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Abstract 

Objectives  The aetiology of gastroschisis is considered multifactorial. We conducted a systematic review and meta-
analysis to assess whether the use of medications during pregnancy, is associated with the risk of gastroschisis 
in offspring.

Methods  PubMed, EMBASE, and Scopus were searched from 1st January 1990 to 31st December 2020 to identify 
observational studies examining the association between medication use during pregnancy and the risk of gas-
troschisis. The Newcastle–Ottawa Scale was used for the quality assessment of the individual studies. We pooled 
adjusted measures using a random-effect model to estimate relative risk [RR] and the 95% confidence interval [CI]. I2 
statistic for heterogeneity and publication bias was calculated.

Results  Eighteen studies providing data on 751,954 pregnancies were included in the meta-analysis. Pooled RRs 
showed significant associations between aspirin (RR 1.66, 95% CI 1.16–2.38; I2 = 58.3%), oral contraceptives (RR 1.52, 
95% CI 1.21–1.92; I2 = 22.0%), pseudoephedrine and phenylpropanolamine (RR 1.51, 95% CI 1.16–1.97; I2 = 33.2%), 
ibuprofen (RR 1.42, 95% CI 1.26–1.60; I2 = 0.0%), and gastroschisis. No association was observed between paracetamol 
and gastroschisis (RR 1.16, 95% CI 0.96–1.41; I2 = 39.4%).

Conclusions  These results suggest that the exposure in the first trimester of pregnancy to over the counter medi-
cations (OTC) such as aspirin, ibuprofen, pseudoephedrine and phenylpropanolamine as well as to oral contracep-
tives, was associated with an increased risk of gastroschisis. However, these associations are significant only in par-
ticular subgroups defined by geographic location, adjustment variables and type of control. Therefore, further 
research is needed to investigate them as potential risk factors for gastroschisis, to assess their safety in pregnancy 
and to develop treatment strategies to reduce the risk of gastroschisis in offspring.

PROSPERO registration number: CRD42021287529.
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Introduction
Gastroschisis is a rare congenital anomaly of the abdomi-
nal wall where part of the large intestine, small intestine 
and rarely other abdominal organs protrude through the 
right side in the ventral abdomen. This anomaly does not 
involve the umbilical cord, and the bowel herniation is 
not covered by a membrane [1, 2]. Gastroschisis is mainly 
an isolated congenital anomaly [3].
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Gastroschisis is a severe congenital anomaly with a 
high impact on affected individuals and their families 
regarding the quality of life and healthcare service needs, 
representing a public health issue [4–6]. Identifying 
potential risk factors for gastroschisis is a public health 
priority aimed at developing preventive actions to reduce 
this congenital anomaly’s prevalence and health burden.

Clinical and embryological studies demonstrated that 
the wall defect, results from either an amniotic rupture 
or a separation of the amnio-ectodermal junction at the 
pars flaccida, with the midgut prolapse into the amni-
otic cavity. The rupture occurs at the right side of the 
umbilical cord, during the normal physiologic herniation. 
Moreover, through the observation of embryonic devel-
opment events has been estimated that gastroschisis 
occurs between 56 and 77 days post conception. [1, 2, 7].

The aetiology of gastroschisis is still unclear, most likely 
multifactorial, caused by the interaction of genes and 
environmental risk factors.

Several studies reported an increasing prevalence rate 
worldwide over the past decades, most of them with a 
higher prevalence among young women aged less than 
20 years [8–12]. While epidemiological studies have con-
sistently evidenced the strong association between gas-
troschisis and young maternal age, the aetiologic role of 
environmental factors is still under investigation [13–15].

Three previous literature reviews collected observa-
tional studies assessing the possible associations between 
non-genetic risk factors (e.g., lifestyle, socio-demo-
graphic, maternal illness, medication use) and gastro-
schisis with widely divergent results [16–18].

For medication exposure during pregnancy, the obser-
vational studies suggested an increased risk of gastro-
schisis among pregnant women who have used aspirin, 
ibuprofen, and decongestants. At the same time, incon-
sistent results were found for anti-histamines, antibiotics 
and oral contraceptives [16–18].

A systematic review with meta-analysis by Kozer et al. 
(2002) on maternal aspirin use during pregnancy and 
congenital anomalies showed that the exposure to aspirin 
during the first trimester was associated with a signifi-
cant increased risk of gastroschisis [19]. A recent meta-
analysis showed that maternal smoking, illicit drug use, 
and alcohol consumption during early pregnancy are 
associated with an increased risk of gastroschisis in off-
spring [20].

The present study aimed to qualitatively and quantita-
tively synthesize the available epidemiological evidence 
to investigate the association between medication use 
during pregnancy and gastroschisis.

Methods
Registration of the review protocol
The protocol of this study was registered in PROS-
PERO (International Prospective Register of Systematic 
Reviews, no. CRD42021287529), available at the website: 
https://​www.​crd.​york.​ac.​uk/​prosp​ero/.

Due to the nature of the study, neither ethics approval 
nor informed consent was required.

Literature search strategy
PubMed, EMBASE, and Scopus databases were searched 
electronically, from January 1st 1990 to December 31st 
2020, for all observational studies examining the associa-
tion between medication exposure in pregnancy and the 
risk of gastroschisis. For the search strategy, we used the 
following combinations of the relevant Medical Subject 
Headings (MeSH) and keywords related to the exposure 
and the outcome of interest: [maternal AND “medica-
tion” OR "medical drug” OR “drug therapy”] AND gas-
troschisis. Additional studies were manually searched by 
reference lists of the relevant papers. We searched Eng-
lish language and human studies only.

Details of the search strategy are presented (see Addi-
tional file 1: Table S1).

The systematic review and meta-analysis were con-
ducted following the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses (PRISMA) guidelines 
[21].

Inclusion and exclusion criteria
Studies were included if they were observational studies 
with cohort, case–control or nested case–control design, 
reporting a comparison between pregnant women who 
had been exposed to one or more medications and 
women who had not been exposed to any medication 
during pregnancy and outcomes that included gastro-
schisis. The studies that provided estimates of the asso-
ciation and their corresponding 95% confidence intervals 
[CIs] or presenting sufficient data to estimate them were 
included. Live births, stillbirths, and terminations of 
pregnancy could all be considered suitable endpoints for 
pregnancies.

Animal studies, cross-sectional studies, system-
atic reviews, meta-analyses, reviews, letters, editorials, 
reports, comments, documents issued by regulatory bod-
ies, and book chapters were excluded. Those studies that 
investigated postnatal maternal and/or infant exposure to 
medicines were also excluded.

No inclusion or exclusion criteria concerned the time-
frame of pregnancy exposure to the medicines.

https://www.crd.york.ac.uk/prospero/
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Data extraction and quality assessment
Figure 1 shows the process of the articles identification 
and inclusion. Among 1044 papers identified from the 
literature, 287 duplicative papers were removed. Two 
couple of authors (SB and AC; MS and LM) reviewed 
the remaining 757 articles. Each couple screened titles 
and abstracts of the half of the 757 articles, indepen-
dently to assess conformity with inclusion criteria; 
651 articles were excluded because were irrelevant to 

the current systematic review. Disagreement regard-
ing potential relevance was resolved by discussion 
between the reviewers within the same couple. Next, 
each reviewer independently examined the full-text of 
the remaining 106 articles to assess eligibility, accord-
ing to the inclusion criteria; 52 articles were considered 
eligible and were included in the qualitative synthesis. 
Among them, only 18 articles fitted with our meta-anal-
ysis criteria. Disagreements on the inclusion eligibility 

Records iden�fied through database searching (n=1044):
PubMed (n=212)
EMBASE (n=222)
Scopus (n=610)

gnineercS
dedulcnI

ytilibigilE
noitacifitnedI

No record iden�fied through 
references hand-searching 

Records excluded for duplica�on (n=287)

Records screened (n=757)
Records excluded from 

�tle and abstract 
screening (n=651)

full-text ar�cles assessed for 
eligibility (n=106)

Full-text ar�cles excluded
with reason (n=54):
no outcome data (n=42)
no exposure of interest 
was inves�gated (n=12)

Studies included in systema�c review
(n=52)

Studies included in quan�ta�ve synthesis 
(meta-analysis)

(n=18)
Case-control studies (n=17)

Cohort studies (n=1)

Studies excluded with reason 
(n=34):
an�fungal drugs, 
an�epilep�c, an�psycho�cs,
benzodiazepines, vaccine, 
ADHD medica�on, weight 
loss product and an�herpe�c
(only one study each)
an�hypertensive (only 3
studies)
asthma medica�ons and 
an�histamines (only 4 
studies)
an�depressants (n=7 of 
which 3 studies without
maternal age adjusment)
An�bio�cs (n=5 studies of 
which 1 study without
maternal age adjustment)
Folic Acid (n=8 of which 4 
studies without adjusted 
results)

Fig. 1  Literature search PRISMA flow diagram
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were resolved by discussion between the reviewers 
within the same couple.

Each reviewer independently extracted data from 
included studies, using a standardised form reporting: 
first author, year of publication, study site, study design, 
study period, data source, sample size, type of exposure, 
exposure definition, exposure assessment, window of 
exposure, adjusted or unadjusted measures of associa-
tion (odds ratio [OR], risk ratio [RR], hazard ratio [HR] 
according to the study design) and associated 95% confi-
dence intervals [CIs] and details of the confounders that 
were adjusted for.

Meta-analysis was performed only if more than five 
studies were available for a class of medications and for a 
specific agent, adjusted at least for maternal age.

Quality assessment of the studies was performed inde-
pendently by each reviewer using the Newcastle–Ottawa 
Scale (NOS) [22] (available at https://​www.​ohri.​ca/​progr​
ams/​clini​cal_​epide​miolo​gy/​oxford.​asp), which is rec-
ommended by the Agency for Healthcare Research and 
Quality (AHRQ), and the checklists are provided (see 
Additional file 1: Tables S2 a, b).

The quality assessment scale was based on the follow-
ing three categories: the selection category ranged from 0 
to 4 stars, the comparability category ranged from 0 to 2 
stars, and the exposure category ranged from 0 to 3 stars. 
Therefore, the overall score range was from 0 to 9 stars. 
For the comparability category, controlling for maternal 
age was considered the most important factor and was 
given 1 star to the study controlling for this factor. If any 
other factors (e.g., lifestyle habits, socioeconomic status 
(SES), demographic factors) were controlled for, they 
received 2 stars.

To assess methodological issues that were not common 
to case–control studies and cohort studies, we used the 
following criteria: case–control studies reported partici-
pation rates with a different of < 5% (1 star); cohort stud-
ies with subjects lost to follow up < 95% (1 star), and > 95% 
or not statement (0 star).

As several literature showed [23–28], we considered 
the studies that scored from seven to nine stars as good 
quality, those that scored six or five stars as medium 
quality, and those that scored less than five as poor qual-
ity (see Additional file 1: Table S4).

Statistical analyses
The pooled RR and the 95% CI were calculated using a 
random-effect model. Individual study estimates were 
log-transformed before the generation of the pooled esti-
mate. We investigated the pooled RR for gastroschisis 
with users of medication in pregnancy compared with 
non-users. The presence of heterogeneity was examined 

by the Higgins I2 test, and the p-value less than 0.05 was 
considered statistically significant for heterogeneity [29].

Furthermore, we performed subgroup analyses defined 
by geographic location, adjustment variables, exposure 
period and type of controls. Additionally, to assess the 
robustness of the results, we conducted a sensitivity anal-
ysis excluding the study with the highest weight, with a 
NOS < 7 and those studies published before 1999.

Potential publication bias was evaluated visually by 
Funnel Plot and, more formally, by Egger’s test (sig-
nificance level was set at p < 0.1) [30, 31]. We corrected 
potential publication bias using the trim-and-fill method 
to provide bias-adjusted results [32, 33].

Statistical analyses were performed using Stata SE ver-
sion 16.0 (StataCorp LP, College Station, Texas).

Results
Literature search results
Fifty-two studies fitted against the inclusion criteria and 
were eligible for the qualitative synthesis as specified in 
the PRISMA flow diagram (Fig. 1). Among these, thirty-
four studies [11, 12, 34–45, 47–66] failed meta-analysis 
inclusion criteria (Fig. 1). Detailed characteristics of these 
studies are described (see Additional file  1: Table  S3). 
Eighteen studies [14, 15, 46, 67–81], fitting meta-analysis 
requisites, were included in the meta-analysis providing 
data on 751,954 pregnancies.

Description of the included studies
Detailed characteristics of the 18 individual studies 
included in the meta-analysis are provided (Table 1).

Seventeen were case–control studies [14, 15, 46, 67–
81] and 1 cohort study [73], comparing 26,436 gestational 
users to 725,518 non-users.

Overall, the studies included 28,817 cases and 723,717 
controls, and they were carried out between 1992 and 
2020. Eleven studies were conducted in North America 
(United states of America (USA) and Canada [14, 15, 67, 
70, 75–81], 5 in Europe [46, 69, 71–73], 1 in South Amer-
ica [68] and 1 in Mexico [74].

Outcome data of 5 case–control studies originated 
from USA population-based surveillance registries (i.e. 
National Birth Defects Prevention Study) [14, 15, 67, 
76, 77]; one from the birth defects registry (i.e. Califor-
nia Birth Defects Monitoring Program Registry) [75] and 
one from medical records [70]. For 4 case–control stud-
ies [78–81], outcome data were ascertained from North 
American hospital registries (i.e. Slone Birth Defect 
Study), while the outcome data of 2 studies were from 
the hospitals of Central America (Mexico) and South 
America (Brazil), respectively [68, 74]. Three case–con-
trol studies [46, 69, 72] were conducted in Europe using 

https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


Page 5 of 19Baldacci et al. Orphanet Journal of Rare Diseases           (2024) 19:31 	

Ta
bl

e 
1 

O
ve

rv
ie

w
 o

f s
tu

di
es

 in
cl

ud
ed

 in
 th

e 
sy

st
em

at
ic

 re
vi

ew
 a

nd
 m

et
a-

an
al

ys
is

 (l
is

te
d 

al
ph

ab
et

ic
al

ly
 b

y 
th

e 
fir

st
 a

ut
ho

r)

St
ud

y,
 y

ea
r, 

co
un

tr
y

St
ud

y 
de

si
gn

/t
im

e/
da

ta
 s

ou
rc

e/
ca

se
 

as
ce

rt
ai

nm
en

t

Sa
m

pl
ea

si
ze

Ex
po

su
re

Ex
po

su
re

 
de

fin
iti

on
Ex

po
su

re
 

as
se

ss
m

en
t

W
in

do
w

 o
f e

xp
os

ur
e

M
ea

su
re

s 
of

 
eff

ec
t (

95
%

 C
I)

A
dj

us
te

d 
va

ri
ab

le
s

N
O

S 
sc

or
eb

D
ra

pe
r e

t a
l. 

[4
6]

U
ni

te
d 

Ki
ng

do
m

M
ul

tic
en

tr
e 

Ca
se

–
Co

nt
ro

l (
m

at
ch

ed
 

by
 m

at
er

na
l a

ge
, 

pl
ac

e 
of

 d
el

iv
er

y,
 re

s-
id

en
ce

)/
20

01
–2

00
3/

re
gi

on
al

 c
on

ge
ni

ta
l 

an
om

al
ie

s 
re

gi
st

rie
s/

LB

14
4 

G
as

tr
os

ch
is

is
 

ca
se

s;
43

2 
co

nt
ro

ls

A
sp

iri
n

U
se

, n
on

-u
se

M
at

er
na

l i
nt

er
-

vi
ew

Fi
rs

t t
rim

es
te

r
A

sp
iri

n 
us

e
aO

R 
20

.4
 

(2
.2

–1
91

.5
)

M
at

er
na

l a
ge

, 
BM

I, 
m

ar
ita

l 
st

at
us

, a
sp

iri
n 

us
e,

 s
m

ok
in

g,
 

re
cr

ea
tio

na
l d

ru
g 

us
e,

va
so

co
ns

tr
ic

tiv
e

re
cr

ea
tio

na
l d

ru
g 

us
e,

 g
yn

ec
ol

og
ic

 
in

fe
ct

io
n/

di
se

as
e,

 
ho

m
eo

w
ne

r

9

Fe
ld

ka
m

p 
et

 a
l. 

[6
7]

U
ni

te
d 

St
at

es

M
ul

tic
en

tr
e 

Ca
se

–
co

nt
ro

l/1
99

7–
20

04
/

bi
rt

h 
de

fe
ct

s 
su

rv
ei

lla
nc

e 
sy

st
em

s, 
bi

rt
h 

ce
rt

ifi
ca

te
s 

or
 h

os
pi

ta
ls

 b
irt

h 
lo

gs
 (N

BD
PS

)/
LB

, 
SB

, E
T

11
,6

10
 c

as
es

;
45

00
 c

on
tr

ol
s

G
as

tr
os

ch
is

is
 

ca
se

s:5
31

A
ce

ta
m

in
op

he
n

U
se

, n
on

-u
se

Co
m

pu
te

r 
as

si
st

ed
 te

le
-

ph
on

e 
in

te
rv

ie
w

Fi
rs

t t
rim

es
te

r
A

ce
ta

m
in

op
he

n 
us

e
aO

R 
1.

03
 

(0
.8

3–
1.

28
)

M
at

er
na

l a
ge

, 
BM

I e
du

ca
tio

n,
 

ge
st

at
io

na
l 

di
ab

et
es

, f
ev

er
, 

sm
ok

in
g,

 fo
lic

 
ac

id
 u

se
, r

ac
e/

et
hn

ic
ity

, p
ar

ity

8

Fr
ei

ta
s 

et
 a

l. 
[6

8]
Br

as
il

Ca
se

–c
on

-
tr

ol
 (m

at
ch

ed
 

by
 m

at
er

na
l a

ge
, 

pr
ec

on
ce

pt
io

n 
BM

I 
an

d 
ge

st
at

io
na

l 
ag

e)
/2

01
3–

20
15

/ 
ul

tr
as

ou
nd

 s
ca

n/
LB

57
 G

as
tr

os
ch

is
is

 
ca

se
s;

11
4 

co
nt

ro
ls

A
ny

 m
ed

ic
at

io
n

O
ra

l c
on

tr
ac

ep
-

tiv
es

U
se

, n
on

-u
se

Q
ue

st
io

nn
ai

re
O

ne
 m

on
th

 
be

fo
re

 to
 th

ird
 m

on
th

s 
af

te
r c

on
ce

pt
io

n

A
ny

 M
ed

ic
at

io
ns

aO
R 

1.
47

 
(0

.7
7–

2.
78

)
O

ra
l c

on
tr

ac
ep

-
tiv

es
aO

R 
1.

47
 

(0
.6

7–
3.

25
)

M
at

er
na

l a
ge

, 
pr

ec
on

ce
pt

io
n 

BM
I, 

ge
st

at
io

na
l 

ag
e

6

G
iv

en
 e

t a
l. 

[6
9]

Eu
ro

pe
M

ul
tic

en
tr

e 
Ca

se
–

co
nt

ro
l/1

99
5–

20
12

/
EU

RO
m

ed
iC

AT
 

re
gi

st
rie

s/
LB

, S
B,

 E
T

15
87

 G
as

tr
os

ch
i-

si
s 

ca
se

s;
15

3,
35

7 
co

nt
ro

ls

Se
e 

th
e 

or
ig

in
al

 
ar

tic
le

U
se

, n
on

-u
se

Re
gi

st
rie

s, 
m

at
er

-
ni

ty
 re

co
rd

s, 
m

ed
ic

al
 p

re
sc

rip
-

tio
ns

, m
at

er
na

l 
in

te
rv

ie
w

s

Fi
rs

t t
rim

es
te

r o
f p

re
g-

na
nc

y
Se

e 
th

e 
or

ig
i-

na
l a

rt
ic

le
 

fo
r a

 re
pr

od
uc

-
tio

n 
of

 th
e 

or
ig

i-
na

l r
es

ul
ts

 ta
bl

e

M
at

er
na

l a
ge

, 
re

gi
st

ry
, t

im
e 

pe
rio

d

6

G
oo

dm
an

 e
t a

l. 
[7

0]
U

ni
te

d 
St

at
es

Ca
se

–c
on

-
tr

ol
 (m

at
ch

ed
 

fo
r m

at
er

na
l a

ge
 

an
d 

ra
ce

/e
th

ni
c-

ity
)/

20
10

–2
01

2/
ul

tr
a-

so
un

d 
sc

an
/L

B

31
G

as
tr

os
ch

is
is

 
ca

se
s;

76
 c

on
tr

ol
s

O
ra

l c
on

tr
ac

ep
-

tiv
e

O
ve

r t
he

 c
ou

nt
er

 
(O

TC
)

A
sp

iri
n

Ib
up

ro
fe

n

U
se

, n
on

-u
se

M
at

er
na

l i
nt

er
-

vi
ew

O
ne

 m
on

th
 b

ef
or

e 
to

 o
r 

du
rin

g 
pr

eg
na

nc
y

O
ra

l c
on

tr
ac

ep
-

tiv
e

aO
R 

0.
83

 
(0

.2
9–

2.
85

)
A

ny
 O

TC
aO

R 
1.

02
 

(0
.3

4–
3.

39
)

A
sp

iri
n

aO
R 

0.
63

 
(0

.0
1–

6.
84

)
Ib

up
ro

fe
n

aO
R 

1.
25

 
(0

.3
6–

3.
91

)

M
at

er
na

l a
ge

, 
ra

ce
/e

th
ni

ci
ty

, 
re

gi
st

ry
, t

im
e 

pe
rio

d,
 in

su
r-

an
ce

, e
du

ca
tio

n,
 

lo
w

 B
M

I, 
nu

l-
lip

ar
ity

6



Page 6 of 19Baldacci et al. Orphanet Journal of Rare Diseases           (2024) 19:31 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y,
 y

ea
r, 

co
un

tr
y

St
ud

y 
de

si
gn

/t
im

e/
da

ta
 s

ou
rc

e/
ca

se
 

as
ce

rt
ai

nm
en

t

Sa
m

pl
ea

si
ze

Ex
po

su
re

Ex
po

su
re

 
de

fin
iti

on
Ex

po
su

re
 

as
se

ss
m

en
t

W
in

do
w

 o
f e

xp
os

ur
e

M
ea

su
re

s 
of

 
eff

ec
t (

95
%

 C
I)

A
dj

us
te

d 
va

ri
ab

le
s

N
O

S 
sc

or
eb

M
ac

 B
ird

 e
t a

l. 
[1

5]
U

ni
te

d 
St

at
es

M
ul

tic
en

tr
e 

Ca
se

–
co

nt
ro

l/ 
19

97
–2

00
3/

bi
rt

h 
de

fe
ct

s 
su

rv
ei

lla
nc

e 
sy

st
em

, 
bi

rt
h 

ce
rt

ifi
ca

te
s 

or
 h

os
pi

ta
l d

is
ch

ar
ge

 
re

co
rd

s/
(N

BD
PS

)/
LB

, 
SB

, E
T

65
3 

ca
se

s;
49

67
 c

on
tr

ol
s

G
as

tr
os

ch
is

is
 

ca
se

s:4
85

A
sp

iri
n

Ib
up

ro
fe

n
A

ce
ta

m
in

op
he

n
Ps

eu
do

ep
he

dr
in

e

U
se

, n
on

-u
se

Co
m

pu
te

r-
as

si
st

ed
 

te
le

ph
on

e
in

te
rv

ie
w

s

O
ne

 m
on

th
 

be
fo

re
 c

on
ce

pt
io

n 
th

ro
ug

h 
3 

m
on

th
s 

po
st

-
co

nc
ep

tio
n

A
sp

iri
n

aO
R 

1.
25

 
(0

.7
7–

2.
05

)
Ib

up
ro

fe
n

aO
R 

1.
61

 
(1

.2
3–

2.
10

)
A

ce
ta

m
in

op
he

n
aO

R 
0.

93
 

(0
.7

2–
1.

19
)

Ps
eu

do
ep

he
d-

rin
e

aO
R 

1.
00

 
(0

.6
6–

1.
51

)

M
at

er
na

l a
ge

, 
ra

ce
/e

th
ni

ci
ty

, 
BM

I, 
se

x 
al

co
ho

l, 
sm

ok
in

g,
 d

ru
g,

 
pa

rit
y,

 fa
m

ily
 

in
co

m
e,

 a
sp

iri
n,

, 
pr

e-
ex

is
tin

g 
ge

s-
ta

tio
na

l d
ia

be
te

s 
ps

eu
do

ep
he

d-
rin

e,
 ib

up
ro

fe
n,

 
na

pr
ox

en
 

ac
et

am
in

op
he

n,
 

st
ud

y 
ce

nt
er

, f
ol

ic
 

ac
id

 u
se

,

8

M
ar

tin
ez

-F
ria

s 
et

 a
l. 

[7
1]

Sp
ai

n

Ca
se

–c
on

tr
ol

 
(m

at
ch

ed
 b

y 
se

x 
an

d 
bi

rt
h 

ho
sp

i-
ta

l)/
19

76
–1

99
6/

Sp
an

is
h 

Co
lla

bo
ra

-
tiv

e 
St

ud
y 

of
 C

on
-

ge
ni

ta
l M

al
fo

rm
a-

tio
ns

 (E
C

EM
C

) 
ho

sp
ita

l-b
as

ed
 

an
d 

su
rv

ei
lla

nc
e 

sy
st

em
/L

B

45
 G

as
tr

os
ch

is
is

 
ca

se
s;

69
0 

co
nt

ro
ls

Sa
lic

yl
at

es
U

se
, n

on
-u

se
Q

ue
st

io
nn

ai
re

Fi
rs

t t
rim

es
te

r
45

 G
S 

ca
se

s 
an

d 
44

 p
ai

re
d 

co
nt

ro
ls

aO
R 

2.
63

 
(0

.4
1–

20
.8

7)
45

 G
S 

ca
se

s 
an

d 
69

0 
co

nt
ro

ls
aO

R 
3.

47
 

(1
.2

7–
9.

49
)

M
at

er
na

l a
ge

, 
sm

ok
in

g
6

Ra
iti

o 
et

 a
l. 

[7
2]

Fi
nl

an
d

Ca
se

–c
on

tr
ol

 
(m

at
ch

ed
 b

y 
m

at
er

-
na

l a
ge

, r
es

id
en

ce
 

an
d 

tim
e 

of
 c

on
ce

p-
tio

n)
/2

00
4–

20
14

/
Fi

nn
is

h 
Re

gi
st

er
 

of
 c

on
ge

ni
ta

l M
al

-
fo

rm
at

io
ns

, M
ed

ic
al

 
bi

rt
h 

re
gi

st
ry

, R
eg

is
-

te
r o

f I
nd

uc
ed

 a
bo

r-
tio

ns
 a

nd
 th

e 
Ca

re
 

Re
gi

st
er

 o
f H

ea
lth

 
Ca

re
/L

B

18
8 

G
as

tr
os

ch
is

is
 

ca
se

s;
91

9 
co

nt
ro

ls

Ps
eu

do
ep

he
dr

in
e

N
on

-s
te

ro
id

al
 

an
ti-

in
fla

m
-

m
at

or
y 

dr
ug

s 
(N

SA
ID

s)

U
se

, n
on

-u
se

Re
gi

st
er

 o
f R

ei
m

-
bu

rs
ed

 D
ru

g 
Pu

rc
ha

se
s

Fi
rs

t t
rim

es
te

r
Ps

eu
do

ep
he

d-
rin

e
aO

R 
10

.0
 

(0
.9

1–
11

0)
N

SA
ID

s
aO

R 
0.

72
 

(0
.3

8–
1.

39
)

M
at

er
na

l a
ge

, 
re

si
de

nc
e,

 ti
m

e 
of

 c
on

ce
pt

io
n

6



Page 7 of 19Baldacci et al. Orphanet Journal of Rare Diseases           (2024) 19:31 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y,
 y

ea
r, 

co
un

tr
y

St
ud

y 
de

si
gn

/t
im

e/
da

ta
 s

ou
rc

e/
ca

se
 

as
ce

rt
ai

nm
en

t

Sa
m

pl
ea

si
ze

Ex
po

su
re

Ex
po

su
re

 
de

fin
iti

on
Ex

po
su

re
 

as
se

ss
m

en
t

W
in

do
w

 o
f e

xp
os

ur
e

M
ea

su
re

s 
of

 
eff

ec
t (

95
%

 C
I)

A
dj

us
te

d 
va

ri
ab

le
s

N
O

S 
sc

or
eb

Re
bo

rd
os

a 
et

 a
l. 

[7
3]

D
en

m
ar

k

Co
ho

rt
 s

tu
dy

/1
99

6–
20

03
/D

an
is

h 
N

at
io

na
l B

irt
h 

Co
ho

rt
 

(D
N

BC
)

88
,1

42
 li

ve
bo

rn
 

si
ng

le
to

ns
G

as
tr

os
ch

is
is

 
ca

se
s:1

2

A
ce

ta
m

in
op

he
n 

us
e

Ex
po

se
d:

 u
se

 
of

 d
ru

gs
 c

on
ta

in
-

in
g 

ac
et

am
i-

no
ph

en
 a

t l
ea

st
 

on
ce

N
o 

ex
po

se
d:

 
no

 e
xp

os
ur

e 
to

 a
ce

ta
m

i-
no

ph
en

Co
m

pu
te

r-
as

si
st

ed
 fo

llo
w

-
up

 te
le

ph
on

e 
in

te
rv

ie
w

s 
se

lf-
ad

m
in

is
te

re
d

qu
es

tio
nn

ai
re

 
at

 e
nr

ol
lm

en
t

Fi
rs

t t
rim

es
te

r
A

ce
ta

m
in

op
he

n
aH

R 
0.

91
 

(0
.5

5–
4.

09
)

M
ot

he
r’s

 a
ge

, 
bi

rt
h 

ye
ar

, b
irt

h 
or

de
r, 

ch
ild

’s 
ge

nd
er

, h
is

to
ry

 
of

 c
hr

on
ic

 
di

se
as

es

7

Ro
bl

ed
o-

A
ce

ve
s 

et
 a

l. 
[7

4]
M

ex
ic

o

Ca
se

–c
on

tr
ol

 
(m

at
ch

ed
 fo

r g
en

-
de

r)/
20

09
–2

01
3/

Ce
nt

ro
 d

e 
Re

gi
st

ro
 

y 
In

ve
st

ig
ac

ió
n 

so
br

e 
A

no
m

al
ía

s 
Co

ng
én

ita
s 

(C
RI

A
C

), 
ho

sp
ita

l-b
as

ed
 a

ct
iv

e 
bi

rt
h 

de
fe

ct
 m

on
ito

r-
in

g 
pr

og
ra

m
/L

B

90
 G

as
tr

os
ch

is
is

 
ca

se
s;

18
0 

co
nt

ro
ls

Pa
ra

ce
ta

m
ol

A
sp

iri
n

Ib
up

ro
fe

n
H

or
m

on
al

 c
on

-
tr

ac
ep

tiv
es

U
se

, n
on

-u
se

M
ot

he
r I

nt
er

vi
ew

Fi
rs

t t
rim

es
te

r
Pa

ra
ce

ta
m

ol
aO

R 
0.

7 
(0

.3
–1

.4
)

A
sp

iri
n

aO
R 

8.
6 

(0
.8

–8
9.

1)
Ib

up
ro

fe
n

aO
R 

0.
2 

(0
.0

–2
.1

)
H

or
m

on
al

 c
on

-
tr

ac
ep

tiv
es

aO
R 

3.
7 

(1
.0

–1
3.

0)

M
at

er
na

l 
ag

e,
 a

lc
oh

ol
 

co
ns

um
pt

io
n,

 
an

em
ia

 d
ur

-
in

g 
pr

eg
na

nc
y,

 
pr

e-
pr

eg
na

nc
y 

BM
I <

 1
8.

5 
kg

/
m

2 , fi
rs

t-
tr

im
es

te
r 

to
ba

cc
o 

sm
ok

-
in

g,
 a

nd
 p

as
si

ve
 

to
ba

cc
o 

sm
ok

in
g

6

To
rf

s 
et

 a
l. 

[7
5]

U
ni

te
d 

St
at

es
M

ul
tic

en
tr

e 
Ca

se
–

co
nt

ro
l (

m
at

ch
ed

 
by

 m
at

er
na

l 
ag

e)
/1

98
8–

19
90

/ 
Ca

lif
or

ni
a 

Bi
rt

h 
D

ef
ec

ts
 M

on
ito

rin
g 

Pr
og

ra
m

 re
gi

st
ry

 
(C

BD
M

P)
, b

irt
h 

re
co

rd
s 

of
 th

e 
Ca

li-
fo

rn
ia

 D
ep

ar
tm

en
t 

of
 V

ita
l S

ta
tis

tic
s/

LB

11
0 

G
as

tr
os

ch
is

is
 

ca
se

s;
22

0 
co

nt
ro

ls

Va
so

co
ns

tr
ic

to
rs

A
sp

iri
n

Ib
up

ro
fe

n
D

ec
on

ge
st

an
ts

A
ce

ta
m

in
op

he
n

Ps
eu

do
ep

he
dr

in
e

Ph
en

yl
pr

op
an

-
ol

am
in

e
A

sp
iri

n 
or

 Ib
u-

pr
of

en

U
se

, n
on

-u
se

M
at

er
na

l i
nt

er
-

vi
ew

Fi
rs

t t
rim

es
te

r
A

sp
iri

n 
or

 Ib
u-

pr
of

en
aO

R 
4.

55
 

(1
.4

0–
14

.7
3)

D
ec

on
ge

st
an

ts
aO

R 
2.

37
 

(0
.7

6–
7.

38
)

A
sp

iri
n

aO
R 

4.
67

 
(1

.2
1–

18
.0

5)
 

Ib
up

ro
fe

n
aO

R 
4.

0 
(1

.0
0–

15
.9

9)
A

ce
ta

m
in

op
he

n
aO

R 
1.

0 
(0

.5
9–

1.
69

)
Ps

eu
do

ep
he

d-
rin

e
aO

R 
2.

10
 (0

.8
0–

-
5.

49
)

Ph
en

yl
pr

op
an

-
ol

am
in

e
aO

R 
10

.0
 

(1
.1

7–
85

.5
9)

M
at

er
na

l a
ge

7



Page 8 of 19Baldacci et al. Orphanet Journal of Rare Diseases           (2024) 19:31 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y,
 y

ea
r, 

co
un

tr
y

St
ud

y 
de

si
gn

/t
im

e/
da

ta
 s

ou
rc

e/
ca

se
 

as
ce

rt
ai

nm
en

t

Sa
m

pl
ea

si
ze

Ex
po

su
re

Ex
po

su
re

 
de

fin
iti

on
Ex

po
su

re
 

as
se

ss
m

en
t

W
in

do
w

 o
f e

xp
os

ur
e

M
ea

su
re

s 
of

 
eff

ec
t (

95
%

 C
I)

A
dj

us
te

d 
va

ri
ab

le
s

N
O

S 
sc

or
eb

W
al

le
r e

t a
l. 

[7
6]

U
ni

te
d 

St
at

es
M

ul
tic

en
tr

e 
Ca

se
–

co
nt

ro
l/ 

19
97

–2
00

3/
bi

rt
h 

de
fe

ct
s 

su
rv

ei
lla

nc
e 

sy
st

em
s, 

bi
rt

h 
ce

rt
ifi

ca
te

s 
or

 h
os

pi
ta

ls
 b

irt
h 

lo
gs

 (N
BD

PS
)/

LB
, 

SB
, E

T

99
86

 c
as

es
;

40
00

 c
on

tr
ol

s
G

as
tr

os
ch

is
is

 
ca

se
s:4

47

O
ra

l c
on

tr
ac

ep
-

tiv
es

U
se

, n
on

-u
se

Co
m

pu
te

r 
as

si
st

ed
 te

le
-

ph
on

e 
in

te
rv

ie
w

Th
re

e 
m

on
th

s 
be

fo
re

 c
on

-
ce

pt
io

n 
an

d 
du

rin
g 

th
e 

fir
st

 tr
im

es
te

r

La
st

 U
se

d 
2–

3 
M

on
th

s 
Be

fo
re

 
Co

nc
ep

tio
n

aO
R 

1.
08

 
(0

.7
1–

1.
63

)
La

st
 U

se
d 

1 
M

on
th

 B
ef

or
e 

Co
nc

ep
tio

n
aO

R 
1.

19
 

(0
.7

7–
1.

84
)

U
se

d 
in

 F
irs

t 3
 

M
on

th
s

aO
R 

1.
82

 
(1

.2
5–

2.
67

)

M
at

er
na

l a
ge

7

W
er

le
r e

t a
l. 

[7
7]

U
ni

te
d 

St
at

es
M

ul
tic

en
tr

e 
Ca

se
–

co
nt

ro
l/ 

19
97

–2
01

1/
bi

rt
h 

de
fe

ct
s 

su
rv

ei
lla

nc
e 

sy
st

em
s, 

bi
rt

h 
ce

rt
ifi

ca
te

s 
or

 h
os

pi
ta

ls
 b

irt
h 

lo
gs

 (N
BD

PS
)/

LB
, 

SB
, E

T

12
61

 G
as

tr
os

ch
i-

si
s 

ca
se

s;
10

,6
82

 c
on

tr
ol

s

A
sp

iri
n

Ib
up

ro
fe

n
O

ra
l c

on
tr

ac
ep

-
tiv

es

U
se

, n
on

-u
se

Co
m

pu
te

r 
as

si
st

ed
 te

le
-

ph
on

e 
in

te
rv

ie
w

O
ne

 m
on

th
 b

ef
or

e 
co

n-
ce

pt
io

n 
th

ro
ug

h 
th

e 
th

ird
 

m
on

th
 o

f p
re

gn
an

cy

A
sp

iri
n

aO
R 

1.
1 

(0
.9

–1
.5

)
Ib

up
ro

fe
n

aO
R 

1.
4 

(1
.2

–1
.6

)
O

ra
l c

on
tr

ac
ep

-
tiv

es
aO

R 
1.

3 
(1

.1
–1

.6
)

M
at

er
na

l a
ge

, 
fe

ve
r, 

in
ju

ry
, g

en
i-

to
ur

in
ar

y
in

fe
ct

io
n,

 a
nt

i-
he

rp
et

ic
 u

se
, 

al
co

ho
l, 

sm
ok

in
g,

 
ill

ic
it 

dr
ug

 u
se

, 
br

on
ch

od
ila

to
r 

us
e,

 c
on

tr
ac

ep
-

tiv
e 

us
e,

 o
pi

oi
d 

us
e,

 in
te

r-
pr

eg
-

na
nc

y 
in

te
rv

al
 

of
 le

ss
 th

an
 

12
 m

on
th

s, 
re

si
de

nt
ia

l m
ov

e,
 

ve
nl

af
ax

in
e,

 a
sp

i-
rin

, p
ar

ox
et

in
e,

 
ib

up
ro

fe
n 

us
e

7

W
er

le
r e

t a
l. 

[1
4]

U
ni

te
d 

St
at

es
M

ul
tic

en
tr

e 
Ca

se
–c

on
tr

ol
 

(m
at

ch
ed

 b
y 

ag
e 

an
d 

st
at

e 
of

 re
si

-
de

nc
e)

/1
99

7–
20

03
/

bi
rt

h 
de

fe
ct

s 
su

rv
ei

l-
la

nc
e 

sy
st

em
, b

irt
h 

ce
rt

ifi
ca

te
s 

or
 b

irt
h 

ho
sp

ita
ls

51
4 

G
as

tr
os

ch
is

is
 

ca
se

s;
32

77
 c

on
tr

ol
s

N
SA

ID
s

D
ec

on
ge

st
an

ts
A

sp
iri

n

U
se

, n
on

-u
se

Co
m

pu
te

r 
as

si
st

ed
 te

le
-

ph
on

e 
in

te
rv

ie
w

Tw
o 

w
ee

ks
 

be
fo

re
 th

ro
ug

h 
14

 w
ee

ks
 

af
te

r t
he

 la
st

 m
en

st
ru

al
pe

rio
d

N
SA

ID
s

aO
R 

1.
4 

(1
.1

–1
.7

)
D

ec
on

ge
st

an
ts

aO
R 

1.
0 

(0
.7

–1
.4

)
A

sp
iri

n
aO

R 
1.

1 
(0

.7
–1

.7
)

M
at

er
na

l a
ge

, 
st

at
e 

of
 re

si
de

nc
e 

by
 s

tr
at

ifi
ca

tio
n 

an
d 

fo
r r

ac
e/

et
hn

ic
ity

, B
M

I, 
ed

uc
at

io
n,

 
al

co
ho

l u
se

, o
ra

l 
co

nt
ra

ce
pt

iv
e 

us
e,

 fo
lic

 a
ci

d 
us

e

7



Page 9 of 19Baldacci et al. Orphanet Journal of Rare Diseases           (2024) 19:31 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y,
 y

ea
r, 

co
un

tr
y

St
ud

y 
de

si
gn

/t
im

e/
da

ta
 s

ou
rc

e/
ca

se
 

as
ce

rt
ai

nm
en

t

Sa
m

pl
ea

si
ze

Ex
po

su
re

Ex
po

su
re

 
de

fin
iti

on
Ex

po
su

re
 

as
se

ss
m

en
t

W
in

do
w

 o
f e

xp
os

ur
e

M
ea

su
re

s 
of

 
eff

ec
t (

95
%

 C
I)

A
dj

us
te

d 
va

ri
ab

le
s

N
O

S 
sc

or
eb

W
er

le
r e

t a
l. 

[7
8]

U
ni

te
d 

St
at

es
, 

Ca
na

da

M
ul

tic
en

tr
e 

Ca
se

–
co

nt
ro

l (
m

at
ch

ed
 

by
 a

ge
)/

19
95

–1
99

9/
m

ed
ic

al
 re

co
rd

s 
of

 2
9 

te
rt

ia
ry

 c
en

tr
e 

ho
sp

ita
ls

/L
B

33
2 

ca
se

s;
79

7 
co

nt
ro

ls
G

as
tr

os
ch

is
is

 
ca

se
s:2

0

Va
so

co
ns

tr
ic

tiv
e

D
ru

gs
U

se
, n

on
-u

se
M

at
er

na
l i

nt
er

-
vi

ew
Fi

rs
t 1

0 
w

ee
ks

 o
f g

es
ta

-
tio

n
Va

so
co

ns
tr

ic
tiv

e
D

ru
gs

aO
R 

1.
7 

(1
.0

–2
.7

)

M
at

er
na

l a
ge

, 
dr

ug
 u

se
, a

lc
oh

ol
 

us
e,

 e
du

ca
tio

n,
 

sm
ok

in
g,

 in
co

m
e,

 
us

e 
of

 a
ce

ta
m

i-
no

ph
en

, a
sp

iri
n,

 
an

tih
is

ta
m

in
es

, 
m

ar
iju

an
a 

no
n-

st
er

oi
da

l a
nt

i-
in

fla
m

m
at

or
y,

 
gu

ai
fe

ne
si

n

5

W
er

le
r e

t a
l. 

[7
9]

U
ni

te
d 

St
at

es
, 

Ca
na

da

M
ul

tic
en

tr
e 

Ca
se

–
co

nt
ro

l (
m

at
ch

ed
 

by
 a

ge
)/

19
95

–1
99

9/
m

ed
ic

al
 re

co
rd

s 
of

 2
9 

te
rt

ia
ry

 c
en

tr
e 

ho
sp

ita
ls

/L
B

33
2 

ca
se

s;
79

8 
co

nt
ro

ls
G

as
tr

os
ch

is
is

 
ca

se
s: 

20
6

Ps
eu

do
ep

he
d-

rin
e,

 P
he

ny
l-

pr
op

an
ol

am
in

e 
A

sp
iri

n,
Ib

up
ro

fe
n,

A
ce

ta
m

in
op

he
n,

U
se

, n
on

-u
se

M
at

er
na

l i
nt

er
-

vi
ew

Fi
rs

t t
rim

es
te

r
Ps

eu
do

ep
he

d-
rin

e
aO

R 
1.

8 
(1

.0
–3

.2
)

Ph
en

yl
pr

op
an

-
ol

am
in

e
aO

R 
1.

2 
(0

.5
–3

.1
)

A
sp

iri
n

aO
R 

2.
7 

(1
.2

–5
.9

)
Ib

up
ro

fe
n

aO
R 

1.
1 

(0
.7

–1
.8

)

M
at

er
na

l a
ge

, 
ed

uc
at

io
n,

 
in

co
m

e,
 m

ed
ic

a-
tio

n 
us

e,
 il

ln
es

s, 
ill

ic
it 

dr
ug

 u
se

, 
an

d 
ci

ga
re

tt
e 

sm
ok

in
g

6

W
er

le
r e

t a
l. 

[8
0]

U
ni

te
d 

St
at

es
, 

Ca
na

da

M
ul

tic
en

tr
e 

Ca
se

–
co

nt
ro

l/1
97

6–
19

90
/

Sl
on

e 
Ep

id
em

io
lo

gy
 

U
ni

t B
irt

h 
D

ef
ec

t 
St

ud
y 

(B
D

S)
, h

os
pi

ta
l 

re
co

rd
s/

LB

76
 G

as
tr

os
ch

is
is

 
ca

se
s;

21
42

 c
on

tr
ol

s

Sa
lic

yl
at

es
Ib

up
ro

fe
n,

A
ce

ta
m

in
op

he
n

Ps
eu

do
ep

he
d-

rin
e,

 P
he

ny
lp

ro
-

pa
no

la
m

in
e

Co
nt

ra
ce

pt
iv

es

U
se

, n
on

-u
se

M
at

er
na

l i
nt

er
-

vi
ew

Fi
rs

t t
rim

es
te

r
Sa

lic
yl

at
es

aR
R 

1.
6 

(0
.9

–2
.7

)
Ib

up
ro

fe
n

aR
R 

1.
3 

(0
.4

–3
.7

)
A

ce
ta

m
in

op
he

n
aR

R 
1.

7 
(1

.0
–2

.9
)

Ps
eu

do
ep

he
d-

rin
e

aR
R 

3.
2 

(1
.3

–7
.7

)
Ph

en
yl

pr
op

an
-

ol
am

in
e

aR
R 

1.
5 

(0
.4

–5
.4

)
Co

nt
ra

ce
pt

iv
es

 
or

al
aO

R 
1.

3 
(0

.5
–3

.5
)

Sp
er

m
ic

id
es

aO
R 

1.
2 

(0
.5

–2
.9

)

M
at

er
na

l a
ge

, 
ye

ar
s 

of
 e

du
ca

-
tio

n,
 a

lc
oh

ol
, 

ea
ch

 o
f t

he
 s

tu
dy

 
m

ed
ic

at
io

ns
, 

in
flu

en
za

, i
nt

er
-

vi
ew

 y
ea

r, 
st

ud
y 

ce
nt

er

6



Page 10 of 19Baldacci et al. Orphanet Journal of Rare Diseases           (2024) 19:31 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y,
 y

ea
r, 

co
un

tr
y

St
ud

y 
de

si
gn

/t
im

e/
da

ta
 s

ou
rc

e/
ca

se
 

as
ce

rt
ai

nm
en

t

Sa
m

pl
ea

si
ze

Ex
po

su
re

Ex
po

su
re

 
de

fin
iti

on
Ex

po
su

re
 

as
se

ss
m

en
t

W
in

do
w

 o
f e

xp
os

ur
e

M
ea

su
re

s 
of

 
eff

ec
t (

95
%

 C
I)

A
dj

us
te

d 
va

ri
ab

le
s

N
O

S 
sc

or
eb

Ya
u 

et
 a

l. 
[8

1]
U

ni
te

d 
St

at
es

, 
Ca

na
da

M
ul

tic
en

tr
e 

Ca
se

–
co

nt
ro

l/1
99

3–
20

10
/

Sl
on

e 
Ep

id
em

io
lo

gy
 

Ce
nt

er
 B

irt
h 

D
ef

ec
ts

 
St

ud
y 

(B
D

S)
/L

B

12
,7

34
 c

as
es

;
76

06
 c

on
tr

ol
s

G
as

tr
os

ch
is

is
 

ca
se

s:2
58

In
tr

an
as

al
 d

ec
on

-
ge

st
an

t o
nl

y
Im

id
az

ol
in

e 
de

riv
at

es
 o

nl
y

Ps
eu

do
ep

he
d-

rin
e,

ph
en

yl
ep

hr
in

e,
ph

en
yl

pr
op

an
-

ol
am

in
e

ox
ym

et
az

ol
in

e,
xy

lo
m

et
az

ol
in

e

U
ne

xp
os

ed
;

Li
ke

ly
 e

xp
os

ed
;

Po
ss

ib
ly

 e
xp

os
ed

 
in

 a
 g

iv
en

 
tr

im
es

te
r;

Ex
po

se
d 

on
ly

 o
ut

si
de

 a
 

gi
ve

n 
tr

im
es

te
r

M
at

er
na

l i
nt

er
-

vi
ew

Fi
rs

t t
rim

es
te

r
O

ra
l D

ec
on

ge
st

-
an

ts
aO

R 
1.

7 
(1

.0
–2

.9
)

Ps
eu

do
ep

he
d-

rin
e

aO
R 

1.
5 

(0
.8

–2
.8

)

M
at

er
na

l 
ag

e,
 s

m
ok

in
g 

pr
ep

re
gn

an
cy

 
w

ei
gh

t, 
ed

uc
a-

tio
na

l l
ev

el

7

CI
 c

on
fid

en
ce

 in
te

rv
al

 a
O

R 
ad

ju
st

ed
 o

dd
s 

ra
tio

 a
H

R 
ad

ju
st

ed
 h

az
ar

d 
ra

tio
 a

RR
 a

dj
us

te
d 

ra
te

 ra
tio

 B
M

I b
od

y 
m

as
s 

in
de

x 
N

O
S 

N
ew

ca
st

le
–O

tt
aw

a 
Sc

al
e 

N
BD

PS
 N

at
io

na
l B

irt
h 

D
ef

ec
ts

 P
re

ve
nt

io
n 

St
ud

y 
LB

 li
ve

 b
irt

hs
 S

B 
st

ill
 

bi
rt

hs
 E

T 
el

ec
tiv

e 
te

rm
in

at
io

n 
of

 p
re

gn
an

cy
a  S

am
pl

e 
si

ze
 re

pr
es

en
ts

 th
e 

nu
m

be
r o

f p
re

gn
an

cy
 e

pi
so

de
s

b  T
he

 q
ua

lit
y 

as
se

ss
m

en
t o

f o
bs

er
va

tio
na

l s
tu

di
es

 w
as

 b
as

ed
 o

n 
th

e 
N

O
S 

sc
or

e 
(r

an
ge

 0
–9

 s
ta

rs
) o

bt
ai

ne
d 

fr
om

 th
re

e 
cr

ite
ria

: s
el

ec
tio

n 
(r

an
ge

 0
–4

 p
oi

nt
s)

; c
om

pa
ra

bi
lit

y 
(r

an
ge

 0
–2

 s
ta

rs
) a

nd
 e

xp
os

ur
e 

(r
an

ge
 0

–3
 s

ta
rs

)



Page 11 of 19Baldacci et al. Orphanet Journal of Rare Diseases           (2024) 19:31 	

population-based registries; in one study, gastroschisis 
was ascertained using hospital records and a surveillance 
registry [71]. Data of the cohort study originated from 
the Denmark birth registry [73].

In fourteen studies, control groups were healthy new-
borns (i.e., without birth defects) [14, 15, 46, 67, 68, 
70–77, 81]; in 2 studies the control groups included mal-
formed and no malformed infants [78, 79] while, for 2 
studies, only malformed controls were used [69, 80].

For all case–control studies, the exposure ascertain-
ment was collected retrospectively; for the cohort study, 
the exposure assessment was collected prospectively. 
Only 1 study assessed the dose and the exact time/fre-
quency and/or duration of medication use [14].

In 10 studies [14, 15, 67, 77–81] medications were 
coded using the Slone Drug Dictionary [82], in 3stud-
ies [69, 71, 72] according to the Anatomical Therapeutic 
Chemical (ATC) classification [83]. Other studies used 
self-report questionnaires and/or medical records or 
filled prescriptions [46, 68, 70, 73, 74].

In 13 studies [46, 47, 69–75, 77–81], the exposure win-
dow was the first trimester of pregnancy; for 5 studies 
[14, 15, 68, 76, 77], the exposure period was one month 
before conception through the third month after concep-
tion (i.e. periconceptional period).

Three studies presented results adjusted for mater-
nal age only [69, 75, 76]; 2 studies also adjusted for life-
style habits [56, 71]; 3 studies for maternal age and other 
additional factors (i.e. lifestyle habits or socioeconomic 

status (SES) factors) [68, 72, 73] and 10 studies adjusted 
for maternal age, lifestyle habits, SES factors and others 
additional factors (Table 1) [14, 15, 46, 67, 70, 77–81].

According to the NOS quality assessment, 9 studies 
were classified as good quality (NOS score ≥ 7) and 9 as 
medium quality studies (4 < NOS score < 7).

Results of meta‑analysis
Aspirin
Eleven studies comprising 181,357 pregnancies were 
included in the meta-analysis for aspirin use. The pooled 
effect estimate showed a significantly increased risk 
of gastroschisis with a RR of 1.66 (95% CI 1.16–2.38, 
p = 0.01) (Fig.  2). There was evidence of heterogeneity 
between study (I2 = 58.3%; p = 0.01). Subgroup analysis 
showed significant increases for women living in North 
America and taking aspirin during the first trimester 
[RR = 1.33 (95% CI 1.04–1.70), p = 0.021; RR = 2.48 (95% 
CI 1.43–4.33), p = 0.001]. Moreover, the subgroups of 
fully adjusted studies, and those where the control group 
included newborns with no birth defects, had statistically 
significant RRs (Additional file  1: Fig. S7). The sensitiv-
ity analysis confirmed an increased risk of gastroschisis, 
even if the CI was significance when only the studies 
with a high-quality score or those more recently pub-
lished were included. Visually, the funnel plot showed 
some degree of asymmetry with a larger number of stud-
ies favouring the effect (see Additional file  1: Fig. S7a), 

Fig. 2  Forest plot (random-effect analysis) of the association between aspirin use during pregnancy and the risk of gastroschisis
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and the Egger’s test confirmed this asymmetry (p = 0.00). 
However, the trim-and-fill procedure imputed 2 studies 
and suggested a correct RR of 1.51 (95% CI 1.04–2.20).

Ibuprofen
Eight studies, comprising 178,267 pregnancies, examined 
the risk of gastroschisis in women taking ibuprofen during 
pregnancy compared to those non-users. The pooled effect 
estimate showed a significant increase in the risk with RR 
of 1.42 (95% CI, 1.26–1.60, p < 0.000) (Fig. 3). No hetero-
geneity was observed (I2 = 0.0%; p = 0.5). Subgroup analy-
sis showed significantly increased risk for women living 
in North America and taking aspirin during the pericon-
ceptional period [RR = 1.43 (95% CI 1.26–1.61), p = 0.000¸ 
RR = 1.44 (95% CI 1.27–1.64), p = 0.000]; and for the sub-
groups of fully adjusted studies [RR = 1.42 (95% CI 1.25–
1.60), p = 0.000], and in those studies where the control 
group included healthy newborns (see Additional file  1: 
Fig. S8). The sensitivity analysis confirmed a significantly 
increased risk of gastroschisis. The funnel plot showed no 
visual asymmetry (Additional file 1: Fig. S8a), and no pub-
lication bias was observed (Egger’s test p = 0.78).

Decongestants
Ten studies comprising 25,761 pregnancies were 
included in this analysis. The pooled effect estimate 
showed that the use of pseudoephedrine and phe-
nylpropanolamine during pregnancy significantly 
increased the RR by 1.51 (95% CI 1.16–1.97, p = 0.00) 
(Fig.  4). No heterogeneity was observed (I2 = 33.2%; 
p = 0.10). Subgroup analysis showed a significantly 

higher risk for women living in North America 
[RR = 1.44 (95% CI 1.12–1.87), p = 0.005] and for those 
taking these two decongestants during the first tri-
mester [RR = 1.83 (95% CI 1.41–2.39), p = 0.000]. Also, 
for the subgroups of fully adjusted [RR = 1.36 (95% CI 
1.06–1.76), p = 0.017] or adjusted for maternal age plus 
lifestyle factors studies, and those where the control 
group were newborns with other congenital anomalies 
[RR = 2.51 (95% CI 1.21–5.24), p = 0.001] or newborns 
without anomalies plus malformed infants [RR = 1.65 
(95% CI 2.16–2.34), p = 0.005] significant increases 
were observed (Additional file 1: Fig. S9). The sensitiv-
ity analysis showed a significantly increased risk except 
for NOS ≥ 7.

The funnel plot showed a right-hand side asymme-
try (Additional file 1: Fig. S9a) confirmed by Egger’s test 
(p = 0.002). The trim-and-fill procedure imputed 3 studies 
and suggested a correct RR of 1.41 (95% CI 1.09–1.81).

Paracetamol
Nine studies comprising 190,483 pregnancies examined 
the risk of gastroschisis in women taking paracetamol 
compared to those non-users. The pooled effect esti-
mate showed no significantly increased risk of gastro-
schisis with a RR of 1.16 (95% CI 0.96–1.41), p = 0.13) 
(Fig.  5). No heterogeneity was observed (I2 = 39.4%; 
p = 0.14). The subgroup analysis showed significant 
increases for the subgroups of studies where the con-
trol group were newborns without congenital anoma-
lies (Additional file 1: Fig. S10).

Fig. 3  Forest plot (random-effect analysis) of the association between ibuprofen use during pregnancy and the risk of gastroschisis
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The funnel plot showed no visual asymmetry (Addi-
tional file  1: Fig. S10a), and no publication bias was 
observed (Egger’s test p = 0.66).

Oral contraceptives
Seven studies comprising 176,086 pregnancies were 
included in this analysis. The pooled effect estimate 

Fig. 4  Forest plot (random-effect analysis) of the association between decongestant use during pregnancy and the risk of gastroschisis

Fig. 5  Forest plot (random-effect analysis) of the association between paracetamol use during pregnancy and the risk of gastroschisis
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showed that gestational use was associated with a signif-
icantly increased risk of gastroschisis with a RR of 1.52 
(95% CI 1.21–1.92, p < 0.000) (Fig.  6). No heterogeneity 
was observed (I2 = 22.0%; p = 0.31). Subgroups analysis 
showed significantly increased risk for women living in 
North America [RR = 1.40 (95% CI 1.10–1.79), p = 0.006]; 
(also, in Europe but only in 1 study) and for all other 
subgroups (Additional file  1: Fig. S11). The sensitiv-
ity analysis confirmed significant increases in the risk of 
gastroschisis.

The funnel plot showed no visual asymmetry (Addi-
tional file  1: Fig. S11a), and no publication bias was 
observed (Egger’s test p = 0.44).

Discussion
We conducted meta-analyses of 18 studies from 28 coun-
tries, including 751,954 pregnancies spanning 25  years. 
These meta-analyses suggested that users in the first 
trimester of pregnancy of over the counter medications 
(OTC) such as aspirin, ibuprofen, pseudoephedrine and 
phenylpropanolamine, and oral contraceptives, were 
associated with an increased risk of gastroschisis in off-
spring from 1.4 to 1.6 times greater than no users, at the 
95% confidence.

Conversely, for paracetamol gestational use, no signifi-
cant association was observed.

To the best of our knowledge, this is the first systematic 
review and meta-analysis that provides an overview of 
the available epidemiological studies examining the asso-
ciation between gestational medication use and the risk 
of gastroschisis.

These findings are according to the previous meta-anal-
ysis by Kozer et al. [19] focused on aspirin use only, that 

included 5 studies published until 2000, and showed a 
significant increased risk of gastroschisis for aspirin users 
during the first trimester.

Several studies have shown that medications use during 
pregnancy has a teratogenic effect on humans and sug-
gested that oxidative stress is one of the main teratogenic 
mechanism involved in a wide spectrum of congenital 
anomalies, foetal growth retardation and in severe cases 
of in-utero death [84]. In particular, human evidence has 
consistently showed that the presence of oxidative stress 
biomarkers may lead to inflammation or might affect the 
placenta during the early stage of organogenesis demon-
strated the relationship between unbalanced oxidative 
level and the occurrence of adverse pregnancy outcomes 
[85].

These findings are consistent with Bargy and Beau-
doin  [2] and Beaudoin  [7] embryo researches which 
showed that the pathogenetic mechanism of gastroschisis 
could be due to teratogenic agents and that the rapture of 
the amnion predominantly occurs at 8 weeks.

Other epidemiological findings showed that infections 
acquired during the first trimester of pregnancy, are asso-
ciated with gastroschisis, likely through immune and 
inflammatory pathway [86–89].

However, since these OTC medications are used for 
common illnesses, such as maternal fever and upper 
respiratory infection, questions have been raised about 
interactions between medications and potential con-
founding by an underlying illness.

Paracetamol is one of the most widely used OTC anal-
gesic and antipyretic medications. Our findings are con-
sistently with the review of Wang et  al. 2017. Several 
in  vivo and in  vitro studies showed that paracetamol is 

Fig. 6  Forest plot (random-effect analysis) of the association between oral contraceptive use during pregnancy and the risk of gastroschisis
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safe when used at therapeutic dose and only a paraceta-
mol overdose can cause oxidative stress [90].

The relationship between oestrogen and oxidative 
stress activation was proposed by Lubinsky et  al. [91]. 
Several studies suggested an increased oxidative stress in 
combined oestrogens and progestin users [92–99] with 
very high hormone levels were detected among healthy 
young women [98, 99].

However, these findings indicate that the physicians 
should closely manage medications therapy during preg-
nancy to optimize the therapeutic regimens at the indi-
vidual level [100].

Subgroups analysis shows a specific population-related 
effect as gestational use of aspirin and oral contraceptives 
report a significant increase in the risk of gastroschisis 
only in North America. These geographic variations may 
reflect country-specific maternal lifestyle habits as well as 
specific sociodemographic characteristics [20]. Further-
more, the results of subgroups analysis indicate that for 
aspirin and decongestants, the increases are significant 
only during first-trimester exposure, the critical period 
for gastroschisis development [7]. For ibuprofen, the 
exposure during the periconceptional time determines 
a significant increase, while, for oral contraceptives, the 
increase was observed both in periconceptional and first-
trimester exposure time. Additionally, for all individual 
medications, only those studies with fully adjustment 
variables report significant increases in risk. Still, for 
contraceptives, it was also observed when the study was 
adjusted for maternal age only. It is important to note 
that the highest pooled RR for aspirin is reported by only 
2 studies adjusted for maternal age and lifestyle risk fac-
tors associated with an increased risk for gastroschisis, as 
observed in a previous study [20].

Regarding the type of control, the subgroup analy-
sis for oral contraceptives shows significant increases 
when cases are compared to healthy newborns. For the 
two individual decongestants, the increase is significant 
when malformed and both healthy and malformed new-
borns are considered as controls. However, an under or 
an overestimation of the exposure among the mothers of 
healthy or unhealthy newborns cannot be ruled out.

Publication bias may have affected aspirin and decon-
gestants’ findings, resulting in an overestimation of the 
statistical significance of the results. However, the trim-
and-filled procedure was imputed at few potentially 
unpublished studies (2 for aspirin; 3 for decongestants), 
providing a correct RR that confirmed the presence of 
association. Moreover, as multiple comparisons were car-
ried out, an overestimation of statistical results cannot be 
excluded.

Our study has several strengths. These meta-analyses 
included many large, multicenter, population-based 

studies that allow ample statistical power. In most of the 
studies, gastroschisis cases were ascertained by rigorous 
birth defect surveillance methods, including live births, 
stillbirths and terminations of pregnancy, which reduce 
potential misclassification due to incomplete ascertain-
ment. Additionally, most of all included studies were 
adjusted for several confounders reducing biased for 
residual confounders. Moreover, sensitivity analysis sug-
gested that our results were not influenced by heteroge-
neity across the studies.

However, several limitations also must be considered. 
First, included case–control studies may be affected by 
selection and recall bias. Second, since OTC medica-
tions do not required a medical prescription, is very dif-
ficult to obtain accurate data on pregnancy exposure due 
to the absence of pharmacy documentation or medical 
records. Therefore, when studies relied on self-reported 
and retrospective exposure assessment, the results might 
be affected by exposure misclassification and recall 
bias, particularly for medications like individual non-
steroidal anti-inflammatory drugs (NSAIDS), usually 
used for short-term treatments of common illnesses. 
Third, these observational studies did not evaluate the 
dose and/or the frequency of medication use, as well as 
their combined use and, thereby, their possible interac-
tions. Fourth, despite most studies adjusted for several 
potential confounders, we acknowledge that the resid-
ual confounding by unmeasured factors remains pos-
sible. Nevertheless, adjusting for potential confounders, 
including interactions between medications, is necessary. 
Moreover, some studies have a small sample size. Conse-
quently, the power to detect an association is low. Finally, 
our review was limited to English language publications, 
even if non-English language articles are not all available 
on PubMed, Scopus and EMBASE databases.

Conclusions
Meta-analysis results suggested that OTC medications 
such as aspirin, ibuprofen, pseudoephedrine, phenylpro-
panolamine, as well as oral contraceptives during the first 
trimester of pregnancy are associated with a moderate 
but significantly increased risk of gastroschisis. How-
ever, these associations are significant only in particular 
subgroups defined by geographic location, adjustment 
variables and type of control. Due to the absence of the 
dosage and frequency of medication use, care should be 
taken when drawing general conclusions. Moreover, in 
pharmacoepidemiology research, the distinction between 
the statistical significance and the clinical meaning must 
always be considered. Further studies, with large sample 
size and well-planned methodology, including a dose–
response effect, are warranted to verify these findings and 
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to assess individual medication safety to help clinicians 
decide on their prescription during early pregnancy.
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