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Abstract

Objective: To explore if there is association between vitamin D supplementation through
cod liver oil ingestion around the periconceptional period and the risk of developing severe
CHD in offspring. Furthermore, we would examine the interaction between vitamin D and folic
acid supplementation in the association. Methods: A case–control study was conducted in
Shanghai Children’s Medical Center, in which, a total of 262 severe CHD cases versus 262 con-
trols were recruited through June 2016 to December 2017. All children were younger than
2 years. To reduce potential selection bias and to minimise confounding effects, propensity
score matching was applied. Results: After propensity score matching, vitamin D supplemen-
tation seemed to be associated with decreased odds ratio of severe CHD (odds ratio= 0.666;
95% confidence intervals: 0.449–0.990) in the multivariable conditional logistic analysis.
Furthermore, we found an additive interaction between vitamin D and folic acid supplemen-
tation (relative excess risk due to interaction= 0.810, 95% confidence intervals: 0.386–1.235) in
the association. Conclusion: The results suggested that maternal vitamin D supplementation
could decrease the risk of offspring severe CHD; moreover, it could strengthen the protective
effect of folic acid. The significance of this study lies in providing epidemiological evidence that
vitamin D supplementation around the periconceptional period could be a potential nutritional
intervention strategy to meet the challenge of increasing CHD.

CHD is the most common congenital anomaly in newborns and has been the major cause of
infant death.1 The aetiology of CHD remains largely unclear. It was estimated that only
approximately 15% cases of CHD can be explained by chromosomal aneuploidies and defects
in single genes.1 In recent decades, maternal nutrition during pregnancy has been confirmed to
be related to cardiac development in offspring.2 As an example, accumulating evidence has
demonstrated that periconceptional folic acid supplementation is an effective intervention strat-
egy to decrease the risk of CHD development in their offspring.3,4

Recently, several studies reported that vitamin D plays a key role in cardiac development
during the embryonic period.5,6 Data from cell assay and a zebrafishmodel revealed that vitamin
D can promote cardiac differentiation by modulating the Wnt signalling pathway, and the lack
of the vitamin D receptor can lead to cardiac laterality defects.5,6 Furthermore, it has also been
reported that vitamin D deficiency is prevalent in children with CHD.7 Serum level of vitamin D
is mostly influenced by sun exposure and diet.8,9 Cod liver oil is an important source of dietary
vitamin D in China.8,9 It has been reported that low ambient ultraviolet radiation B level is
prevalent in many areas of China, especially during winter months, which would restrict the
acquisition of vitamin D from sun exposure.8,9 In addition, approximately 74.9% of Chinese
pregnant women might be vitamin D deficient, and cod liver oil has been recommended as
a good vitamin D supplement.9,10

Based upon the above, we speculate that vitamin D supplementation through cod liver oil
ingestion around the periconceptional period could be another nutritional intervention strategy
to decrease the risk of developing CHD. However, to date there is little epidemiological evidence
to establish this relationship. In the present study, it was hypothesised that maternal use of cod
liver oil during the periconception period is negatively associated with the development of CHD
in their offspring. We examined and verified our hypothesis based on a hospital-based case–
control study in which the association of cod liver oil use alone, or the joint use with folic acid
supplementation, with the incidence of CHD was respectively evaluated.
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Materials and method

Study design and subjectspatients

A hospital-based case–control study was conducted in Shanghai
Children’s Medical Center through June 2016 to December
2017. Sample size was estimated by the following calculations:11
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In formulas, P0= proportion of events in the control group,
OR = odds ratio of events, P1= proportion of events in the case
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the standard normal distribution corresponding to β.
In our preliminary study, 24.0% of pregnant women used cod

liver oil supplements. Compared to those mother who did not use
cod liver oil as supplements, odds ratio for the risk of offspring
CHD was 0.432 in mothers who used cod liver oil supplements.
Therefore, 0.24 and 0.432 were taken as the estimates of P0 and
odds ratio of events, respectively. In total, 214 cases versus 214 con-
trols were calculated to be the minimum sample size to achieve
appropriate statistical power (α= 0.05, β= 0.1). In this study,
262 children with severe CHD, along with 262 control children
without any birth defects, were enrolled. The detailed information
of the case–control study has been described elsewhere.12

The CHD diagnoses were based on the codes of the
International Classification of Diseases, the Tenth Revision,
Clinical Modification. A team of experts, including paediatric car-
diothoracic surgeons and fetal ultrasonologists, evaluated and
ensured the accuracy of the final diagnosis. Severe CHD in this
study included tetralogy of Fallot (n= 97, 37.0%), transposition
of the great arteries (n= 32, 12.2%), functional single ventricle (n
= 23, 8.8%), pulmonary atresia (n= 17, 6.5%), single atrium
(n= 10, 3.8%), atrioventricular septal defect (n= 10, 3.8%), tricus-
pid atresia (n= 9, 3.4%), total anomalous pulmonary venous
connection (n= 8, 3.1%), double-outlet right ventricle (n= 6,
2.3%), hypoplastic left heart syndrome (n= 6, 2.3%), congenital
mitral stenosis (n= 6, 2.3%), persistent truncus arteriosus
(n= 6, 2.3%), interrupted aortic arch (n= 6, 2.3%), and others
(n= 26, 9.9%) with reference to the classification of previous
studies.13 All the sampled children with severe CHD survived after
birth and were younger than 2 years old.

The children in the control group were recruited from the chil-
dren admitted into the same hospital during the same period when
the cases were recruited. Among the 262 controls, 132 came from
paediatric respiratory medicine, 91 from paediatric general sur-
gery, and 39 from paediatric gastroenterology. Similar to the cases,
all children in the control group were younger than 2 years old.

Children with any of the following conditions were excluded
from the study: (1) cases with other congenital deformities except
CHD, such as Down syndrome, 22q11.2 microdeletion, Noonan
syndrome, Williams syndrome, Marfan syndrome, and so on;
(2) death of the mother; (3) mother diagnosed with mental disor-
ders; and (4) inability to locate the mother for interview.

Measures

Information on socio-demographic characteristics and parental
health-related behaviours was retrospectively collected through
the Parental Behaviours and Environmental Exposure
Questionnaire, a self-made questionnaire used in our previous
study.12 For both cases and controls, only those mothers who
signed the informed consent were invited to fill out the question-
naires whilst in hospital.

In this study, maternal folic acid and cod liver oil supplemen-
tation were evaluated by two items in the Parental Behaviours and
Environmental Exposure Questionnaire. One was regarding
maternal folic acid supplementation: “how often did you take folic
acid supplements around the periconceptional period?”, and the
other one was related to cod liver oil supplementation: “how often
did you take cod liver oil capsules around the periconceptional
period?”. Periconceptional period was defined as during 1 month
before pregnancy and throughout the gestation. The responses to
the two questions were rated on a three-point scale: “occasionally/
never” for <1 day per week on an average, “frequently” for
1–3 days per week on an average, and “almost always” for ≥4 days
per week on an average. To implement the propensity score
matching analysis and explore the additive interaction between
folic acid and cod liver oil, maternal folic acid supplementation
was classified as two categories: regular folic acid supplementation
if the responses were “frequently” or “almost always”, and none if
the response was “occasionally/never”; and maternal cod liver oil
supplementation was classified as two categories: regular cod liver
oil supplementation if the responses were “frequently” or “almost
always”, and none if the response was “occasionally/never”.

Potential confounding variables

Maternal ethnicity was categorised as Han ethnicity versus others;
maternal age at delivery was grouped into two categories:
<35 years old versus ≥35 years old; maternal educational level
was grouped into three categories: middle school and below, high
school, and college and above; marital status was categorised as
married versus unmarried/divorced/widowed; residence was cate-
gorised as urban versus suburban/rural; maternal pre-pregnancy
obesity was grouped into two categories: yes versus no (obesity
was defined as body mass index ≥28;14 body mass index was cal-
culated as weight in kilograms divided by height in meters squared,
based on pre-pregnancy height and weight), multiple birth was
grouped as yes versus no; family history of CHD was grouped as
yes versus no; infant gender was categorised as male versus female;
maternal pre-pregnancy diabetes (defined as pre-gestational diabe-
tes, yes versus no) and/or maternal pre-pregnancy hypertension
(defined as pre-gestational hypertension, yes versus no); maternal
smoking (defined as smoking before and/or during pregnancy, yes
versus no); and maternal drinking (defined as drinking before and/
or during pregnancy, yes versus no).

Statistical analysis

Statistical description was made by using percentages for categori-
cal variables, and the chi-square test and Fisher’s exact test were
employed to compare the difference between cases and controls.

To identify the relationship of maternal folic acid and cod liver
oil supplementation with the risk of CHD, the odds ratio and 95%
confidence intervals were calculated through univariable and mul-
tivariable logistic regression models. Adjustments were made in
the multivariable logistic regression models. Model A was adjusted
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for demographic and obstetric characteristics. Model B, based on
model A, was further adjusted for maternal health indicators and
behaviours, including pre-pregnancy diabetes/hypertension and
smoking/drinking. To reduce the interference with each other
within those taking folic acid and cod liver oil, model C was further
adjusted for folic acid or cod liver oil supplementation on the basis
of model B. To examine the combined effect of the two supplemen-
tations, the relative excess risk was used to evaluate the additive
interaction.

Furthermore, the present study adopted a propensity score
method for matching, to reduce potential selection bias and to
balance demographic differences and other confounding
variables.15 A multivariable logistic regression model was devel-
oped to estimate the propensity score for mothers who used cod
liver oil supplementation or not. All the potential confounding var-
iables related to CHD, including maternal ethnicity, maternal age
at delivery, maternal education, marital status, residence, maternal
pre-pregnancy obesity, multiple births, infant gender, family his-
tory of CHD, pre-pregnancy diabetes, hypertension, smoking/
drinking, and folic acid supplementation, were included in the
logistic regression model for minimising the confounding effects
and estimating the independent impact of cod liver oil. In this pro-
pensity-score-matched analysis, mothers who did not use cod liver
oil supplementation were matched 1:1 to mothers who used cod
liver oil supplementation. The propensity score matching was
based on a greedy nearest neighbour-matching algorithm on
propensity score with a calliper equalling to 0.1. Standardised
mean difference was applied to examine the balance of covariate
distribution between mothers who used, and those who did not
use, cod liver oil supplementation.16 A standardised mean differ-
ence smaller than 0.1 can be considered to be balanced between
the two groups.16 Meanwhile, a multivariable conditional logistic
regression was applied in the matched data.

We conducted the propensity score and additive interaction
analyses using R version 3.5.1 (The R Foundation for Statistical
Computing). All other analyses were performed with the
Statistical Package for the Social Sciences (SPSS Statistics v23.0;
IBM, Chicago, Illinois, United States of America). Statistical sig-
nificance level was set at p value <0.05.

Results

The characteristics of the sample

Table 1 summarises sample characteristics bymothers who used or
not used cod liver oil supplementation. The standardisedmean dif-
ference of variables, including maternal education level, multiple
births, family history of CHD, regular folic acid use, and CHD
in offspring, was greater than 0.1 before propensity score matched.
These covariates were well balanced after further propensity score
matching (all standardised mean difference <0.1). In addition, the
description of sample characteristics by cases versus controls was
shown in supplemental materials (Supplementary Table S1).

The associations of cod liver oil and folic acid with
severe CHD

Table 2 explores the associations of cod liver oil and folic acid sup-
plementation around the periconceptional period with CHD in
offspring. Before propensity score matching, it was found that
regular folic acid supplementation (odds ratio= 0.441, 95% confi-
dence intervals: 0.287–0.678) and cod liver oil supplementation
(odds ratio= 0.642, 95% confidence intervals: 0.419–0.983)

around the periconceptional period were negatively associated
with severe CHD. After controlling for demographic and mater-
nity characteristics, regular folic acid supplementation remained
negatively associated with severe CHD in the final full adjusted
model (odds ratio = 0.555, 95% confidence intervals: 0.348–0.885).
Moreover, the possible dose–response associations of folic acid or
cod liver oil supplementation during the periconceptional period
with severe CHD in offspring were examined in supplemental
materials (Supplementary Table S2). A significant dose–response
trend was shown for both folic acid and cod liver oil use; however,
after being adjusted for confounding variables, the trend only
existed for folic acid.

After propensity matching, a total of 107 matched pairs were
obtained, in which folic acid was well balanced. Regular cod liver
oil supplementation around the periconceptional period was still
negatively associated with severe CHD (odds ratio= 0.666, 95%
confidence intervals: 0.449–0.990) within the matched pairs.

The combined effects of cod liver oil and folic acid
on severe CHD

The combined effects of cod liver oil and folic acid supplementa-
tion on CHD are shown in Table 3. The odds ratio of using folic
acid supplementation alone was 0.461; however, when cod liver oil
and folic acid supplementation were used simultaneously, the odds
ratio decreased to 0.327. After controlling for demographic and
maternity characteristics, the decreasing trend was still there, sim-
ilarly after propensity score matching. The relative excess risk due
to interaction was significant (relative excess risk due to interaction
= 0.810, 95% confidence intervals: 0.386–1.235) after propensity
score matching, indicating there was a positive additive interaction
between cod liver oil and folic acid.

Discussion

The present study, for the first time, explored the associations
between maternal use of cod liver oil, a kind of vitamin D supple-
ment, during the periconceptional period and the offspring’s risk
of CHD. Of note is that an interaction of regular cod liver oil and
folic acid supplementation and the risk of CHD was identified.
This study provides epidemiological evidence to confirm that vita-
min D might be involved in embryonic heart development.

A systematic review reported that the global incidence of CHD
has approximately increased 15 times, from 0.6‰ during 1930–
1934 to 9.1‰ in 1995, based on 114 studies worldwide over
the past 60 years.17 In China, this rising trend similarly exists,
and the prevalence of CHD among newborns has reached up to
11.1‰.18 Therefore, CHD has been a crucial public health chal-
lenge all around the world and in China as well. Growing attention
should be focused on preventive measures to face up to this chal-
lenge, and maternal nutritional supplements could be a practical
candidate. For instance, folic acid supplementation during the
periconceptional period was a common traditional way to prevent
neural tube defects.2,19–21 In recent years, a consensus has been
reached that folic acid supplementation during pregnancy could
decrease the risk of offspring’s CHD, and it has been recommended
as a nutritional supplement for preventing CHD.2,19–21 In the
present study, the protective effect of gestational folic acid supple-
mentation on the risk of offspring’s CHD was similarly identified.

Cod liver oil is a rich source of vitamin D.22 Studies on embryo
development have suggested that vitamin D is essential for normal
embryonic development in vitro.23–26 To the best of our knowledge,
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Table 1. The description of sample characteristics of CLO and NCLO (n, %)

Unmatched Matched

CLO (n= 109) NCLO (n= 415) SMD CLO (n= 107) NCLO (n= 107) SMD

Maternal ethnicity

Han 104, 95.4 402, 96.9 0.076 102, 95.3 102, 95.3 <0.001

Other 5, 4.6 13, 3.1 5, 4.7 5, 4.7

Maternal age at delivery

<35 years old 97, 89.0 376, 90.6 0.053 95, 88.8 96, 89.7 0.03

≥35 years old 12, 11.0 39, 9.4 12, 11.2 11, 10.3

Maternal education

Middle school and below 27, 24.8 132, 31.8 0.157 27, 25.2 29, 27.1 0.045

High school 25, 22.9 85, 20.5 24, 22.4 24, 22.4

College and above 57, 52.3 198, 47.7 56, 52.3 54, 50.5

Marital status

Married 107, 98.2 403, 97.1 0.07 105, 98.1 104, 97.2 0.062

Unmarried/divorced/widowed 2, 1.8 12, 2.9 2, 1.9 3, 2.8

Residence

Urban 59, 54.1 206, 49.6 0.09 57, 53.3 60, 56.1 0.056

Suburban/rural 50, 45.9 209, 50.4 50, 46.7 47, 43.9

Maternal pre-pregnancy obesity

Yes 6, 5.5 20, 4.8 0.031 5, 4.7 5, 4.7 <0.001

No 103, 94.5 395, 95.2 102, 95.3 102, 95.3

Multiple births

Yes 8, 7.3 44, 10.6 0.114 8, 7.5 7, 6.5 0.037

No 101, 92.7 371, 89.4 99, 92.5 100, 93.5

Infant gender

Male 68, 62.4 260, 62.7 0.005 67, 62.6 68, 63.6 0.019

Female 41, 37.6 155, 37.3 40, 37.4 39, 36.4

Family history of CHD

Yes 2, 1.8 15, 3.6 0.109 2, 1.9 2, 1.9 <0.001

No 107, 98.2 400, 96.4 105, 98.1 105, 98.1

Diabetes/hypertension

Yes 4, 3.7 11, 2.7 0.058 4, 3.7 3, 2.8 0.053

No 105, 96.3 404, 97.3 103, 96.3 104, 97.2

Smoking/drinking

Yes 16, 14.7 50, 12.0 0.077 14, 13.1 12, 11.2 0.057

No 93, 85.3 365, 88.0 93, 86.9 95, 88.8

Regular folic acid use

Yes 97, 89.0 311, 74.9 0.372 95, 88.8 96, 89.7 0.03

No 12, 11.0 104, 25.1 12, 11.2 11, 10.3

CHD in offspring

Yes 45, 41.3 217, 52.3 0.222 44, 41.1 61, 57.0 0.320

No 64, 58.7 198, 47.7 63, 58.9 46, 43.0

CLO = mothers who used cod liver oil; NCLO = mothers who did not use cod liver oil; SMD = standardised mean difference
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Table 2. Associations of maternal folic acid and cod liver oil supplementation during periconceptional period with severe CHD in offspring

Before propensity score matched After propensity score matched

Cases
(n= 262)

Controls
(n= 262)

Crude OR
(95% CI)

Adjusted OR (95% CI)
Cases

(n= 105)
Controls
(n= 109)

Adjusted OR (95% CI)

Model A Model B Model C Model A Model B Model C

Folic acid

Regular
use

186 222 0.441 (0.287–0.678)*** 0.548 (0.347–0.867)* 0.530 (0.334–0.842)** 0.555 (0.348–0.885)* 88 103 0.738 (0.426–1.279) 0.695 (0.396–1.219) 0.696 (0.400–1.211)

None 76 40 1 1 1 1 17 6 1 1 1

Cod liver oil

Regular
use

45 64 0.642 (0.419–0.983)* 0.670 (0.428–1.048) 0.661 (0.422–1.035) 0.713 (0.453–1.123) 44 63 0.665 (0.448–0.987)* 0.662 (0.444–0.986)* 0.666 (0.449–0.990)*

None 217 198 1 1 1 1 61 46 1 1 1

Model A: adjusted for maternal ethnicity, maternal age at delivery, maternal education, marital status, residence, maternal pre-pregnancy obesity, multiple births, infant gender, and family history of CHD
Model B: based on model A, further adjusted for pre-pregnancy diabetes/hypertension, and smoking/drinking
Model C was based on model B, further adjusted for folic acid or cod liver oil supplementation
95% CI: 95% confidence intervals; OR: odds ratio
*p value <0.05
**p value <0.01
***p value <0.001

Table 3. The combined effects of maternal cod liver oil and folic acid use during the periconceptional period on the risk of severe CHD in offspring

Cod liver
oil use

Folic
acid use

Before propensity score analysis After propensity score matched

Cases Controls
Crude OR
(95%CI)

Adjusted OR (95% CI)
RERI

(95% CI) Cases Controls

Adjusted OR (95% CI)

RERI (95% CI)Model A Model B Model A Model B

No No 69 35 1 1 1 0.156 (−0.744–1.056) 10 1 1 1 0.810 (0.386–1.235)*

Yes 148 163 0.461 (0.290–0.732)** 0.557 (0.341–0.910)* 0.534 (0.325–0.879)* 51 45 0.594 (0.293–1.204) 0.553 (0.271–1.131)

Yes No 7 5 0.710 (0.210–2.400) 0.582 (0.163–2.073) 0.543 (0.152–1.944) 7 5 0.481 (0.175–1.319) 0.450 (0.162–1.253)

Yes 38 59 0.327 (0.184–0.581)*** 0.414 (0.226–0.758)** 0.396 (0.215–0.729)** 37 58 0.405 (0.195–0.838)* 0.386 (0.185–0.806)*

Model A: adjusted for maternal ethic, maternal age at delivery, maternal education, marital status, residence, maternal pre-pregnancy obesity, multiple births, infant gender, and family history of CHD
Model B: based on model A, further adjusted for pre-pregnancy diabetes/hypertension, and smoking/drinking
95% CI= 95% confidence intervals; OR = odds ratio; RERI = relative excess risk due to interaction
*p value <0.05
**p value <0.01
***p value <0.001
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there have been three experimental studies in animals and two epi-
demiological studies evaluating the impact of cod liver oil supple-
mentation during pregnancy on the growth and development of
the fetus.27–31 Although the information is still limited, the avail-
able evidence supports that maternal intake of cod liver oil during
pregnancy, in general, has a beneficial effect on the fetus.27–31 For
example, a prospective cohort study among 436 healthy women
found that maternal intake of cod liver oil in early pregnancy
was associated with a higher birthweight, after adjusting for the
length of gestation and other confounding factors.28 As far as we
know, to date our study is the only population-based study to
explore the association between maternal cod liver oil supplemen-
tation and the development of CHD in their offspring. We found
that regular cod liver oil use during the periconceptional period
was inversely associated with the risk of severe CHD after propen-
sity-score-matched analysis, in which selection bias has been
balanced. Our findings suggest the possibility that maternal cod
liver oil use might be involved in the embryonic cardiac develop-
ment and has prompted us to consider the health effect of maternal
cod liver oil use and to rethink prevention strategies for CHD. The
potential biological mechanism proposed supports our findings.
The crucial component of cod liver oil, vitamin D, was found to
play an important role in the promotion of cardiac differentiation
and maturation through the modulation of the Wnt signalling
pathway in cell models.5,6 The impairment of vitamin D receptor
could cause heart defects in the zebrafish embryo.5,6

More importantly, in the present study, we offer evidence that
maternal regular cod liver oil supplementation during the pericon-
ceptional period might to some extent strengthen the protective
effect of folic acid on the risk of developing severe CHD. The bio-
logical mechanisms of the combined effects are not clear. It may be
explained by the regulation of folate transport systems.32,33 The
reduced folate carrier and the proton-coupled folate transporter
are twomajor folate transport systems, which operate as antiporter
exchanging folates with intracellular organic phosphates and,
therefore, are responsible for folate transport and absorption in
the intestines, respectively.34–36 Previous studies have found that
vitamin D could increase the expression and activity of the reduced
folate carrier and the proton-coupled folate transporter, resulting
in enhanced intestinal absorption of folates and cellular folate
uptake.32,33 The protective effect of folic acid on CHDdevelopment
has been confirmed to be dose-dependent.19 Therefore, our present
findings could be of potential clinical significance.

To the best of our knowledge, this is the first study to focus on
the possible impacts of maternal vitamin D supplementation on
the risk of CHD in offspring. A negative association between
maternal vitamin D supplementation in the periconceptional
period and the development of severe CHD was identified.
Furthermore, we provide evidence that vitamin D could to some
extent enhance the protective effect of folic acid on the risk of
severe CHD. In this case–control study, the sampled children were
younger than 2 years old, which helped to control recall bias. In
addition, to reduce potential selection bias and minimise con-
founding effects, propensity score matching was applied. The con-
sistent results give strengthened evidence that maternal cod liver
oil supplementation might play a beneficial role in embryonic car-
diac development.

Several limitations should be acknowledged in interpreting the
results. First, information on nutritional supplements was not
detailed enough. The concentration of vitamin D in the cod liver
oil supplements was hard to ascertain, given multiple different
products available in China. The same is true for folic acid

supplementation. Not knowing maternal dosage means that we
were unable to further investigate a possible dose–response
relationship. Second, the sample size was too limited for further
stratified analyses. Third, recall bias is inevitable in a case–control
study. Fourth, cod liver oil contains both vitamin A and vitamin D,
so it was hard to eliminate the possible effect of vitamin A. A num-
ber of studies have proven that vitamin A also plays a role in car-
diac development.37,38 However, previous data have suggested the
prevalence of vitamin A deficiency in Chinese pregnant women
was quite low.39 Fifth, circulating 25-hydroxyvitamin D was not
assessed in this retrospective study, and thus it was not possible
to show actual vitamin D status. However, our findings still could
extend an insight into the association between vitamin D and
embryonic heart development from the epidemiological perspec-
tive. Sixth, information on the specific time in gestation when
the mothers took cod liver oil supplements was not collected, so
that identification of the effect window was unavailable. Finally,
there is the possibility of other not identified potential confounding
factors, even though a wide range of confounders have been taken
into account.

In conclusion, the findings of our study provide epidemiologi-
cal evidence for the relationship of maternal cod liver oil supple-
mentation with the development of severe CHD in their offspring,
and the concurrent use with folic acid could to some extent
enhance this protective effect. The study supports the important
role of vitamin D in embryonic heart development. The findings
also should be of clinically significance when considering a new
strategy for preventing the development of severe CHD.

Acknowledgements. We gratefully acknowledge the persons who took the
time to participate in our study. Collected data: Dr. Qihua Fu, Yimei Ma,
Sha Sha, Department of Shanghai Children’s Medical Center, Shanghai Jiao
Tong University School of Medicine.

Financial support. The study was funded by grants from the National Natural
Science Foundation of China (81874266, 81673183), key project from Shanghai
Municipal Science and Technology Commission (18411951600), the Science
and Technology Funds from Pudong New Area, Shanghai (PKJ2017-Y01),
the Research Funds from Shanghai Jiao Tong University School of Medicine
(20170509-1), and the Scientific Research Development Funds from Xinhua
Hospital, Shanghai Jiao Tong University School of Medicine (HX0251).

Conflict of interest. None.

Ethical standards. The ethical application and consent procedure of this study
were approved by the Ethics Committee of Shanghai Jiao Tong University
School of Medicine (Approval number: SJUPN-201717).

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951120002280

References

1. Bouma BJ, Mulder BJ. Changing landscape of congenital heart disease. Circ
Res 2017; 120: 908–922.

2. Liu S, Joseph KS, Luo W, et al. Effect of folic acid food fortification in
Canada on congenital heart disease subtypes. Circulation 2016; 134:
647–655.

3. Leirgul E, Gildestad T, Nilsen RM, et al. Periconceptional folic acid supple-
mentation and infant risk of congenital heart defects in Norway 1999–2009.
Paediatr Perinat Epidemiol 2015; 29: 391–400.

4. Czeizel AE, Vereczkey A, Szabo I. Folic acid in pregnant women associated
with reduced prevalence of severe congenital heart defects in their children:
a national population-based case-control study. Eur J Obstet Gynecol
Reprod Biol 2015; 193: 34–39.

1450 A. Zhao et al.

https://doi.org/10.1017/S1047951120002280 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951120002280
https://doi.org/10.1017/S1047951120002280


5. Kwon HJ. Vitamin D receptor signaling is required for heart development
in zebrafish embryo. Biochem Biophys Res Commun 2016; 470: 575–578.

6. Hlaing SM, Garcia LA, Contreras JR, Norris KC, Ferrini MG, Artaza JN.
1,25-Vitamin D3 promotes cardiac differentiation through modulation
of the WNT signaling pathway. J Mol Endocrinol 2014; 53: 303–317.

7. Graham EM, Taylor SN, Zyblewski SC, et al. Vitamin D status in neonates
undergoing cardiac operations: relationship to cardiopulmonary bypass
and association with outcomes. J Pediatr 2013; 162: 823–826.

8. Jin CH, Wang XY, Wu JX. Self-controlled study on the effect of vitamin D
supplementation on serum 25-hydroxyvitamin D level of breast-fed infants
in winter. Chinese J Clin Nutr 2013; 3: 168–171.

9. Yun C, Chen J, He Y, et al. Vitamin D deficiency prevalence and risk factors
among pregnant Chinese women. Public Health Nutr 2017; 20: 1746–1754.

10. Cortese M, Riise T, Bjørnevik K, et al. Timing of use of cod liver oil, a vita-
min D source, and multiple sclerosis risk: the EnvIMS study. Mult Scler
2015; 21: 1856–1864.

11. Jekel, JF, et al. Epidemiology, Biostatistics and Preventive Medicine.
Elsevier Health Sciences, Amsterdam, 2007.

12. Zhao A, Zhao K, Xia Y, et al. Exploring associations of maternal sleep dur-
ing periconceptional periodwith congenital heart disease in offspring. Birth
Defects Res 2019; 111: 920–931.

13. Yeh S, Chen H, Lu C, et al. National database study of survival of pediatric
congenital heart disease patients in Taiwan. J FormosMed Assoc 2015; 114:
159–163.

14. Zhou B, Coorperative Meta-Analysis Group Of China Obesity Task Force.
Predictive values of bodymass index andwaist circumference to risk factors
of related diseases in Chinese adult population. Zhonghua Liu Xing Bing
Xue Za Zhi 2002; 23: 5–10.

15. Austin PC. An introduction to propensity score methods for reducing the
effects of confounding in observational studies. Multivariate Behav Res
2011; 46: 399–424.

16. Zhang Z, Kim HJ, Lonjon G, et al. Balance diagnostics after propensity
score matching. Ann Transl Med 2019; 7: 16.

17. van der Linde D, Konings EE, SlagerMA, et al. Birth prevalence of congeni-
tal heart disease worldwide: a systematic review and meta-analysis. J Am
Coll Cardiol 2011; 58: 2241–2247.

18. Qu Y, Liu X, Zhuang J, et al. Incidence of congenital heart disease: the
9-year experience of the Guangdong registry of congenital heart disease,
China. PloS One 2016; 11: e0159257.

19. Mao B, Qiu J, Zhao N, et al. Maternal folic acid supplementation and
dietary folate intake and congenital heart defects. PloS One 2017; 12:
e0187996.

20. Xu A, Cao X, Lu Y, et al. Ameta-analysis of the relationship betweenmater-
nal folic acid supplementation and the risk of congenital heart defects. Int
Heart J 2016; 57: 725–728.

21. Viswanathan M, Treiman KA, Kish-Doto J, et al. Folic acid supplementa-
tion for the prevention of neural tube defects: an updated evidence report
and systematic review for the US Preventive Services Task Force. JAMA
2017; 317: 190–203.

22. Mai XM, Langhammer A, Chen Y, et al. Cod liver oil intake and incidence
of asthma in Norwegian adults – the HUNT study. Thorax 2013; 68: 25–30.

23. Wang S, HuangW, Castillo HA, et al. Alterations in retinoic acid signaling
affect the development of the mouse coronary vasculature. Dev Dyn 2018;
247: 976–991.

24. Cakstina I, Riekstina U, Boroduskis M, et al. Primary culture of avian
embryonic heart forming region cells to study the regulation of vertebrate
early heart morphogenesis by vitamin A. BMC Dev Biol 2014; 14: 10.

25. Cortes M, Chen MJ, Stachura DL, et al. Developmental vitamin D
availability impacts hematopoietic stem cell production. Cell reports 2016;
17: 458–468.

26. SundeML, Turk CM,DeLucaHF. The essentiality of vitaminDmetabolites
for embryonic chick development. Science 1978; 200: 1067–1069.

27. Stene LC, Ulriksen J, Magnus P, Joner G Use of cod liver oil during preg-
nancy associated with lower risk of Type I diabetes in the offspring.
Diabetologia 2000; 43: 1093–1098.

28. Olafsdottir AS, Magnusardottir AR, Thorgeirsdottir H, Hauksson A,
Skuladottir GV, Steingrimsdottir L. Relationship between dietary intake
of cod liver oil in early pregnancy and birthweight. BJOG 2005; 112:
424–429.

29. Kubow S. Inhibition of phenytoin bioactivation and teratogenicity by
dietary n-3 fatty acids in mice. Lipids 1992; 27: 721–728.

30. High KA, Kubow S. n-3 fatty acids inhibit defects and fatty acid
changes caused by phenytoin in early gestation in mice. Lipids 1994; 29:
771–778.

31. Joshi S, Rao S, Girigosavi S, DawareM, Kale A, HegdeM.Differential effects
of fish oil and folic acid supplementation during pregnancy in rats on cog-
nitive performance and serum glucose in their offspring. Nutrition 2004;
20: 465–472.

32. Eloranta JJ, Zair ZM, Hiller C, Hausler S, Stieger B, Kullak-Ublick GA.
Vitamin D3 and its nuclear receptor increase the expression and activity
of the human proton-coupled folate transporter. Mol Pharmacol 2009;
76: 1062–1071.

33. Alam C, Hoque MT, Finnell RH, Goldman ID, Bendayan R. Regulation of
Reduced Folate Carrier (RFC) by Vitamin D Receptor at the Blood-Brain
Barrier. Mol Pharmacol 2017; 14: 3848–3858.

34. Zhao R, Goldman ID. Folate and thiamine transporters mediated by
facilitative carriers (SLC19A1-3 and SLC46A1) and folate receptors. Mol
Aspects Med 2013; 34: 373–385.

35. Matherly LH, Hou Z. Structure and function of the reduced folate carrier a
paradigm of a major facilitator superfamily mammalian nutrient trans-
porter. Vitam Horm 2008; 79: 145–184.

36. Qiu A, JansenM, Sakaris A, et al. Identification of an intestinal folate trans-
porter and the molecular basis for hereditary folate malabsorption. Cell
2006; 127: 917–928.

37. Stefanovic S, Zaffran S. Mechanisms of retinoic acid signaling during car-
diogenesis. Mech Dev 2017; 143: 9–19.

38. Feng Y, Zhao LZ, Hong L, Shan C, ShiW, CaiW. Alteration in methylation
pattern of GATA-4 promoter region in vitamin A-deficient offspring’s
heart. J Nutr Biochem 2013; 24: 1373–1380.

39. Yang C, Chen J, Liu Z, Yun C, Piao J, Yang X. Prevalence and influence
factors of vitamin A deficiency of Chinese pregnant women. Nutr J
2016; 15: 12.

Cardiology in the Young 1451

https://doi.org/10.1017/S1047951120002280 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951120002280

	Periconceptional use of cod liver oil, a vitamin D source, could decrease the risk of CHD in offspring
	Materials and method
	Study design and subjectspatients
	Measures
	Potential confounding variables
	Statistical analysis

	Results
	The characteristics of the sample
	The associations of cod liver oil and folic acid with severe CHD
	The combined effects of cod liver oil and folic acid on severe CHD

	Discussion
	References


