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Abstract

The pathogenesis of congenital diaphragmatic hernia (CDH) is largely unknown; however, vitamin A seems to play a role in diaphragmatic
development. Previous case—control studies reported that maternal dietary vitamin A intake was inversely associated with the risk of CDH.
To our knowledge, however, there is no prospective evidence regarding this association. Our aim was to examine whether maternal intake
of vitamin A was associated with CDH occurrence. Baseline data, from the Japan nationwide birth cohort study (2011-2014) of 89 658 mothers
(mean age at delivery = 31-2 years) who delivered singleton live births, were analysed. We assessed dietary habits using an FFQ focused on the
first trimester and estimated the daily intake of total vitamin A (retinol activity equivalents), retinol, provitamin A carotenoids and vegetables. The
occurrence of CDH was ascertained from medical records. A total of forty cases of CDH were documented. The adjusted OR of CDH occurrence
for the high total vitamin A intake category (median = 468 pg/d) was 0-6 (95 % CI 0-3, 1-2) with reference to the low intake category (230 pg/d).
When we restricted to mothers with a prepregnancy BMI of 18:5-24-9 kg/m?, vitamin A intake was inversely associated with the risk of their
children being born with CDH (OR 0-5, 95 % CI 0-2, 1-0). Even given the limited number of cases in the study, our findings provide additional
evidence to link vitamin A with CDH.
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Congenital diaphragmatic hernia (CDH), which is characterised by
incomplete formation of the diaphragm during embryogenesis,
occurs in approximately one in 2500 live births”. Despite the
development of neonatal intensive care, roughly one in four infants
born with CDH in Japan die due to pulmonary hypoplasia and/or
pulmonary hypertension, which are the major complications of
CDH®. And even if they survive the life-threatening stage
of CDH, survivors typically experience pulmonary, cardiovascular,
gastrointestinal, neurodevelopmental or musculoskeletal morbid-
ities during the long-term follow-up period®. In addition, patients’
(i.e. children’s) long-term quality of life after treatment of congenital
anomalies such as CDH was related to the quality of life of their

mothers™. Therefore, we should explore the possibility of primary
prevention, to reduce as much as possible the number of infants
with CDH, in addition to focusing on reducing CDH-related mor-
bidity and mortality.

The pathogenesis of CDH is largely unknown; however,
vitamin A is known to play a role in diaphragm development®.
Since vitamin A is an essential nutrient for embryonic growth and
development, circulating vitamin A obtained from the mother’s
diet is transferred to their fetus via the placenta®. In the 1940s,
experiments in rats showed vitamin A deficiency during preg-
nancy resulted in a high incidence of CDH in their offspring™.
Vitamin A deficiency-induced CDH appears to share a common

Abbreviations: CDH, congenital diaphragmatic hernia; DM, diabetes mellitus; GDM, gestational diabetes; JECS, Japan Environment and Children’s Study.
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pathogenic mechanism with nitrofen-induced CDH®, which is
known as an animal model of CDH®. Null mutant of receptors
of retinoic acid, which is active form of vitamin A, led to dia-
phragmatic defects in mice'?, In light of evidence from exper-
imental studies, a number of epidemiological studies have
investigated the association between maternal dietary intake
of vitamin A and CDH. In the USA, low vitamin A intake
increased the risk of CDH among women who used vitamin sup-
plements periconceptionally’?. Also, in the Netherlands,
adequate-weight mothers who delivered infants with CDH
showed a lower vitamin A intake than control mothers!?.
However, these were both case—control studies. Therefore,
evidence from a cohort study, which has the advantage that
exposures are assessed before the outcome occurrence, would
undoubtedly be useful for exploring the causal association.

We thus explored whether maternal intake of vitamin A was
associated with CDH occurrence. Our hypothesis was that low
vitamin A intake was a risk factor for CDH.

Methods
Study participants

The concept and design of the Japan Environment and Children’s
Study (JECS) have been previously detailed®. Briefly, we recruited
women as early in pregnancy as possible, in fifteen Regional
Centres located throughout Japan, and registered 103 099 pregnan-
cies from 2011 through 2014941©. The respective distributions of
maternal and infant characteristics in the JECS were comparable
to those in the national survey"?. The present study was conducted
according to the guidelines laid down in the Declaration
of Helsinki, and all procedures involving participants were
approved by the Japan Ministry of the Environment’s Institutional
Review Board on Epidemiological Studies (No. 100406001) and
the Ethics Committees of all participating institutions. Written
informed consent was obtained from all participants.

Among the 103 099 pregnancies, we restricted the study partic-
ipants to 95170 unique mothers (the first JECS pregnancy) with
subsequent delivery record. After excluding 5512 participants
who had twin or triplet pregnancies (7 947), had miscarriages
or stillbirths (72 1427), did not respond to the FFQ during the first
trimester, reported extreme energy intake (lower and upper first
percentile) (72 3134) or had missing information on maternal age
at delivery (14), the remaining 89 658 mothers who delivered
singleton live births were included in the present analysis (online
Supplementary Fig. S1).

Assessment of vitamin A intake

Two surveys consisting of self-administered questionnaires,
including FFQ, were conducted; the first during the first trimester
(median fill-in week of gestation = 15) and the second during the
second/third trimester (27th week of gestation). We adopted the
long-FFQ developed for the Japan Public Health Centre-based
prospective study for the next generation. This FFQ was vali-
dated by comparing intake from a 12-d weighted food record
for Japanese adults aged 40-74 years'”. In the first FFQ, we
asked about the usual dietary intake in the preceding year,

and in the second, the usual intake after awareness of preg-
nancy. In the present study, we assumed the intake estimates
based on the first FFQ to be a marker of dietary intake in early
pregnancy, because our target exposure period for diaphrag-
matic development was roughly 4-8 weeks of gestation®.
We used data from the second FFQ as a marker of dietary intake
in mid-late pregnancy.

The nutrients of our target in the present study were total
vitamin A (expressed sum of retinol and provitamin A carote-
noids as retinol activity equivalents (RAE)), retinol and provita-
min A carotenoids (a- and f-carotenes and f-cryptoxanthin).
In Japan, the main source of vitamin A intake is provitamin A
carotenoids that come from vegetables, particularly green
and yellow vegetables"'”. Hence, we included the respective
intake of total vegetables and green and yellow vegetables in
our targets. The daily vegetable intake (g/d) was calculated
by multiplying the intake frequency by the standard-equivalent
portion size, for thirty-eight vegetable items, including
nineteen items of green and yellow vegetables. In the FFQ,
the choices of portion size for each food item were small
(50 % less than standard), medium (equal to standard) and large
(50 % more than standard); and the choices of frequency were
<1 time/month, 1-3 times/month, 1-2 times/week, 3—4 times/
week, 5-6times/week, 1time/d, 2-3times/d, 4-6times/d
and >7 times/d. The daily intake of each nutrient from each
food item was then estimated with reference to the Standard
Tables of Food Composition in Japan 2010%?. The energy-
adjusted intake of vitamin A and other nutrients above were
calculated using the residual model". Information on supple-
mental use of multi-vitamins, including vitamin A, from foeta-
tion to 12 weeks of gestation was obtained via face-to-face
interviews. Due to no information about the amount and
frequency of supplemental use, we did not calculate the
nutrient intake from such supplements.

Identification of congenital diaphragmatic hernia cases

The occurrence of CDH was identified from the medical records.
In accordance with the JECS in-house standard operating
procedures, physicians, midwives/nurses and/or research
co-ordinators transcribed medical information from the medical
records to the JECS transcription forms three times: first during
the first trimester, second after delivery and finally during the first
month health check-up after delivery. The forms after delivery
and at a month after delivery contained a list of sixty-one
congenital anomalies, including CDH (10th edition of the
International Classification of Diseases: Q79.0)?%. When
CDH was reported either at delivery or at the end of the first
month, we defined it as an occurrence of CDH in the present
study. Additionally, isolated CDH was defined as cases of
CDH with no other major congenital anomalies, because the
occurrence of multiple anomalies appears to depend on genetic
factors rather than exogenous factors. In the present study,
such major anomalies included anencephaly, spina bifida,
encephalocele, microphthalmia, cleft palate, cleft lip (with or
without cleft palate), congenital heart diseases (not including
patent ductus arteriosus), gastroschisis, omphalocele, oesopha-
geal atresia, small intestinal atresia, anorectal malformations,
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Table 1. Baseline characteristics of mothers who delivered infants with
congenital diaphragmatic hernia (CDH), Japan Environment and

Table 1. (Continued)

Children’s Study (2011-2014) CDH (n40)
No. /10000
DH (n 4
M No. of Frequency  of live
No. /10000 women* (%) cases births
No. of  Frequency of live -
women* (%) cases births Week of pregnancy at delivery

<37 weeks (preterm) 4183 4.7 7 167

No. of women 89658 100 40 4.5 >37 weeks 85475 953 33 39

Total vitamin A intake (retinol activity equivalents) in early pregnancy Parity
Low quartile (median = 230; 22414 25.0 14 62 0 39 091 43.7 17 4.3

IQR = 185, 264 pg/d) >1 50261 56-3 23 46
Mid-low (346; 320, 373 pg/d) 22415 25.0 8 36 Infant sex
Mid-high (468; 433, 509 ug/d) 22414 25.0 9 4.0 Male 46032 51.3 20 4.3
High quartile (738; 631, 22415 25.0 9 4.0 Female 43618 487 20 4.6
940 pg/d) . -

Age at delivery (years) IQR, interquartile range.
<25 8657 9.7 3 3.5 * Subgroup totals do not equal the overall number because of missing data.
25-29 24609 274 16 65
30-34 31791 355 10 31
>35 24601 274 11 4.5

Smoking habits hypospadias, reduction defects of the upper and/or lower limbs
Neversmoked 52225 583 25 48 and chromosomal anomalies (Down’s syndrome, 18 trisomy and
Ex-smokers who quit before 20 956 234 10 4.8 X (23.24) f . h d sid fth

pregnancy 13 trisomy) ’. Information on the type and side of the
Smokers during early 16 351 18-3 5 31 diaphragmatic hernia was not collected.
pregnancy

Alcohol consumption
Neve_r drank _ 30848 34-4 16 52 Statistical analysis
Ex-drinkers who quit before 16731 187 9 54

pregnancy We performed an exploratory analysis on an observational
Drinkers during early 42062 469 15 3-6 . .
pragnancy study, based on a large sample size, therefore we did not perform

Prepregnancy BMI (kg/m?) a power calculation.
<185 14472 16-1 6 41 We calculated the number of CDH cases per 10 000 live births
18:5-24.9 65668 733 30 46 among each strata of maternal and infant characteristics. The
>25.0 9480 106 4 42 followine characteristics summarised (Table 1): maternal

Current history of diabetes or gestational diabetes ollowing characteristics were summarised (Table 1): materna
No 86832 96-8 37 4.3 age at delivery, smoking habits, alcohol consumption, pre-
Yes 2826 32 3 10- pregnancy BMI, current history of diabetes mellitus (DM)

Inf'(\alr;mty treatment 83590 93.0 4 41 or gestational DM (GDM), infertility treatment, educational
Ovulation stimulation/artificial 3295 3.7 1 3.0 background, household income, occupation in early pregnancy,

insemination by sperm use of multi-vitamin supplement in early pregnancy, routine use

from husband of folic acid supplement, morning sickness, week of pregnancy
Assisted reproductive 2741 31 5 182 . . .

technology at delivery, parity and infant sex.

Educational background (years) We performed a logistic regression analysis to estimate the OR
<13 31688 35-8 6 1.9 and 95 % CI for vitamin A and other intakes in early pregnancy with
213 ) - 56704 64-2 32 56 CDH occurrence. We initially adjusted for maternal age at delivery.

Household income (million Japanese yen/year) K L . R
<6 60358 730 o5 41 Then we selected potential a priori confounders, including smok-
>6 22281 27.0 11 4.9 ing habits, alcohol consumption, prepregnancy BMI and DM/

Occupation in early pregnancy GDM, based on past evidence®2?” and adjusted for these in addi-
Ad;:(;?;sst;?;:ael, ;T:]Znagenal, 20649 232 12 58 tion to other factors associated with CDH in the present study.

engineering Participants with missing values for these confounders were
Clerical 15282 171 8 5.2 excluded from the adjusted analysis. According to the findings from
ﬁales an?( service ;Z %3 ggg 1‘2‘ 1212 the earlier study"'?, we examined this association among mothers

omemaker - : ) . ,
Others 8713 0.8 3 3.4 with adequate weight (18-5 < prepregnancy BMI < 250 kg/m?). To

Use of multi-vitamin supplement in early pregnancy verify the robustness of the observed association, further sensitivity
No 84413 94-6 37 4-4 analyses were conducted as follows: (1) further adjusting for socio-
ves I 4863 54 2 41 economic status, including educational background, household

Routine use of folic acid supplement . . )

No (<4 times/week) 64503 72.9 o7 4.2 income and occupation in early pregnancy; (2) excluding users
Yes (>4 times/week) 24025 271 11 4.6 of multi-vitamin supplements in early pregnancy or mothers with
M?\lrnlng su;kness 28739 89.0 2 oy severe morning sickness to avoid the misclassification of vitamin
o or not severe - : . - . .
Severe 0694 11-0 6 6.2 A intake; (3) restricting to isolated CDH cases, because complicated

CDH might be different from isolated CDH in aetiology and
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(4 further adjusting for dietary intake of folate and vitamin C, which
are similar to dietary sources of vitamin A, and use of folic acid
supplement, or for total vitamin A intake in mid-late pregnancy,
to explore the possibility of the independent association between
vitamin A intake in early pregnancy and CDH.

We also explored the association of vitamin A and other
intake in mid-late pregnancy with CDH occurrence. In this
case, we included 88 642 mothers who had valid data from
the second FFQ and delivered their infants after more than
28 weeks of gestation. The present study used the data set
jecs-ag-20160424, which was released in June 2016, and
revised in October 2016, along with the supplementary data
set jecs-ag-20160424-sp1. All analyses were conducted using
Stata 14 (StataCorp LP).

Results

Of the 89 658 mothers (mean age at delivery 31-2 (sp 5-0) years),
the mean intake of total vitamin A in early pregnancy was 475 (sp
344) pg RAE/d. The correlations between the intake of total vita-
min A and the other investigated nutrients are shown in online
Supplementary Table S1. We documented forty cases of CDH
(4-5/10 000 live births), including twenty-eight isolated cases
and twelve complicated cases, in the present study population.
As shown in Table 1, the frequency of CDH in the low quartile of
total vitamin A intake was 6-2/10 000, somewhat higher than in
other three quartiles. A relatively high frequency of CDH tended
to be observed among mothers who had suffered from
DM/GDM, those who had utilised assisted reproductive
technology for this specific pregnancy and those who delivered
preterm infants.

We also explored the association between the respective
quartiles of total vitamin A intake in early pregnancy and CDH
occurrence (online Supplementary Table S2). After adjustment
for maternal age, smoking habits, alcohol consumption, prepreg-
nancy BMI, DM/GDM and infertility treatment, the respective
CDH ORs for the low to high quartiles were 1.0 (reference),
0-6 (95% CI 0-2, 1-3), 0-6 (0-3, 1-4) and 0-6 (0-3, 1-5), revealing
similarly decreased values in all except the low quartile.
Therefore, we combined the three categories (mid-low, mid-high
and high) into a single ‘high’ category. The baseline characteristics
of 89 658 mothers, for the two levels of vitamin A intake, are shown
in online Supplementary Table S3. When using the low category
(bottom quartile, median intake = 230 pg/d) for total vitamin A
intake as a reference, the adjusted OR for the high category
(median = 468 pg/d) was 0-6 (95 % CI 0-3, 1-2); and risk reduction
was also observed with intake of a- and f-carotenes, total vegeta-
bles and green and yellow vegetables (Table 2).

Among adequate-weight mothers, total vitamin A intake was
inversely associated with CDH (adjusted OR for the high- v. low-
intake category = 0-5, 95 % CI 0-2, 1-0) (Table 3). No association
was observed in the case of any other intake; however, the OR
point estimates were below unity for the high-intake category of
a- and f-carotenes, total vegetables and green and yellow
vegetables. We investigated the robustness of this association
and found a similar pattern of decreased risk of CDH in all
analyses (Table 4).

Table 2. Risk for congenital diaphragmatic hernia (CDH), for vitamin A and
other intake in early pregnancy, Japan Environment and Children’s Study
(2011-2014)

(Odds ratios and 95 % confidence intervals)

High (remaining three

quartiles)
Low
(bottom quartile) OR 95 % CI

Total vitamin A (retinol activity equivalents)

Median intake (pg/d) 230 468

No. of participants 22414 67 244

No. of cases 14 26

Adjusted model 1* Reference 0-6 03,12

Adjusted model 2t Reference 0-6 03,12
Retinol

Median intake (pg/d) 81 185

No. of participants 22414 67 244

No. of cases 10 30

Adjusted model 1* Reference 1.0 0-5, 2-1

Adjusted model 2t Reference 1.0 0-5, 2.0
a-Carotene

Median intake (pg/d) 110 457

No. of participants 22414 67 244

No. of cases 13 27

Adjusted model 1* Reference 07 04,14

Adjusted model 2t Reference 0.7 0-3,1-3
p-Carotene

Median intake (pg/d) 884 2406

No. of participants 22414 67 244

No. of cases 13 27

Adjusted model 1* Reference 07 04,14

Adjusted model 2t Reference 0.7 0-3, 1-3
B-Cryptoxanthin

Median intake (pg/d) 48 593

No. of participants 22414 67 244

No. of cases 10 30

Adjusted model 1* Reference 1.0 05, 2-1

Adjusted model 2t Reference 1.0 0.5, 2.0
Total vegetables

Median intake (g/d) 75 187

No. of participants 22414 67 244

No. of cases 12 28

Adjusted model 1* Reference 0-8 04,15

Adjusted model 2t Reference 0-8 04,15
Green and yellow vegetables

Median intake (g/d) 23 87

No. of participants 22414 67 244

No. of cases 13 27

Adjusted model 1* Reference 07 04,14

Adjusted model 2t Reference 0.7 0-3,1-3

* Adjusted for maternal age at delivery.

1 Adjusted for maternal age at delivery, smoking habits, alcohol consumption,
prepregnancy BMI, current history of diabetes or gestational diabetes and infertility
treatment. Participants with missing values for these factors were excluded, which
left 89 481 in adjusted model 2.

When we focused on dietary intakes in mid-late pregnancy,
we observed no association between total vitamin A intake and
CDH (online Supplementary Table S4). The Spearman’s coeffi-
cient between total vitamin A intake in early and mid-late
pregnancy was 0-50. Only an inverse association between
a-carotene intake and CDH was found. When we restricted to
mothers with adequate-weight, vitamin A tended to show an
inverse association, but the CI included unity (adjusted OR for
the high- v. low-intake category =0-7, 95 % CI 0-3, 1-6) (online
Supplementary Table S5).
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Table 3. Association between vitamin A and other intake in early pregnancy
and congenital diaphragmatic hernia (CDH) among mothers with adequate
weight (18-5 < prepregnancy BMI < 25.0 kg/m?)

(Odds ratios and 95 % confidence intervals)

High (remaining three

quartiles)
Low
(bottom quartile) OR 95 % CI

Total vitamin A (retinol activity equivalents)

No. of participants 15869 49799

No. of cases 12 18

Adjusted model 1* Reference 0-5 0-2,1-0

Adjusted model 2t Reference 05 02,10
Retinol

No. of participants 15793 49875

No. of cases 7 23

Adjusted model 1* Reference 05,25

Adjusted model 2t Reference 1.0 04,24
a-Carotene

No. of participants 16 042 49 626

No. of cases 9 21

Adjusted model 1* Reference 0-8 04,17

Adjusted model 2t Reference 0-8 04,17
p-Carotene

No. of participants 16 062 49 606

No. of cases 10 20

Adjusted model 1* Reference 0.7 0-3,1-5

Adjusted model 2t Reference 0.7 0-3, 1-4
B-Cryptoxanthin

No. of participants 16 153 49515

No. of cases 7 23

Adjusted model 1* Reference 11 0.5, 2.5

Adjusted model 2t Reference 11 05,25
Total vegetables

No. of participants 16112 49 556

No. of cases 9 21

Adjusted model 1* Reference 08 04,17

Adjusted model 2t Reference 0-8 03,17
Green and yellow vegetables

No. of participants 16 029 49639

No. of cases 10 20

Adjusted model 1* Reference 0.7 03,14

Adjusted model 2t Reference 0-6 0-3,14

* Adjusted for maternal age at delivery.

1 Adjusted for maternal age at delivery, smoking habits, alcohol consumption,
current history of diabetes or gestational diabetes and infertility treatment.
Participants with missing values for these factors were excluded, which left
65568 in adjusted model 2.

Discussion

To the authors’ knowledge, this is the first prospective study to
report that adequate-weight mothers with relatively low
total vitamin A intake, which reflected dietary intake in the
period of diaphragmatic development, had an elevated risk of
giving birth to infants with CDH. A similar pattern of inverse asso-
ciation was also observed for a- and f-carotenes and both total
vegetables and green and yellow vegetables, but not for retinol.
This result is understandable, because vitamin A intake in
Japan is mainly a result of vegetable intake, including a- and
p-carotenes"'”. Also, total vitamin A intake in mid-late pregnancy
tended to be inversely related to CDH. It seems that this reflected
the moderate correlation between vitamin A intake in early and
mid-late pregnancy.

The JECS involves a large-scale birth cohort, and CDH occur-
rence in the present study was in line with past reports

Table 4. Sensitivity analyses of the association between total vitamin
A intake in early pregnancy and congenital diaphragmatic hernia
(CDH) among mothers with adequate weight (18-5 < prepregnancy
BMI < 25.0 kg/m?)

(Odds ratios and 95 % confidence intervals)

Total vitamin A intake in early pregnancy

High (remaining
three quartiles)

Low (bottom quartile) OR 95% ClI

Results in Table 3

No. of participants 15869 49799

No. of cases 12 18

Adjusted model* Reference 05 02,10
Adjusted for socioeconomic status, including educational

background, household income and occupation in

early pregnancy

No. of participants 14 368 45925

No. of cases 11 16

Adjusted model* Reference 04 02,09

Excluding users of multi-vitamin supplement in early pregnancy

No. of participants 15103 46 647

No. of cases 12 16

Adjusted model* Reference 04 02,09
Excluding mothers with severe morning sickness

No. of participants 14140 44 558

No. of cases 11 16

Adjusted model* Reference 05 02,10
Isolated cases of congenital diaphragmatic hernia

No. of participants 15865 49796

No. of cases 8 15

Adjusted model* Reference 0-6 02,14

Adjusted for dietary folate and vitamin C intake in early pregnancy
and use of folic acid supplement

No. of participants 15662 49213

No. of cases 12 17

Adjusted model* Reference 0-4 0-2,0:9
Adjusted for total vitamin A intake in mid-late pregnancy

No. of participants 15685 49269

No. of cases 11 17

Adjusted model* Reference 05 02,12

* Adjusted for maternal age at delivery, smoking habits, alcohol consumption, current
history of diabetes or gestational diabetes and infertility treatment.

(5-1/10 000 live births in Japan, 2012)*®; however, the number
of CDH cases was small, which might lead to imprecision in the
95 % ClI for the measure of effect. Weighing against the possibility
that this was a chance finding, however, the study analysed infor-
mation on various factors provided by the JECS and attempted to
verify the robustness of the association. Through adjustment for
these factors, and the sensitivity analyses, we carefully controlled
the confounding effects on the reported association. To prevent
the misclassification of vitamin A intake, we excluded users of
multi-vitamin supplements or mothers with severe morning
sickness. To explore whether vitamin A was associated with
CDH regardless of vegetable-related nutrients, we additionally
adjusted for folate and vitamin C intake. To consider the possibil-
ity of aetiological difference, we also analysed only isolated
cases of CDH. In all the analyses, the OR point estimates for
the association showed the same pattern and did not vary
substantially in magnitude.

Subsequently, we examined the consistency of our findings
with previous reports. Two case—control studies assessed
the association between vitamin A intake and CDH. In a
Rotterdam study, vitamin A intake was inversely associated
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with CDH among mothers with a pre-pregnancy BMI of
18-5-24-9 kg/m?1?, This association was replicated in our study,
and was reasonable, because exposure misclassification due to
underreporting of energy intake might occur among under- or
overweight women®3?, The study reported that the elevated
risk of CDH was observed below the Dutch daily recommended
vitamin A intake of 800 pg/d. Although, in Japan, the recom-
mended vitamin A intake for women is from 650 to 700 pg/d,
depending on age strata®V, as of 2013 the majority of women
in the general population did not achieve this recommended
intake"”, and the mean intake in the JECS population was
475 pg/d. In the present study, we found that fairly low vitamin
A intake increased the risk of CDH. Another study in the USA, the
National Birth Defects Prevention Study (NBDPS), revealed that
lower intake of total vitamin A (below the 10th percentile)
among vitamin users resulted in an increased risk of CDH, but
no association was observed among non-vitamin users'”. In
the NBDPS, the percentage of vitamin users was approximately
75 %, while that of multi-vitamin users was 5-5 % in the present
study. Therefore, it is not surprising that an inverse association
was observed among non-users of multi-vitamins. Pregnant
women should avoid excessive intake of vitamin A, which is a
fat-soluble vitamin®, and adequate intake of vitamin A from
dietary sources, without supplement dependence, may be
enough to prevent CDH. Overall, our results in the prospective
study did not differ essentially from those of the earlier, case—
control studies that were vulnerable to recall bias.
Additionally, we considered biological plausibility. The reti-
noic acid signalling pathway is known to play an important role
in diaphragmatic morphogenesis. Retinoic acid is likely to regu-
late the gene expressions, such as Wilms’ tumour 1 (wt1) and
chicken ovalbumin upstream promotor transcription factor II
(COUP-TFII), that are related to the development of the
diaphragm®™'®_ In one study, female rats fed a diet deficient in
vitamin A delivered offspring with CDH; and in another study,
CDH model rats exposed to nitrofen showed a reduced occur-
rence of CDH with administration of vitamin A®?. Nitrofen
appears to lead to diaphragm defects by inhibiting the release
of retinal dehydrogenase-2, which is an enzyme related to the
production of retinoic acid®®. In the present study, an elevated
risk of CDH was observed in the fairly low vitamin A intake
group. The level of vitamin A in the fetus, which is necessary
for embryonic development, depends on transportation from
the maternal bloodstream via the placenta, but the vitamin is also
essential for the health of the mothers®. Thus, when vitamin A
intake is significantly below the recommended value, the
amount of fetal vitamin A transferred from the mothers may
decrease due to the maintenance of maternal vitamin A
homeostasis. One study revealed that the retinol levels in the
cord blood of infants with CDH were lower than those in control
infants, but the retinol levels of CDH case and control mothers
were similar®®. Although our study focused on vitamin A, the
NBDPS reported that choline, methionine and cysteine, which
are involved in DNA methylation pathway, were associated
with CDH!V, Also, there was evidence that concentrations of
homocysteine, another related factor of DNA methylation, in
cord blood were not different between CDH and control
(35)

cases Additional studies are required to explore the

contribution of DNA methylation to the diaphragm develop-
ment. In the present study, the supportive evidence (consistency
and biological plausibility), as well as the robustness of the
association, suggested that the observed association between
vitamin A and CDH was not explicable simply on the basis of
chance.

One limitation of the study was that the FFQ used was not
validated specifically for pregnant women. In addition, partici-
pants were not directly asked about their dietary habits during
the diaphragm development period. These were likely to lead
to a non-differential misclassification based on measurement
errors in the assessment of vitamin A intake, leading us to
underestimate the association between vitamin A and CDH.
Another limitation was lack of information on serum vitamin A
levels, so further studies using them would provide additional
evidence linking vitamin A to CDH. The lack of information
on the type and side of the hernia was also a limitation.
However, approximately 80% of CDH cases have involved
Bochdalek hernias™™, and there is little evidence thus far that
the associated factors for CDH differ with hernia type or side.
Finally, we restricted to mothers who had live births and
thus did not include stillbirths. However, since vitamin A
supplementation has not been associated with stillbirth®®, we
believe that the association we observed was not likely to be
distorted by this.

In conclusion, low dietary intake of vitamin A in early preg-
nancy was associated with the occurrence of CDH among
adequate-weight mothers in Japan. Although we acknowledge
the limitation represented the small number of outcomes, the
results would appear to support our hypothesis that low vitamin
A intake is a risk factor for CDH.
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