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Abstract
Current evidence suggests that the aetiology of congenital gastrointestinal (GI) tract atresia is multifactorial, and not based solely on genetic
factors. However, there are no established modifiable risk factors for congenital GI tract atresia. We used data from a Japanese nationwide
birth cohort study launched in 2011, and examined whether fish consumption in early pregnancy was associated with congenital GI tract
atresia. We analysed data of 89 495 women (mean age at delivery= 31·2 years) who delivered singleton live births without chromosomal
anomalies. Based on the results of the FFQ, we estimated the daily intake of fish and n-3 PUFA consumption in early pregnancy. We defined a
composite outcome (oesophageal atresia, duodenal atresia, jejunoileal atresia and/or anorectal malformation) as congenital GI tract atresia. In
this population, median fish intake was 31·9 g/d, and seventy-four cases of congenital GI tract atresia were identified. Fish consumption in
early pregnancy was inversely associated with the composite outcome (multivariable-adjusted OR for the high v. low consumption
category= 0·5, 95% CI 0·3, 1·0). For all the specific types of atresia, decreased OR were observed in the high consumption category, although
not statistically significant. Reduced atresia occurrence was observed even beyond the US Food and Drug Administration’s recommended
consumption of no more than 340 g/week. Also, n-3 PUFA-rich fish and n-3 PUFA consumptions tended to be inversely associated with
atresia. Fish consumption in early pregnancy may be a preventive factor for congenital GI tract atresia.
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Oesophageal atresia, small intestinal atresia (duodenal and
jejunoileal atresia), and anorectal malformation, which we col-
lectively defined as congenital gastrointestinal (GI) tract atresia
in this study, are relatively common congenital anomalies. In
the 2014 annual report of the International Centre on Birth
Defects, the mean frequencies, as reported by twenty-seven
monitoring systems, were 2·8 cases (per 10 000 births) for
oesophageal atresia, 2·7 cases for small intestinal atresia and 3·8
cases for anorectal malformation(1). In Japan, congenital GI tract
atresia was a leading cause of neonatal surgical diseases in
2013(2). Due to medical advances, the mortality rate of children
born with GI tract atresia has decreased year by year(3);
however, related long-term morbidities, such as feeding

gastrostomy or jejunostomy, short bowel syndrome, faecal
and/or urinary incontinence, and chronic constipation(4–6),
continue to have a significant impact on childhood quality of
life. In addition, occurrence of the condition typically increases
the psychological and social burden on mothers, as well as on
their partners and families due to concern for the child’s health.
Thus, if modifiable factors leading to primary prevention of
congenital GI tract atresia can be discovered, it is good news for
both child and maternal health.

The embryonic period (4–8 weeks of gestation) is known as
the developmental origin of congenital GI tract atresia. For
oesophageal atresia, a failure of invagination of the lateral
trachea-oesophageal grooves is suggested(7). Small intestinal
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atresia is believed to occur as a result of unsuccessful
recanalisation of the bowel, though the probable cause of
some cases, in particular jejunoileal atresia, may be a late
vascular accident(8). Impaired process in the urorectal septum
is likely to lead to the development of anorectal
malformation(9). However, the aetiology of congenital GI
tract atresia (the cause of the embryologic abnormality) is still
unclear. Although the importance of genetic background to
the aetiology has been generally accepted(8,10,11), we know
that its development is not caused solely by genetic factors;
exogenous factors also contribute to the pathogenesis of GI
tract atresia.
As far as we know, there are no established modifiable risk

factors (and therefore preventions) for congenital GI tract
atresia; in contrast, for example, to the administration of folic
acid to prevent neural tube defects(12). Past studies have
revealed an association between prepregnancy diabetes or
gestational diabetes and obesity or overweightness with GI tract
atresia, in particular oesophageal atresia and anorectal
malformation(13–19). There is a pathological link between
diabetes and obesity, leading to an increase in inflammation
and oxidative stress in utero(20). Thus, given the possibility that
diabetes and/or obesity have a role in the development of GI
tract atresia, we were interested in diets that form an essential
part of human life, and related potentially modifiable factors.
We focused on fish because fish consumption is considered to
be associated with a reduced risk of obesity and diabetes; and
n-3 PUFA contained in fish oil(21), which are transported across
the placenta(22), are likely to have beneficial effects on
inflammation and oxidative stress(23,24). In addition, fish is an
important ingredient in the form of Japanese cuisine (washoku)
characterised by a well-balanced and healthy diets. We
hypothesised that fish consumption would be inversely
associated with the occurrence of congenital GI tract atresia.
The aim of this study was to examine the association between

fish consumption in early pregnancy (the embryonic period)
and congenital GI tract atresia.

Methods

Study participants

The concept and design of the Japan Environment and Chil-
dren’s Study (JECS), an ongoing nationwide birth cohort study,
are described in detail elsewhere(25). Briefly, we recruited
women as in early pregnancy as possible in fifteen regional
centres located throughout Japan, and registered 103 099
pregnancies between 2011 and 2014(26). After exclusion of
2321 with no subsequent delivery record, the remaining 100 778
pregnancies involved 101 779 foetuses, and resulted in 100 148
live births. The selected characteristics of the mothers and
children were similar in the JECS and general Japanese
population(26). The women’s partners (fathers) were
approached whenever possible. The distribution of maternal
and infant characteristics among the sub-population with
participating fathers (approximately 50 000) was essentially
the same as that of the total population(26). This 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.

In this study, we restricted the study participants to 95 170
unique mothers (the first JECS pregnancy) among the 100 778
pregnancies included women registered multiple times for
siblings. From these, as shown in online Supplementary Fig. S1,
we selected 89 658 mothers who delivered singleton live births,
and responded to a FFQ during the first trimester. Then, we
excluded 163 participants who delivered children with chro-
mosomal anomalies, including Down syndrome, trisomy 18 or
trisomy 13, in order to exclude the possibility that congenital GI
tract atresia was caused by chromosomal factors(10,11,27). In the
end, a total of 89 495 mothers (89 495 births) were included in
our analysis.

Fish consumption

Self-administered questionnaires, including FFQ, were dis-
tributed twice, first during the first trimester (median fill-in week
of gestation= 15), and then again during the second/third tri-
mester (27th week of gestation). In the first FFQ, we asked
about usual dietary intake in the preceding year, and in the
second, usual intake after awareness of pregnancy. In this
study, we mainly used data from the first FFQ as a marker of
dietary intake in early pregnancy.

We adopted the FFQ used in the Japan Public Health
Centre-based prospective study for the next generation(28). It
contained 172 food and beverage items, including twenty-
one items of fish or shellfish (salted fish, dried fish, canned
tuna, salmon or trout, bonito or tuna, Japanese amberjack,
cod or flatfish, sea bream, horse mackerel or sardine, saury
or mackerel, dried small fish, salted roe, eel, squid, octopus,
prawn, clam, pond-snail and three fish paste products
(chikuwa, kamaboko and satsuma-age)). 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). We used nine frequency categories (<1
time/month, 1–3 times/month, 1–2 times/week, 3–4 times/
week, 5–6 times/week, 1 time/d, 2–3 times/d, 4–6 times/d
and ≥7 times/d). The daily intake of fish consumption was
calculated by multiplying the frequency by the standard-equivalent
portion size, for each fish item. In addition, n-3 PUFA-rich fish
consumption was defined from six fish items (salmon or trout,
Japanese amberjack, sea bream, horse mackerel or sardine, saury
or mackerel and eel). We further calculated the daily intake of n-3
PUFA, including DHA, EPA and α-linolenic acid, using the
Standard Tables of Food Composition in Japan, the fifth revised
and enlarged edition 2005 for fatty acids(29). For this FFQ, in 142
Japanese women aged 40–74 years, Spearman’s correlation
coefficients between intakes, as estimated from the FFQ and the
12d weighted food record, were 0·47 for fish and 0·40 for n-3
PUFA(28). We did not have information on cooking-method based
fish intake.
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Congenital gastrointestinal tract atresia

In accordance with the JECS in-house standard operating pro-
cedures, medical record transcriptions were performed three
times by physicians, midwives/nurses and/or research co-
ordinators: first during the first trimester, second after delivery
and finally at the first-month health check-up after delivery. The
transcription report forms after delivery and at a month after
delivery contained a list of congenital anomalies, including
oesophageal atresia, small intestinal atresia (duodenal and
jejunoileal atresia) and anorectal malformation. As the numbers
of each type of atresia were relatively small, we defined a
composite outcome (oesophageal atresia, small intestinal atre-
sia and/or anorectal malformation) as congenital GI tract
atresia.

Statistical analysis

We categorised participants into tertiles of fish consumption in
early pregnancy. To explore the association of fish consump-
tion with congenital GI tract atresia and each specific type of
atresia, we used a logistic regression model, and estimated the
OR and 95% CI of atresia, with the low consumption category
as a reference. Initially, we adjusted for maternal age at delivery
(<25, 25–29, 30–34 and ≥35 years). Although there are no
established risk factors for GI tract atresia, we additionally
adjusted for several maternal factors as possible confounding
factors that have been reported to be associated with congenital
anomalies including atresia, as follows: educational background
(<13 and ≥13 years); household income (<6 and ≥6 million
Japanese-yen/year); occupation in early pregnancy (adminis-
trative, managerial, professional, or engineering, clerical, sales
and service, homemaker and others); smoking habits (never
smoked, ex-smokers who quit before pregnancy and smokers
during early pregnancy); alcohol consumption (never drank,
ex-drinkers who quit before pregnancy and drinkers during
early pregnancy); BMI before pregnancy (<18·5, 18·5–24·9 and
≥25·0 kg/m2); current history of diabetes or gestational diabetes
(no, yes); parity (0, ≥1); infertility treatment (no, ovulation
stimulation or artificial insemination by sperm from husband
and assisted reproductive technology)(30); use of folic acid
supplement (routine use (defined as ≥4 times/week) and non-
routine use)(31); use of DHA and/or EPA supplements (routine
use (defined as ≥4 times/week) and non-routine use), and
vegetable intake as a marker of healthy dietary habit. For the
sub-population with participating fathers, we adjusted for
paternal age at delivery (<25, 25–29, 30–34 and ≥35
years)(32). Linear trends in the association were assessed by
assignment of ordinal variables for the fish consumption tertile.
To examine the robustness of the association between fish

consumption in early pregnancy and congenital GI tract atresia,
we performed several subgroup and sensitivity analyses. First,
we examined the association for cases of congenital GI tract
atresia alone, after excluding cases with other major congenital
anomalies, because genetic factors rather than exogenous fac-
tors might contribute to the occurrence of multiple anomalies.
In this study, with reference to the US National Birth Defects
Prevention Network(33) and the surveillance manual of World

Health Organization(34), 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,
diaphragmatic hernia, hypospadias, reduction defects of the
upper and/or lower limbs, and the specific types of congenital GI
tract atresia. Second, we excluded routine users of DHA and/or
EPA supplements. Third, we excluded women with severe
morning sickness. Fourthly, we restricted to participants without
diabetes, gestational diabetes, obesity or overweightness (BMI
<25·0 kg/m2). Finally, we defined fish consumption to exclude
one item, bonito or tuna, because tuna contains relatively high
levels of methylmercury(35).

Subsequently, based on the advice about eating fish to
pregnant women from US Food and Drug Administration (FDA)
(not exceed 12 ounces/week (approximately 340 g/week))(36),
we classified participants into three groups with regard to fish
consumption in early pregnancy, after calculating by
multiplying the daily intake (g/d) by 7: <170 (half of 340),
170–340 and >340 g/week. n-3 PUFA-rich fish and n-3 PUFA
consumption was also examined. In addition, we used data of
the second FFQ during the second/third trimester as a marker of
dietary intake in mid-late pregnancy, and investigated the
association between fish consumption in mid-late pregnancy
and congenital GI tract atresia. For this analysis, we included
88 488 women who had valid data from the second FFQ and
delivered their babies after more than 28 weeks of gestation.

The present study used the dataset jecs-ag-20160424, which
was released in June 2016, and revised in October 2016, along
with the supplementary dataset jecs-ag-20160424-sp1. All ana-
lyses were performed with Stata 14 (StataCorp LP).

Results

Among 89 495 pregnant women (mean age at delivery= 31·2
years), the median fish intake in early pregnancy was 31·9 g/d.
The proportions of women in the following subgroups tended
to be higher for the high category of fish consumption: aged 35
years or older, educational background ≥13 years, household
income ≥6 million Japanese-yen/year, homemakers, never-
smokers, parous women and with partners aged 35 years or
older (Table 1). Vegetable intake appeared to increase with
increasing fish intake. Among the 89 495 births (median gesta-
tional age= 39 week), we identified seventy-four cases of
congenital GI tract atresia (online Supplementary Table S1).

We found an inverse association between fish consumption
and congenital GI tract atresia (Table 2). The occurrence of
congenital GI tract atresia was lower in women in the high
than in the low consumption category (multivariable-adjusted
OR= 0·5, 95% CI 0·3, 1·0), and this inverse association persisted
after adjustment for paternal age at delivery. Decreased OR
were observed for all the specific types of atresia in the high
consumption category, although not statistically significant. Our
results did not essentially change in several subgroup analyses
(Table 3). Also, the results of the sensitivity analysis based on
fish consumption excluding fish containing relatively high
methylmercury showed a similar pattern. Moreover, reduced
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Table 1. Baseline characteristics of 89 495 pregnant women, Japan Environment and Children’s Study (2011–2014)
(Percentages and median values)

Tertile of fish consumption in early pregnancy

Low (n 29831) Middle (n 29 832) High (n 29 832)

Number of women* % % %

Daily intake of fish (g/d) 89 495
Median 12·9 31·9 56·5

Age at delivery (years)
<25 8651 13·3 8·4 7·3
25–29 24 588 30·2 27·0 25·2
30–34 31 754 33·2 36·4 36·8
≥ 35 24 502 23·2 28·2 30·7

Educational background (years)
<13 31 628 41·1 34·2 32·3
≥13 56 610 58·9 65·8 67·8

Household income (million Japanese-yen/year)
<6 60 260 76·9 72·2 70·2
≥6 22 235 23·1 27·8 29·8

Occupation in early pregnancy
Administrative, managerial, professional or engineering 20 613 22·1 23·5 24·1
Clerical 15 255 17·2 17·0 17·4
Sales and service 19 510 25·1 20·7 20·2
Homemaker 24 754 24·7 29·3 29·6
Others 8691 11·0 9·6 8·8

Smoking habits
Never smoked 52 124 54·9 59·8 60·2
Ex-smokers who quit before pregnancy 20 923 23·2 23·5 23·6
Smokers during early pregnancy 16 322 21·9 16·7 16·2

Alcohol consumption
Never drank 30 798 35·4 34·5 33·4
Ex-drinkers who quit before pregnancy 16 697 18·4 18·4 19·3
Drinkers during early pregnancy 41 983 46·3 47·1 47·3

BMI before pregnancy (kg/m2)
<18·5 14 450 16·4 16·2 15·8
18·5–24·9 65 552 73·1 73·5 73·3
≥25·0 9455 10·5 10·2 11·0

Current history of diabetes or gestational diabetes
No 86 678 97·2 96·9 96·5
Yes 2817 2·8 3·1 3·5

Parity
0 39 041 49·2 41·6 40·5
≥1 50 150 50·8 58·4 59·5

Infertility treatment
No 83 439 94·1 93·1 92·5
Ovulation stimulation or artificial insemination by sperm from husband 3291 3·4 3·8 3·9
Assisted reproductive technology 2737 2·5 3·1 3·6

Dietary intake
Energy (kJ/d) 89 495
Median 6764 7147 7257

Vegetables (g/d) 89 495
Median 133·2 159·5 177·0

Routine use of supplements
Folic acid 23 978 25·7 27·9 27·8
DHA and/or EPA 1465 1·7 1·5 1·8

Morning sickness
No or not severe 78 600 89·0 89·6 88·6
Severe 9679 11·1 10·4 11·5

Gestational age (weeks) 89 495
Median 39 39 39

Preterm (<37 weeks) 4151 4·7 4·6 4·7
Infant sex

Boy 45 945 51·4 51·4 51·3
Girl 43 542 48·6 48·6 48·7

Paternal age at delivery (years)
<25 2981 8·8 5·9 4·5
25–29 10 588 27·0 21·3 20·1
30–34 15 350 31·9 34·2 33·1
≥35 17 536 32·4 38·6 42·2

* Subgroup numbers do not total to overall number due to missing data.
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atresia occurrence was observed even beyond the US FDA’s
recommended consumption of no more than 340 g/week
(multivariable-adjusted OR for >340 v. <170 g/week= 0·4, 95%
CI 0·2, 0·9) (online Supplementary Table S2).
We observed that n-3 PUFA-rich fish consumption in early

pregnancy was inversely associated with congenital GI tract
atresia (multivariable-adjusted OR for high v. low consump-
tion= 0·5, 95% CI 0·3, 1·0) (Table 4). However, there was no
association with n-3 PUFA consumption, although the OR point
estimate was less than unity (multivariable-adjusted OR= 0·7,
95% CI 0·4, 1·4).
With respect to fish consumption in mid-late pregnancy,

Spearman’s correlation coefficient for fish intake in early preg-
nancy was 0·52. The multivariable-adjusted OR for congenital
GI tract atresia were 0·5 (95% CI 0·3, 1·0) in the high tertile
(v. low tertile) (online Supplementary Table S3). Neither n-3
PUFA-rich fish consumption nor n-3 PUFA consumption in mid-
late pregnancy were not clearly associated with GI tract atresia
(online Supplementary Table S4).

Discussion

In a birth cohort consisting of members of the general Japanese
population who traditionally eat fish, we examined whether fish
consumption was associated with congenital GI tract atresia
diagnosed by the first month after birth. As far as we know, this

is the first study to find the inverse association between fish
consumption in early pregnancy and GI tract atresia.

Fish consumption in early pregnancy was associated with a
decreased risk of congenital GI tract atresia. Moreover, reduced
atresia occurrence was observed even beyond the fish con-
sumption target recommended by the US FDA to avoid expo-
sure to methylmercury in utero(36). Even when we used fish
consumption excluding fish containing a relatively high level of
methylmercury, regarding which the Japan Ministry of Health,
Labour and Welfare announced a recommended intake for
pregnant women(35), a similar inverse association was
demonstrated. Another remarkable point is that n-3 PUFA-rich
fish consumption was inversely associated with GI tract atresia,
suggesting that n-3 PUFA from fish oil (i.e. DHA and EPA),
which are transported across the placenta(22), appear to have
beneficial effects for atresia prevention. On the other hand, we
found no association for total n-3 PUFA consumption, though
somewhat decreased odds of occurrence were noted in this
case. This is not surprising, because approximately 60% of n-3
PUFA intake in Japan contains α-linolenic acid (mainly from
vegetables)(37), which synthesises only a small amount of
EPA(24). In excluding routine users of DHA/EPA supplements,
the present study revealed the possibility that dietary DHA/EPA
intake influenced atresia occurrence. From the viewpoint of
prevention of congenital GI tract atresia, our results suggest that
an increase in varied fish consumption, with careful attention to
avoid fish containing a relatively level of high methylmercury, is

Table 2. Fish consumption in early pregnancy and congenital gastrointestinal tract atresia
(Odds ratios and 95% confidence intervals; median values and numbers)

Tertile of fish consumption in early pregnancy

Middle (22·9–41·9 g/d)
(n 29 832)

High (>41·9 g/d)
(n 29 832)

Low (<22·9 g/d) (n 29 831) OR 95% CI OR 95% CI Pfor trend*

Median fish intake (g/d) 12·9 31·9 56·5
Congenital gastrointestinal tract atresia (seventy-four cases)

No. of cases 30 30 14
Maternal age adjusted model Ref. 1·0 0·6, 1·6 0·5 0·3, 0·9 0·02
Multivariable model† Ref. 0·9 0·5, 1·6 0·5 0·3, 1·0 0·06
Multivariable model 2‡ Ref. 0·8 0·4, 1·8 0·3 0·1, 0·9 0·04

Oesophageal atresia (twelve cases)
No. of cases 6 5 1
Maternal age adjusted model Ref. 0·8 0·2, 2·6 0·2 0·02, 1·3 0·08

Small intestinal atresia (twenty-four cases)
No. of cases 11 8 5
Maternal age adjusted model Ref. 0·7 0·3, 1·9 0·5 0·2, 1·3 0·15

Duodenal atresia (ten cases)
No. of cases 6 1 3
Maternal age adjusted model Ref. 0·2 0·02, 1·4 0·5 0·1, 2·0 0·24

Jejunoileal atresia (sixteen cases)
No. of cases 5 8 3
Maternal age adjusted model Ref. 1·7 0·5, 5·1 0·6 0·1, 2·7 0·60

Anorectal malformation (forty-three cases)
No. of cases 18 17 8
Maternal age adjusted model Ref. 0·9 0·5, 1·8 0·4 0·2, 1·0 0·06

Ref., reference.
* Linear trends were assessed by assignment of ordinal variables for fish consumption tertile.
† Adjusted for maternal age at delivery, educational background, household income, occupation in early pregnancy, smoking habits, alcohol consumption, BMI before pregnancy,

current history of diabetes or gestational diabetes, parity, infertility treatment, use of folic acid supplement, use of DHA and/or EPA supplements and vegetable consumption in
early pregnancy.

‡ Additionally adjusted for paternal age at delivery (n 46455).
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likely to have a beneficial effect for pregnant women and
women who are seeking to become pregnant.
The composite outcome, which combined oesophageal

atresia, duodenal atresia, jejunoileal atresia, and/or anorectal
malformation, was justified by the similar pattern of non-
significant decreased odds for each type of atresia with an
increase in fish consumption, suggesting the possibility that
there is partly shared pathogenesis in this case. However, since
the pathogenesis of GI tract atresia is unresolved, it is not easy
to explain the association with fish consumption. The generally
adverse effects of oxidative stress on organogenesis are
recognised(38); thus, consumption of fish, in which n-3 PUFA
are abundant, may help prevent embryonic oxidative
damage(24). Also, n-3 PUFA affect insulin secretion and
resistance(39), and may possibly play a role in maintaining
proper maternal glucose levels during pregnancy, and have
benefits for GI tract development. There is a hypothesis that
diabetes and obesity are associated with various congenital
anomalies, via oxidative stress and epigenetic changes caused
by hyperglycaemia(40,41). In this study, fish consumption was
inversely associated with GI tract atresia even if we restricted
the participants to women without diabetes or gestational
diabetes and those without obesity or overweightness; thus,

maternal glucose levels may be associated with its occurrence
also in pregnancies without diabetes or obesity.

Alternatively, the hedgehog family of cell signals, such as
sonic hedgehog (Shh), may account for the association we
observed. Shh signalling is essential for development of the
foregut (forming the oesophagus and proximal duodenum),
midgut (forming the distal duodenum, jejunum and ileum), and
hindgut (forming the rectum)(42). In in vitro analysis of mouse
cortical neuron cultures, synaptomide, a DHA metabolite, was
linked to Shh-related gene expression(43). Thus, Shh signal
regulation by the DHA in fish oil may support normal gut
development. Our potential explanations do not exclude the
combined occurrence of specific types of atresia. However,
oesophageal atresia, small intestinal atresia and anorectal
malformation sometimes occur individually; as noted, we
observed an inverse association between fish consumption
and isolated cases of atresia, and this probably reflects the
different critical windows in the differentiation of foregut,
midgut and hindgut.

Fish consumption in mid-late pregnancy also tended to be
inversely associated with congenital GI tract atresia; unsurpris-
ingly, as fish consumption in mid-late pregnancy was moder-
ately correlated with that in early pregnancy. In the case of

Table 3. Subgroup and sensitivity analysis of the association between fish consumption in early pregnancy and congenital gastrointestinal tract atresia
(Odds ratios and 95% confidence intervals; median values and numbers)

Tertile of fish consumption in early pregnancy

Middle High

Low OR 95% CI OR 95% CI Pfor trend*

Total fish consumption
Median intake (g/d) 12·9 31·9 56·5

Isolated cases of congenital gastrointestinal tract atresia (cases without other major anomalies)
No. of women 29 823 29825 29830
No. of cases 22 23 12
Multivariable model† Ref. 1·0 0·5, 1·9 0·6 0·3, 1·2 0·18

Excluding routine users of DHA and/or EPA supplements
No. of women 28 711 28866 28778
No. of cases 28 30 14
Multivariable model† Ref. 1·0 0·6, 1·8 0·6 0·3, 1·1 0·10

Excluding participants with severe morning sickness
No. of women 26 588 26771 26457
No. of cases 27 30 12
Multivariable model† Ref. 0·9 0·5, 1·6 0·4 0·2, 0·9 0·03

Restricting to participants without diabetes or gestational diabetes
No. of women 28 988 28910 28780
No. of cases 29 29 14
Multivariable model† Ref. 0·9 0·5, 1·6 0·5 0·3, 1·0 0·06

Restricting to participants with a BMI before pregnancy of <25·0 kg/m2

No. of women 26 699 26780 26561
No. of cases 29 27 13
Multivariable model† Ref. 0·9 0·5, 1·6 0·5 0·3, 1·0 0·05

Fish consumption excluding one item (bonito or tuna), because tuna contains
relatively high levels of methylmercury
Median intake (g/d) 11·5 29·3 52·4
No. of women 29 831 29832 29832
No. of cases 29 29 16
Multivariable model† Ref. 1·0 0·6, 1·7 0·6 0·3, 1·1 0·10

Ref., reference.
* Linear trends were assessed by assignment of ordinal variables for fish consumption tertile.
† Adjusted for maternal age at delivery, educational background, household income, occupation in early pregnancy, smoking habits, alcohol consumption, BMI before pregnancy,

current history of diabetes or gestational diabetes, parity, infertility treatment, use of folic acid supplement, use of DHA and/or EPA supplements and vegetable consumption in
early pregnancy.
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jejunoileal atresia, one aetiological hypothesis is a vascular
accident, such as a thromboembolic event, in mid-late preg-
nancy(8). As n-3 PUFA are likely to reduce the risk of
thrombosis(21), fish consumption, particularly in mid-late
pregnancy, may help prevent the occurrence of jejunoileal
atresia; however, due to the relatively small number of
jejunoileal atresia cases and the absence of information on
clinical classification of atresia, it was difficult to test this
hypothesis.
The main strengths of this study are the use of a nationwide

cohort of approximately 100 000 mother–child pairs in Japan,
and its prospective design. In regard to congenital GI tract
atresia that is comparatively rare occurrence, therefore, we
could clarify the temporal association between exposure and
outcome. Another strength is that the JECS had information on
a wide range of factors. The inverse association between fish
consumption and GI tract atresia might be seen as reflecting
not the beneficial effects of fish and related nutrients but rather
a link with healthy maternal behaviour and socioeconomic
status, because women in the high fish consumption category
were likely to be never smokers and more educated, and to
have higher income and vegetable intake. In this study, how-
ever, we could demonstrate the association without con-
founding by these factors. Also, the study gave us the
opportunity to exclude participants with severe morning sick-
ness, and to adjust for paternal age among the sub-population
of the overall cohort.
Among the limitations of the study, first, the number of GI

tract atresia cases was small, so it was difficult to remove the
possibility of a chance finding despite our careful statistical
analysis. Second, the first FFQ instructed to answer usual dietary
intake during the previous year, in which are filled at around
15 weeks of gestation, was used as a marker of dietary intake in

the embryonic period; that is, we did not directly assess fish
intake in our target period. Third, the FFQ we used had mea-
surement error due to self-reporting, and was not validated
specifically for pregnant women, though the estimated fish
intake in our population was similar to that estimated in the
national survey (median= 32·2 g/d for women aged 20–29
years and 36·4 g/d for women aged 30–39 years)(44). However,
the measurement errors in the study were not associated with
outcome, so we considered that the point estimates of the OR
would be attenuated toward the null. Fourth, the non-case
group for congenital GI tract atresia may have included a small
number of cases that were not diagnosed until after the first
month after birth. Finally, we considered the impact of
including only women who delivered a live birth. Fish and
n-3 PUFA consumption seems unlikely to be associated with
stillbirth(45). The majority of GI tract atresia among stillbirths
would be caused by genetic and/or chromosomal factors.
Therefore, it is unlikely that the examined association was
distorted because we restricted to live births.

In conclusion, our results indicated fish consumption in
early pregnancy may be a preventive factor for congenital GI
tract atresia. Further studies may aid in achieving primary pre-
vention of GI tract atresia, which is a major neonatal surgical
disease.
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