RBC folate; and (3) genomic DNA sample: candidate genetic
variants or genome-wide variants are possibly examined.

NA, not applicable; RBC, red blood cell.
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COLLABORATION

Investigators with an interest in hypotheses related to
SPCC (who meet the requirements of current approvals)
are welcome to contact Dr Guoying Huang or Weili Yan. A
‘research collaboration application’ should be sent to the
corresponding author by email. The application should
include a brief description of the project.
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