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Abstract

Background: Gastroschisis, a congenital anomaly of the abdomen, is associated with young maternal age and has

increased in prevalence in many countries. Maternal illness and medication exposure are among environmental

risk factors implicated in its aetiology.

Methods: A population-based case-malformed control study was conducted using data from 18 European

congenital anomaly registries, with information on first trimester medication use, covering 8 million births 1995–

2012. 1577 gastroschisis cases (of which 4% stillbirths, 11% terminations of pregnancy) were compared to 153 357

non-chromosomal/monogenic controls. Literature review identified previous associations concerning maternal

illness and medication exposure to be tested as signals. Logistic regression adjusted for maternal age group,

registry, and time period was used to evaluate associations.

Results: Comparing gastroschisis to other congenital anomalies, the data supported signals concerning

maternal depression (aOR 2.52, 95% CI 1.45, 4.39), antidepressant use (aOR 2.03, 95% CI 1.22, 3.38),

postnatal depression/psychosis following a previous pregnancy (aOR 8.32, 95% CI 2.56, 27.01), sexually

transmitted infections (aOR 2.85, 95% CI 1.13, 7.24), topical antivirals (aOR 5.31, 95% CI 1.63, 17.33), and

continuation of oral contraceptives in early pregnancy (aOR 2.17, 95% CI 1.13, 4.18). Exploratory analyses

suggested associations with a wider range of maternal infections and medications, including tonsillitis and

the expectorant bromhexine.
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Conclusions: While it is difficult to disentangle the effects of the medication and underlying indication, our results

add to the evidence base on preventable risk factors for gastroschisis. These risk factors may contribute to the

higher risk among young mothers, and geographical and temporal variation in prevalence.

Keywords: Gastroschisis, Congenital Abnormalities, Pregnancy, Sexually Transmitted Diseases, Oral Contraceptives,

Depression, Mental Disorders, Antidepressive Agents, Antiviral Agents.

Gastroschisis is a congenital anomaly where the small

intestine, part of the large intestine and occasionally

other abdominal organs protrude through a lateral

defect in the ventral abdomen.1,2 The majority of cases

are isolated anomalies.3 The pathogenesis of gas-

troschisis is uncertain but it is thought to occur

between the third and eighth gestational weeks. His-

torically a vascular disruption mechanism was pro-

posed but recent hypotheses focus on abnormalities

in the process of body wall4 or umbilical ring1

development.

Young maternal age has consistently been associ-

ated with an increased risk of gastroschisis.5,6 Links

have also been found with primiparity,7 white, His-

panic and Indigenous Australian ethnic groups,7,8

smoking,9 alcohol,10 illicit drug use,11 medication

exposure,9,12 maternal illness,13 and low pre-preg-

nancy body mass index.14 None of these factors have

been found to explain the geographical variation in

prevalence in Europe,5 or the increase in prevalence

seen since the 1970s.7,15

EUROmediCAT is a population based reproductive

pharmacovigilance system, based on the European

Surveillance of Congenital Anomalies (EUROCAT)

network, and provides an opportunity to undertake

research on medication exposure and maternal ill-

ness.16,17 This study aimed to use the EUROmediCAT

database to test signals from the literature concerning

first trimester medication exposure and maternal ill-

ness as risk factors for gastroschisis.

Methods

A case-malformed control study was conducted

using the EUROmediCAT database. Cases of gas-

troschisis were compared to controls with other non-

chromosomal/monogenic congenital anomalies. The

case-malformed control methodology was initially

proposed for birth defect epidemiology as a method

of controlling for maternal recall bias.18,19 It is used

in EUROmediCAT to control for the source of

exposure data and because data on non-malformed

controls are not available.20

Study population and data

EUROCAT registries record all cases of major congen-

ital anomalies among live births, foetal deaths

≥20 weeks’ gestation and termination of pregnancy

for foetal anomaly (TOPFA), in their populations

using International Classification of Diseases (ICD)-9/

ICD-10-British Paediatric Association (BPA) codes.16

The EUROmediCAT database includes data, from

1995, from those EUROCAT registries that record first

trimester medication exposure either directly or

through linkage with health care databases.21 Eigh-

teen EUROmediCAT registries, across 14 countries

1995–2012 covering 8 096 594 births, participated in

this study (Table 1).

Cases and controls

Gastroschisis cases were those with an ICD-9 with

BPA extension code 75671 or ICD-10 code Q793. Mal-

formed controls consisted of those with a diagnosis of

a major congenital anomaly not including gastroschi-

sis. Those with codes for omphalocele (ICD-9-BPA

75670 or ICD-10 code Q792), non-specific abdominal

wall anomalies (ICD-9-BPA 75679), limb-body-wall

complex (ICD-10 Q795), or body stalk anomalies were

excluded from both cases and controls.16 Chromoso-

mal/monogenic conditions were excluded from cases

and controls. Cases and controls were classified as iso-

lated or potentially multiply malformed using the

EUROCAT algorithm.22

Exposure

First trimester maternal medication exposures were

mostly obtained by registries from prospectively

recorded maternity records. Additional data sources

included the medical records of the infant, general

practitioner records, maternity passports, and mater-

nal interviews before or after birth.17 Norway medica-

tion exposures were based on first trimester

prescription redemption records. Emilia Romagna did

not have medication information for TOPFA. All first
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trimester medication exposures were recorded using

the World Health Organization Anatomical Therapeu-

tic Chemical (ATC) classification system. This is a

hierarchical system which categorizes substances

according to the organ or system on which they act

(1st level) and their therapeutic (2nd level), pharmaco-

logical (3rd level), and chemical properties (4th and

5th level). First trimester was defined as the period

from the first day of the last menstrual period to the

end of gestational week 12. Medications taken in the

second or third trimester or where the timing was

unknown were excluded.

Maternal illnesses before pregnancy, which may

affect foetal development, and illnesses occurring

during the first 20 weeks of pregnancy were

recorded, mostly prospectively from maternity

records, using ICD-9/ICD-10 codes.16 Registries not

recording maternal illness were excluded from this

analysis. In Norway, data were limited to maternal

pregestational diabetes, asthma, epilepsy, and

preeclampsia so data from this registry were

excluded from all other maternal illness analyses.

See Fig. S1 for the number of foetuses involved at

each stage.

Literature review to identify signals

A literature review was conducted to identify all first

trimester medication exposures or maternal illnesses

that were previously reported to be associated with

gastroschisis. Medline, Embase, and PubMed were

searched, with no date or language limits. The search,

detailed in Appendix S1, Figs. S2 and S3, was last

updated on the 13/11/2015. Tables S1 and S2 report

the positive associations, or signals, identified by indi-

vidual studies.

Seventeen case–control studies and one cohort

study reported associations between gastroschisis and

20 medications/medication groups. Seven case–con-

trol and two cohort studies reported associations

between gastroschisis and 19 maternal illnesses/

groups of illnesses. A number of reported associations

were not explored due to insufficient exposures in the

dataset.

Statistical analysis

All analyses were conducted in STATA/SE 12.1 (Stata-

Corp. LP, USA). Prevalence rates, per 10 000 births

Table 1. Total births in population, number of Gastroschisis cases, number of malfromed controls, and total prevalence of Gastroschisis

per 10 000 births by EUROCAT Registry, 1995–2012

Country Registry Time period

Total births in

population

Gastroschisis

casesa
Malformed

controls

Total prevalence of gastroschisis

per 10 000 births (95% CI)

Belgium Antwerp 1997–2012 308 067 43 6510 1.4 (1.0, 1.9)

Croatia Zagreb 1995–2012 120 403 21 1858 1.7 (1.1, 2.7)

Denmark Odense 1995–2012 96 816 22 2167 2.3 (1.4, 3.4)

France Isle de Reunion 2002–2012 161 071 37 3530 2.3 (1.6, 3.2)

France Paris 2001–2012 319 636 51 7608 1.6 (1.2, 2.1)

Germany Mainz 1996–2012 55 436 33 2246 6.0 (4.1, 8.4)

Germany Saxony Anhalt 1995–2012 274 845 104 7939 3.8 (3.1, 4.6)

Ireland South East Ireland 1997–2012 108 730 14 1657 1.3 (0.7, 2.2)

Italy Emilia Romagna 1995–2012 595 214 52 9923 0.9 (0.7, 1.1)

Italy Tuscany 1995–2012 505 101 34 9277 0.7 (0.5, 0.9)

Netherlands Northern

Netherlands

1995–2012 340 310 38 7373 1.1 (0.8, 1.5)

Norway Norway 2005–2010 364 160 116 9249 3.2 (2.6, 3.8)

Poland Poland 1999–2010 3 228 380 532 43 750 1.6 (1.5, 1.8)

Poland Wielkopolska 1999–2010 440 096 71 10 683 1.6 (1.3, 2.0)

Spain Valencia Region 2007–2012 314 704 37 5939 1.2 (0.8, 1.6)

Switzerland Vaud 1997–2012 120 397 18 3729 1.5 (0.9, 2.4)

Ukraine Ukraine 2005–2012 241 508 86 5219 3.6 (2.8, 4.4)

United Kingdom Wales 1998–2012 501 720 278 16 220 5.5 (4.9, 6.2)

Total 1995–2012 8 096 594 1587b 154 877 2.0 (1.9, 2.1)

aTotal cases = (livebirths + stillbirths + terminations of pregnancy). Excludes those with a chromosomal/monogenic syndrome.
bTen gastroschisis cases were excluded from the case-malformed control analysis as they were also recorded as having omphalocele,

non-specific abdominal wall anomalies, limb-body-wall complex, or body stalk anomalies.
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were calculated as the (number of cases (live-

births + stillbirths + TOPFA)/the number of births

(livebirths + stillbirths)) 9 10 000.

Odds Ratios (ORs) were calculated for each of the

medication exposure and maternal illness signals

described in the literature where there were at least

three observed, or three expected, gastroschisis cases

in the EUROmediCAT database. If the signal was at

the higher level, component groups were considered

‘signal components’ and are indicated as such in the

tables, e.g. depression was considered a component of

the ‘any mental disorder’ signal. In addition, all medi-

cation exposures at the 5th and 4th ATC level and

maternal illness, before or during pregnancy, with at

least three observed, or three expected, gastroschisis

cases were included in an exploratory signal generat-

ing analysis. If the same number of gastroschisis cases

were exposed at the 4th and 5th level, the 4th level

exposure was not investigated.

Logistic regression was used to calculate unad-

justed and adjusted ORs, and 95% CIs, for each expo-

sure. Adjustment was made for maternal age group

(<20, 20–24, 25–29, and 30+), registry and time period

(1995–2000, 2001–2006, and 2007–2012). Likelihood

ratio tests were used to assess interactions between

maternal age and exposure variables.

For the medication exposures, sensitivity analyses

were conducted (1) excluding those with pregesta-

tional or gestational diabetes, antidiabetic or anti-epi-

leptic medication (2) excluding those whose

medication exposure status was ‘unknown’ (3)

excluding those not exposed to any medication (vita-

min/mineral were not considered medications).

If a medication or maternal illness was known to be

associated with a congenital anomaly subgroup

included among the controls, a sensitivity analysis

was conducted excluding the relevant congenital

anomaly subgroup from the controls.

In recognition of the potential for multiple testing to

generate significant results by chance, the need to

avoid overreliance on significance testing23,24 and the

low power of analyses of rare exposures, we prespeci-

fied criteria for interpretation of the results. We con-

sidered a signal from the literature to be ‘supported’ if

the aOR ≥ 1.5 and the CI excluded 1. If the aOR was

≥1.5 and the CIs did not exclude 1 the signal was

‘weakly supported’. New signals generated in the

exploratory analysis were only considered if the aOR

was ≥1.5 with CI excluding 1. Where the lower 95% CI

of a new signal was not ≥1.5, generated signals were

considered weak. We did not consider aORs <1.5 for

signal evaluation or generation due to the small num-

ber of gastroschisis cases and the greater potential for

confounding.

All medication and maternal illness exposures

found to be associated with gastroschisis were vali-

dated by confirming the gastroschisis diagnosis, med-

ication/illness exposure, and timing of the exposure

with the registries. The ratio of gastroschisis cases iso-

lated/potentially multiply malformed was explored

for associations with 10 or more exposures to identify

any large disproportion.

Ethics

Ethical approval was provided by the University of

Ulster Nursing Research Governance Filter

Committee.

Results

Gastroschisis population

Excluding those with chromosomal/monogenic syn-

dromes there were 1587 gastroschisis cases across the

18 EUROmediCAT registries (1995–2012), for a total

prevalence of 2.0 (95% CI 1.9, 2.1) gastroschisis cases

per 10 000 births. The prevalence of gastroschisis

varied across the registries (Table 1).

After exclusions, 1577 gastroschisis cases, 83.0% of

which were isolated, were compared to 153 357 non-

chromosomal/monogenic controls. Of the gastroschi-

sis cases 85% were live births, 4% stillbirths, and 11%

TOPFAs. 69% of cases were prenatally diagnosed (in-

cluding TOPFA). Excluding TOPFAs 60% of cases

were preterm (<37 gestational weeks) and 63% low

birthweight (<2500 g). Adjusting for registry and time

period, cases were more likely to have been born to

young mothers (<20, aOR 5.76, 95% CI 4.93, 6.72; 20–

24, aOR 2.76, 95% CI 2.42–3.15) and less likely to have

been born to older mothers (30+, aOR 0.44, 95% CI

0.38–0.53), compared to mothers aged 25–29.

Medication exposures: signal evaluation

The signal for antidepressants was supported

(Table 2). The majority of antidepressant exposures

were to selective serotonin reuptake inhibitors (SSRIs)

© 2017 John Wiley & Sons Ltd

Paediatric and Perinatal Epidemiology, 2017, ��, ��–��

4 J. E. Given et al.



with fluoxetine, citalopram, and sertraline all associ-

ated with gastroschisis (Table 2). After excluding con-

genital heart disease controls due to their putative

association with SSRIs,12,25 the OR was essentially

unchanged (aOR 2.40, 95% CI 1.36, 4.27). Antide-

pressant, and SSRI exposure, were twice as preva-

lent among mothers 30+ years old than among those

<20, but there was no evidence of an interaction

between maternal age and antidepressant exposure

in their effect on gastroschisis risk (P = 0.43) or

between maternal age and SSRI exposure (P = 0.66).

The signal for oral contraceptives was supported

(Table 2) with 8 of the 10 gastroschisis cases exposed

to the combined oral contraceptive levonorgestrel and

ethinylestradiol. Exposure to an oral contraceptive

was twice as prevalent among mothers <20 than

among those 30+, but there was no evidence of an

interaction between maternal age and oral contracep-

tive exposure (P = 0.66).

The signal for topical antivirals was supported

(Table 2) but there were insufficient exposures to test

the antiherpetic medication signal.

Signals relating to the analgesics paracetamol, non-

steroidal anti-inflammatory drugs, diclofenac, ibupro-

fen, opioid analgesics, and codeine combinations

excluding psycholeptics were weakly supported

(Table 2). There was no support for the aspirin or sali-

cylate signals.26,27

There was no support for the signals for asthma

medications, either all asthma medications, inhaled b2
agonists,28 bronchodilators,29 or salbutamol and gas-

troschisis (Table 2). Excluding from controls anoma-

lies previously associated with asthma medication28

produced the same results.

Maternal illness: signal evaluation

Cases were less likely than controls to have had

maternal exposure to ‘any (pregestational or gesta-

tional) diabetes’ and pregestational diabetes (Table 3

and Table S4). Excluding from controls anomalies

previously associated with diabetes30 somewhat

decreased the size of the negative association (aOR

0.41, 95% CI 0.17, 0.99 and aOR 0.20, 95% CI 0.03, 1.45

respectively).

There was weak support for an association with

‘any mental disorder’, depression, and ‘mental and

behavioural disorders associated with the puer-

perium’ (Table 3). Half of the gastroschisis cases

with depression and a third of those with ‘mental

and behavioural disorders associated with the puer-

perium’ were exposed to an antidepressant in the

first trimester. The prevalence of these mental dis-

orders varied little across maternal age groups.

Signals for sexually transmitted infections (STIs)

excluding and including yeast/vaginal infections

were supported but there was no evidence for an

association with urinary tract infection.13,31 STIs

including yeast/vaginal infections were six times as

prevalent among mothers <20 than among mothers

30+ but there was no evidence of an interaction

(P = 0.23). The STI diagnosis includes genital herpes

but there were not enough exposures to genital herpes

to explore this exposure directly.

Medication and maternal illness: exploratory
analyses

Thirty-nine non-signal ATC codes were tested for an

association with gastroschisis in the exploratory

analysis (Table S3). There were signals for vitamin E

(aOR 5.74, 95% CI 1.68, 19.59, n = 3) and bromhex-

ine (aOR 29.48, 95% CI 8.24, 105.50, n = 3), and

weak signals for hydrocortisone (aOR 3.94, 95% CI

1.19, 13.01, n = 3) and drotaverine (aOR 2.31, 95% CI

1.08, 4.97, n = 7). Caution should be used when

interpreting the drotaverine and vitamin E signals.

The drotaverine signal was not robust in the sensi-

tivity analysis and two of the three cases involved

in the vitamin E signal were also exposed to dro-

taverine.

Fourteen non-signal maternal illnesses were tested

for an association with gastroschisis in the exploratory

analysis (Table S5). Further maternal infections were

associated with gastroschisis, producing a signal for

acute tonsillitis (aOR 8.40, 95% CI 2.41, 29.31, n = 3)

and weak signals for ‘acute upper respiratory infec-

tions of multiple or unspecified sites’ (aOR 2.65, 95%

CI 1.46, 4.81, n = 13) and ‘bacterial infection of

unspecified site’ (aOR 3.56, 95% CI 1.06, 11.98, n = 3).

There were also weak signals for haemorrhage in

early pregnancy (aOR 1.52, 95% CI 1.01, 2.31, n = 27)

and ‘gastritis and duodenitis’ (aOR 3.12, 95% CI 1.11,

8.75, n = 4).

There was no disproportion in the ratio of isolated

to potentially multiply malformed gastroschisis cases

for any of the medication or maternal illness signals

with more than 10 exposed cases.

© 2017 John Wiley & Sons Ltd

Paediatric and Perinatal Epidemiology, 2017, ��, ��–��

Gastroschisis in Europe 5



T
ab

le
2
.
T
h
e
as
so
ci
at
io
n
b
et
w
ee
n
G
as
tr
o
sc
h
is
is
an

d
m
ed

ic
at
io
n
s
w
it
h
si
g
n
al
s
in

th
e
li
te
ra
tu
re
:n

u
m
b
er

o
f
ex
p
o
su

re
s,
n
u
m
b
er

o
f
G
as
tr
o
sc
h
is
is
ca
se
s
ex
p
o
se
d
,u

n
ad

ju
st
ed

an
d
m
at
er
n
al

ag
e,
re
g
is
tr
y
,a

n
d
ti
m
e-
ad

ju
st
ed

O
d
d
s
R
at
io
s
fo
r
m
ai
n
an

d
se
n
si
ti
v
it
y
an

al
y
se
s

E
x
p
o
se
d

in

d
at
as
et

G
as
tr
o
sc
h
is
is

ca
se
s

ex
p
o
se
d

M
ai
n
an

al
y
si
s

S
en

si
ti
v
it
y
an

al
y
se
s

C
o
m
p
le
te

d
at
as
et

E
x
cl
u
d
in
g
u
n
k
n
o
w
n

m
ed

ic
at
io
n
ex
p
o
su

re
s

O
n
ly

m
ed

ic
at
io
n
ex
p
o
se
d

E
x
cl
u
d
in
g
d
ia
b
et
es

an
d
an

ti
-e
p
il
ep

ti
c

m
ed

ic
at
io
n
ex
p
o
se
d

U
n
ad

ju
st
ed

O
R
(9
5%

C
I)

A
d
ju
st
ed

O
R
(9
5%

C
I)

U
n
ad

ju
st
ed

O
R
(9
5%

C
I)

A
d
ju
st
ed

O
R
(9
5%

C
I)

U
n
ad

ju
st
ed

O
R

(9
5%

C
I)

A
d
ju
st
ed

O
R

(9
5%

C
I)

E
x
p
o
se
d

in

d
at
as
et

G
as
tr
o
sc
h
is
is

ex
p
o
se
d

U
n
ad

ju
st
ed

O
R
(9
5%

C
I)

A
d
ju
st
ed

O
R
(9
5%

C
I)

A
sp

ir
in

57
7

2
0.
34

(0
.0
8,
1.
36
)

0.
59

(0
.1
5,
2.
37
)

0.
30

(0
.0
8,
1.
22
)

0.
52

(0
.1
3,
2.
11
)

0.
31

(0
.0
8,
1.
25
)

0.
51

(0
.1
2,
2.
08
)

53
6

2
0.
36

(0
.0
9,
1.
45
)

0.
62

(0
.1
5,
2.
48
)

A
sp

ir
in

o
r
Ib
u
p
ro
fe
n

82
5

6
0.
72

(0
.3
2,
1.
60
)

1.
00

(0
.4
4,
2.
25
)

0.
64

(0
.2
9,
1.
44
)

0.
91

(0
.4
0,
2.
05
)

0.
66

(0
.2
9,
1.
48
)

0.
86

(0
.3
7,
1.
95
)

77
5

6
0.
75

(0
.3
4,
1.
68
)

1.
03

(0
.4
6,
2.
31
)

Ib
u
p
ro
fe
n

24
9

4
1.
60

(0
.6
0,
4.
30
)

1.
54

(0
.5
6,
4.
20
)

1.
44

(0
.5
3,
3.
87
)

1.
44

(0
.5
3,
3.
96
)

1.
49

(0
.5
5,
4.
05
)

1.
30

(0
.4
7,
3.
60
)

24
0

4
1.
64

(0
.6
1,
4.
40
)

1.
55

(0
.5
7,
4.
24
)

N
S
A
ID

s
59
5

10
1.
68

(0
.9
0,
3.
14
)

1.
81

(0
.9
5,
3.
43
)

1.
51

(0
.8
0,
2.
83
)

1.
71

(0
.8
9,
3.
27
)

1.
58

(0
.8
3,
3.
00
)

1.
56

(0
.8
1,
3.
02
)

57
3

10
1.
72

(0
.9
2,
3.
22
)

1.
84

(0
.9
7,
3.
49
)

D
ic
lo
fe
n
ac

a
15
0

4
2.
69

(0
.9
9,
7.
27
)

2.
70

(0
.9
8,
7.
45
)

2.
41

(0
.8
9,
6.
53
)

2.
77

(1
.0
0,
7.
72
)

2.
52

(0
.9
2,
6.
86
)

2.
46

(0
.8
7,
6.
92
)

14
3

4
2.
78

(1
.0
3,
7.
53
)

2.
74

(0
.9
9,
7.
57
)

S
al
ic
y
la
te
s

62
6

3
0.
47

(0
.1
5,
1.
46
)

0.
77

(0
.2
5,
2.
42
)

0.
42

(0
.1
4,
1.
31
)

0.
69

(0
.2
2,
2.
17
)

0.
43

(0
.1
4,
1.
35
)

0.
60

(0
.1
9,
1.
92
)

58
5

3
0.
50

(0
.1
6,
1.
55
)

0.
80

(0
.2
6,
2.
51
)

P
ar
ac
et
am

o
l

10
64

15
1.
40

(0
.8
4,
2.
34
)

1.
66

(0
.9
9,
2.
81
)

1.
26

(0
.7
5,
2.
11
)

1.
43

(0
.8
4,
2.
42
)

1.
32

(0
.7
8,
2.
24
)

1.
27

(0
.7
3,
2.
19
)

10
38

15
1.
42

(0
.8
5,
2.
37
)

1.
69

(1
.0
0,
2.
85
)

O
p
io
id

an
al
g
es
ic
s

29
2

7
2.
76

(1
.3
6,
5.
58
)

1.
98

(0
.9
7,
4.
07
)

2.
48

(1
.2
2,
5.
03
)

1.
77

(0
.8
6,
3.
68
)

2.
61

(1
.2
8,
5.
35
)

1.
56

(0
.7
4,
3.
28
)

28
0

8
2.
85

(1
.4
1,
5.
76
)

2.
05

(1
.0
0,
4.
22
)

C
o
d
ei
n
e,

co
m
b
in
at
io
n
s

ex
cl
u
d
in
g

p
sy
ch

o
le
p
ti
cs

a

18
1

5
2.
79

(1
.1
4,
6.
79
)

1.
84

(0
.7
4,
4.
57
)

2.
51

(1
.0
3,
6.
11
)

1.
68

(0
.6
7,
4.
21
)

2.
62

(1
.0
7,
6.
44
)

1.
47

(0
.5
8,
3.
72
)

17
4

5
2.
86

(1
.1
7,
6.
97
)

1.
93

(0
.7
8,
4.
78
)

A
n
ti
-d
ep

re
ss
an

ts
77
7

16
2.
07

(1
.2
6,
3.
41
)

2.
03

(1
.2
2,
3.
38
)

1.
86

(1
.1
3,
3.
07
)

1.
73

(1
.0
4,
2.
90
)

1.
99

(1
.1
9,
3.
32
)

1.
64

(0
.9
6,
2.
81
)

70
9

16
2.
24

(1
.3
6,
3.
69
)

2.
14

(1
.2
8,
3.
56
)

S
S
R
Is

a
50
6

13
2.
60

(1
.4
9,
4.
51
)

2.
45

(1
.3
9,
4.
33
)

2.
34

(1
.3
4,
4.
07
)

2.
12

(1
.2
0,
3.
75
)

2.
49

(1
.4
1,
4.
39
)

2.
03

(1
.1
2,
3.
68
)

47
1

13
2.
75

(1
.5
8,
4.
79
)

2.
55

(1
.4
4,
4.
49
)

F
lu
o
x
et
in
ea

11
3

4
3.
60

(1
.3
3,
9.
78
)

3.
03

(1
.0
9,
8.
45
)

3.
24

(1
.1
9,
8.
80
)

2.
53

(0
.9
0,
7.
08
)

3.
38

(1
.2
3,
9.
25
)

2.
20

(0
.7
7,
6.
25
)

10
4

4
3.
87

(1
.4
2,
10
.5
2)

3.
15

(1
.1
3,
8.
79
)

C
it
al
o
p
ra
m

a
14
4

5
3.
53

(1
.4
4,
8.
63
)

3.
06

(1
.2
3,
7.
61
)

3.
17

(1
.3
0,
7.
77
)

2.
44

(0
.9
7,
6.
10
)

3.
32

(1
.3
5,
8.
20
)

2.
29

(0
.8
9,
5.
88
)

13
6

5
3.
69

(1
.5
1,
9.
03
)

3.
11

(1
.2
5,
7.
74
)

S
er
tr
al
in
ea

74
3

4.
14

(1
.3
0,
13
.1
7)

4.
19

(1
.2
7,
13
.7
6)

3.
72

(1
.1
7,
11
.8
4)

3.
74

(1
.1
4,
12
.3
1)

3.
88

(1
.2
1,
12
.4
2)

3.
86

(1
.1
5,
12
.9
4)

68
3

4.
46

(1
.4
0,
14
.2
1)

4.
35

(1
.3
2,
14
.3
3)

T
o
p
ic
al

an
ti
v
ir
al
sa

82
3

3.
72

(1
.1
7,
11
.8
1)

5.
31

(1
.6
3,
17
.3
3)

3.
35

(1
.0
5,
10
.6
2)

5.
47

(1
.6
5,
18
.1
5)

3.
49

(1
.0
9,
11
.1
3)

5.
13

(1
.5
3,
17
.2
2)

79
3

3.
81

(1
.2
0,
12
.1
0)

5.
40

(1
.6
5,
17
.6
4)

A
ll
as
th
m
a

m
ed

ic
at
io
n
s

14
55

23
1.
58

(1
.0
4,
2.
40
)

1.
30

(0
.8
5,
1.
99
)

1.
42

(0
.9
4,
2.
16
)

1.
10

(0
.7
1,
1.
69
)

1.
52

(0
.9
8,
2.
35
)

0.
93

(0
.5
8,
1.
48
)

13
85

23
1.
64

(1
.0
8,
2.
48
)

1.
35

(0
.8
8,
2.
06
)

In
h
al
ed

b2
ag

o
n
is
ts

88
8

16
1.
81

(1
.1
0,
2.
97
)

1.
29

(0
.7
7,
2.
14
)

1.
62

(0
.9
9,
2.
68
)

1.
08

(0
.6
5,
1.
80
)

1.
72

(1
.0
3,
2.
88
)

0.
90

(0
.5
2,
1.
55
)

84
4

16
1.
87

(1
.1
4,
3.
08
)

1.
33

(0
.8
0,
2.
21
)

B
ro
n
ch

o
d
il
at
o
rs

b
82
0

16
1.
96

(1
.1
9,
3.
22
)

1.
44

(0
.8
7,
2.
40
)

1.
76

(1
.0
7,
2.
91
)

1.
21

(0
.7
2,
2.
02
)

1.
88

(1
.1
2,
3.
14
)

1.
01

(0
.5
8,
1.
75
)

77
6

16
2.
04

(1
.2
4,
3.
36
)

1.
50

(0
.9
0,
2.
49
)

S
al
b
u
ta
m
o
la

78
2

14
1.
79

(1
.0
5,
3.
05
)

1.
29

(0
.7
5,
2.
21
)

1.
61

(0
.9
5,
2.
75
)

1.
07

(0
.6
2,
1.
84
)

1.
70

(0
.9
9,
2.
94
)

0.
88

(0
.4
9,
1.
57
)

74
0

14
1.
87

(1
.1
0,
3.
18
)

1.
33

(0
.7
8,
2.
30
)

A
d
re
n
er
g
ic
s
in

co
m
b
in
at
io
n
w
it
h

co
rt
ic
o
st
er
o
id
s
o
r

o
th
er

d
ru
g
s,
ex
cl
u
d
in
g

an
ti
ch

o
li
n
er
g
ic
sa

21
4

3
1.
39

(0
.4
5,
4.
36
)

1.
35

(0
.4
3,
4.
30
)

1.
25

(0
.4
0,
3.
92
)

1.
23

(0
.3
9,
3.
95
)

1.
30

(0
.4
1,
4.
08
)

1.
11

(0
.3
4,
3.
61
)

20
7

3
1.
42

(0
.4
5,
4.
44
)

1.
36

(0
.4
3,
4.
34
)

G
lu
co
co
rt
ic
o
id
sa

53
0

4
0.
74

(0
.2
8,
1.
99
)

0.
69

(0
.2
6,
1.
87
)

0.
67

(0
.2
5,
1.
79
)

0.
57

(0
.2
1,
1.
55
)

0.
68

(0
.2
5,
1.
85
)

0.
49

(0
.1
8,
1.
34
)

50
5

4

B
ec
lo
m
et
as
o
n
ea

29
6

1
0.
33

(0
.0
5,
2.
36
)

0.
30

(0
.0
4,
2.
17
)

0.
30

(0
.0
4,
2.
12
)

0.
24

(0
.0
3,
1.
73
)

0.
30

(0
.0
4,
2.
18
)

0.
20

(0
.0
3,
1.
46
)

28
3

1
0.
34

(0
.0
5,
2.
44
)

0.
32

(0
.0
4,
2.
27
)

O
ra
l
co
n
tr
ac
ep

ti
v
es

36
3

10
2.
79

(1
.4
8,
5.
23
)

2.
17

(1
.1
3,
4.
18
)

2.
51

(1
.3
3,
4.
72
)

2.
24

(1
.1
5,
4.
37
)

2.
65

(1
.3
9,
5.
05
)

2.
08

(1
.0
5,
4.
12
)

34
8

10
2.
87

(1
.5
3,
5.
39
)

2.
25

(1
.1
7,
4.
33
)

P
ro
g
es
to
g
en

s
an

d

o
es
tr
o
g
en

s,
fi
x
ed

co
m
b
in
at
io
n
sa

27
0

8
3.
00

(1
.4
8,
6.
08
)

2.
22

(1
.0
7,
4.
60
)

2.
70

(1
.3
3,
5.
47
)

2.
20

(1
.0
5,
4.
62
)

2.
85

(1
.3
9,
5.
83
)

2.
02

(0
.9
5,
4.
29
)

26
1

8
3.
06

(1
.5
1,
6.
20
)

2.
29

(1
.1
0,
4.
74
)

L
ev

o
n
o
rg
es
tr
el

an
d

E
th
in
y
le
st
ra
d
io
la

16
3

8
5.
08

(2
.4
9,
10
.3
5)

4.
02

(1
.9
0,
8.
50
)

4.
57

(2
.2
4,
9.
33
)

4.
07

(1
.9
0,
8.
72
)

4.
84

(2
.3
4,
9.
98
)

3.
71

(1
.7
0,
8.
12
)

16
1

8
5.
07

(2
.4
8,
10
.3
3)

4.
06

(1
.9
2,
8.
60
)

It
w
as

n
o
t
p
o
ss
ib
le

to
te
st

a
n
u
m
b
er

o
f
si
g
n
al

m
ed

ic
at
io
n
s
d
u
e
to

in
su

ffi
ci
en

t
n
u
m
b
er
s
o
f
ex
p
o
se
d
g
as
tr
o
sc
h
is
is
ca
se
s
[n
]:
d
ih
y
d
ro
co
d
ei
n
e
[n

=
0]
,
p
ar
o
x
et
in
e
[n

=
0]
,
v
en

la
fa
x
in
e
[n

=
1]
,
an

ti
h
er
p
et
ic
s
[n

=
2]
,
d
ip
h
en

h
y
d
ra
m
in
e

[n
=
0]
,p

h
en

y
lp
ro
p
an

o
la
m
in
e
[n

=
0]
,p

se
u
d
o
ep

h
ed

ri
n
e
[n

=
0]
,o

ra
l
d
ec
o
n
g
es
ta
n
ts
[n

=
0]
.

a
M
ed

ic
at
io
n
o
r
m
ed

ic
at
io
n
g
ro
u
p
w
h
ic
h
is
a
co
m
p
o
n
en

t
o
f
a
m
ed

ic
at
io
n
si
g
n
al

an
d
h
ad

m
o
re

th
an

3,
o
r
3
ex
p
ec
te
d
,e
x
p
o
su

re
s
at

th
e
4t
h
o
r
5t
h
A
T
C
le
v
el
.

b
S
al
b
u
ta
m
o
l,
sa
lm

et
er
o
l,
p
ir
b
u
te
ro
l,
ip
ra
tr
o
p
iu
m

b
ro
m
id
e,
ep

h
ed

ri
n
e,
ep

in
ep

h
ri
n
e,
th
eo

p
h
y
ll
in
e.

© 2017 John Wiley & Sons Ltd

Paediatric and Perinatal Epidemiology, 2017, ��, ��–��

6 J. E. Given et al.



Comment

Gastroschisis is a rare anomaly, occurring on aver-

age in one in every 5000 births in Europe. We have

added to a growing evidence base that the mater-

nofoetal environment is important in the causation

of gastroschisis, specifically in respect to maternal

illness and medication, pointing to the need for

greater understanding of causal pathways. Among

teenage mothers, one in every 870 births was

affected by gastroschisis, either due to their greater

vulnerability to, or more frequent exposure to these

and other unmeasured factors acting singly or in

combination.

Mental illness is common among women of repro-

ductive age with an estimated 7%–11% of pregnant

women affected by depression in their first trime-

ster.32 Antidepressants are also increasingly being

used during pregnancy, with SSRIs the most fre-

quently prescribed.33,34 Our study confirmed that first

trimester exposure to antidepressants, specifically

SSRIs,12,25 and mental disorders,31 including depres-

sion, were associated with gastroschisis. As antide-

pressant use is more prevalent among older mothers

this relationship is contrary to the known association

between gastroschisis and young maternal age. A

recent multi-country population based cohort study

found a low and non-significant OR for SSRIs, particu-

larly with sibling controls,35 but was much smaller

and did not include stillbirths and TOPFAs. We could

not effectively control for confounding by indication

due to incomplete ascertainment of both medication

and illness exposures. We had no information on life

style factors, such as smoking,9 alcohol consumption10

or illicit drug use11 which could confound the associa-

tion with mental health. Whatever the causal path-

way, mothers with depression should be considered a

high-risk group for gastroschisis.

First trimester exposure to oral contraceptives,

mainly levonorgestrel and ethinylestradiol, was con-

firmed to be associated with gastroschisis.36 Oestrogen-

related thrombosis has been proposed as one of the

pathogenic mechanisms behind gastroschisis.37 High

oestrogen levels are typical for young women in the

early gestational stages when anomalies develop6

and this hormonal mechanism may contribute to the

high risk for young women. Alternatively, oral contra-

ceptive exposure may be acting as a marker for an

unplanned pregnancy with a suboptimal periconcep-

tional environment.

Infections repeatedly showed associations with gas-

troschisis in our data, adding to the existing litera-

ture.13,31,38 Maternal STI was associated with a 2–3

times increased risk of gastroschisis. Further support-

ing evidence is provided by studies which found

biological markers of recent chlamydia infection39

and reactivation of previous herpes simplex virus

type 2 infection40 to be associated with gastroschisis.

STIs may be one of the factors explaining the high

risk of gastroschisis in young mothers. Both a direct

effect and indirect effect of STI exposure, through

immune and inflammatory responses, have been

suggested.13,39 While the association found for topi-

cal antivirals may be confounded by indication there

is also the potential for medications used in the treat-

ment of STIs to be contributing to the increased risk

of gastroschisis. Interestingly, we found no support-

ing evidence for an association with urinary tract

infections, contrary to some other studies.13,31 There

was new evidence in our data relating to acute ton-

sillitis and to a lesser degree respiratory infections,

bacterial infections, and gastritis/duodenitis (which

can be caused by helicobacter pylori infection).

Maternal infection as indication may have con-

founded the signals we found for bromhexine, an

expectorant, and drotaverine, an antispasmodic.

A number of analgesics were weakly associated

with gastroschisis. We found weak evidence to sup-

port the signal for paracetamol and there is contradic-

tory evidence relating to this association in the

literature.10,26,41 While we found a weak association

with non-steroidal anti-inflammatory drugs generally,

and ibuprofen and diclofenac specifically, both our

study and another recent study42 found no evidence

to support the signals previously published for

aspirin or salicylates.26,43 There is known under ascer-

tainment for over the counter medications in the

EUROmediCAT database17 and this will have

reduced our power to detect an increased risk associ-

ated with these analgesics. If these analgesics were

used during maternal infections, there is again the

potential for confounding by indication.

Pregestational diabetes is a strong risk factor for a

range of anomalies.30 The signal for an increased risk

of gastroschisis in those with (pregestational or gesta-

tional) diabetes arose in a study with unreliable dia-

betes ascertainment.44 We found no evidence for an

increased risk of gastroschisis among those with

either any (pregestational or gestational) diabetes or

pregestational diabetes. Instead, in agreement with

© 2017 John Wiley & Sons Ltd
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another study which was able to control for maternal

body mass index,31 we found evidence for a protec-

tive effect of diabetes. While the magnitude of the

effect decreased, it persisted after correcting for the

fact that our malformed controls contained anomalies

associated with pregestational diabetes. Further evi-

dence to support this apparent protective effect

should be sought but it does fit with the known

negative association between gastroschisis and high

maternal body mass index.45

No association was found between asthma medica-

tions, either all asthma medications, inhaled b2 agonists
or bronchodilators, and gastroschisis. This signal arose

in a study of bronchodilators,29 but previous evidence

from EUROmediCAT data has been inconsistent.28,46

In a previous study,5 we established that the

geographical variation within Europe persisted inde-

pendently of maternal age differences between popu-

lations. We have shown here that many of the

exposures conferring risk are more common among

young mothers. Our ability to shed light on the extent

to which maternal illness or medication contribute to

maternal age and geographical variation in preva-

lence is limited due to incomplete ascertainment of

both these exposures in cases and controls, and varia-

tion in ascertainment between registries.

Strengths and weaknesses

EUROmediCAT’s international population based data-

base covers a very large population suitable for study-

ing a rare condition such as gastroschisis, contains

detailed coding of all congenital anomalies16 and

includes TOPFA which constituted more than 11% of

gastroschisis cases and 5% of controls. The data are stan-

dardized across the registries, although registers differ

in their exposure ascertainment methodology.16 Gas-

troschisis cases identified prenatally were confirmed

after live/stillbirth. Practice following TOPFA varies but

usually either an external or full post-mortem take

place. Less than 1% of gastroschisis cases occurred in

very early TOPFA (before 13 gestational weeks) where

diagnostic accuracy may be less certain. Although the

distinction between gastroschisis and omphalocele was

a concern in early studies4 the data analysed here

started in 1995 when diagnostic accuracy was good. Use

of the BPA extension to ICD-9 ensured that gastroschisis

and omphalocele were recorded separately and we

excluded all of those with poorly specified abdominal

wall diagnoses from both cases and controls.

There is no information on confounders such as

smoking or alcohol, and limited ability to control for

confounding by indication. It was therefore not possible

to disentangle the relative contributions of maternal ill

health and the medications used in its treatment. As

maternal illness during pregnancy is recorded up to the

20th gestational week acute illnesses, such as infections,

may have occurred outside the first trimester, in both

cases and controls. This will be less of a concern for

chronic illnesses such as depression.

Teratogen non-specificity bias, where the exposure

in question is associated with both cases and controls,

may have diluted ORs.20 However, when the control

group was restricted to address this issue the ORs

changed very little suggesting that the wide variety

of anomalies within our control group negated this

problem.

There is known under ascertainment of medication

exposure in the EUROmediCAT database, particu-

larly for over the counter medications.17,47 This will

have reduced the power of our analysis but should

not have introduced bias as cases and controls had

equal probability of having their exposure recorded.20

Due to multiple testing of many exposures, some

chance positive associations are likely, but we found

more positive associations than expected by chance.

We mitigated this by clearly specifying our prior

hypotheses, to be tested as signals from the literature,

examining patterns of exposures (e.g. mental health

or infection related) and pre-specifying criteria for

interpretation of the strength of the evidence.

Conclusion

Our study adds strong evidence that antidepres-

sants and/or mental health disorders, a variety of

maternal infections, particularly STIs, and continua-

tion of oral contraceptives in early pregnancy are

associated with gastroschisis. Better understanding

of these risk factors, in particular the complex of

risk factors more prevalent among young mothers,

who are at higher risk of gastroschisis, should help

target supportive services reducing the prevalence

of gastroschisis and improving maternal and foetal

health more generally.
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