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1 | INTRODUCTION

Gastroschisis is an open abdominal wall defect lateral to
the umbilical cord. The pathogenesis is largely unknown,
but most recent evidence suggests that gastroschisis is a
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Abstract

Background: Gastroschisis is an open abdominal wall defect with low mortal-
ity but significant morbidity. The prevalence has been increasing worldwide
for the past decades. Several risk factors for gastroschisis have been identified,
but no clear reason for increasing prevalence has been found. In our study, we
aimed to assess and identify maternal risk factors for gastroschisis.

Methods: In our nationwide register-based case—control study, we identified
all gastroschisis cases in the Finnish Register of Congenital Malformations
from 2004 to 2014. Information on drug prescriptions and purchases was
received from Drugs and Pregnancy database. Five healthy age-matched con-
trols from the same geographical region were randomly selected for each case.
Conditional logistic regression was used to evaluate different risk factors.
Results: One-hundred-eighty-eight cases of gastroschisis were identified and
compared with 910 matched controls. Nulliparity was a significant risk factor
for gastroschisis, aOR 2.00 (95% CI 1.29-3.11) whereas obesity was protective,
aOR 0.35 (95% CI 0.15-0.83). Smoking appeared to increase the risk for gas-
troschisis, aOR 1.32 (95% CI 0.88-1.97). The mean maternal age of newborns
with gastroschisis was significantly lower than average (p <.001).

Conclusion: As in previous studies, nulliparity and young maternal age were
significant risk factors for gastroschisis. Maternal obesity significantly reduced
the risk of gastroschisis regardless of maternal age and gestational diabetes.
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primary midline malformation of the umbilical ring
(Bargy & Beaudoin, 2014; Opitz, Feldkamp, &
Botto, 2019; Rittler, Vauthay, & Mazzitelli, 2013) possibly
a resulting from the rupture of the physiological hernia
(Beaudoin, 2018). The critical susceptibility window
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occurs in the first trimester of pregnancy (Feldkamp &
Botto, 2008). The worldwide prevalence of gastroschisis
has been increasing during the last decades; similarly in
Finland (Anderson et al., 2020; Bhatt et al., 2018; Castilla,
Mastroiacovo, & Orioli, 2008; Raitio et al., 2019). Several
theories for this rise have been suggested including
increased teen pregnancy, increased illicit substance
abuse during pregnancy, and more frequent chemical
exposures (Short et al., 2019; Souther, Puapong, Woo, &
Johnson, 2017; Winchester, Huskins, & Ying, 2009).
However, as there are multiple risk factors of gas-
troschisis, clear explanation for this increasing trend has
not been found.

The most consistent risk factor for gastroschisis is
young maternal age, but interestingly the incidence is
increasing in all age groups, not only in younger women
(Vu, Nobuhara, Laurent, & Shaw, 2008; Chabra, Gleason,
Seidel, & Williams, 2011; Loane et al., 2007; Robledo-
Aceves et al., 2015). Similarly, there is clear evidence that
smoking and the use of recreational drugs during preg-
nancy increase the risk of gastroschisis (Draper
et al., 2008; Hackshaw, Rodeck, & Boniface, 2011). Also
environmental factors, especially pesticides, appear to be
associated with elevated risk (Mattix, Winchester, &
Scherer, 2007; Souther et al., 2017; Waller, Paul, Peter-
son, & Hitti, 2010). However, there are only a handful of
studies on the effects of maternal medications with evi-
dence that certain medications may also increase the risk
(Ahrens et al., 2013; Anderson et al., 2020; Given
et al., 2017; Werler, Guéry, Waller, & Parker, 2018; Wer-
ler, Sheehan, & Mitchell, 2002).

The aim of this study was to assess and identify
potential maternal risk factors of gastroschisis, and espe-
cially to assess the effects of the medications used during
the first trimester of pregnancy. We hypothesized, that
maternal medication during the first trimester of preg-
nancy would affect the risk of gastroschisis.

2 | METHODS

The analysis is based on the records of the Finnish Reg-
ister of Congenital Malformations, the Medical Birth
Register, the Register on the Induced Abortions and
the Care Register for Health Care, all maintained by
the Finnish Institute for Health and Welfare. The data
on maternal prescription medicine use was obtained
from the Register on Reimbursed Drug Purchases
upheld by the Finnish Social Insurance Institution
(Kela) through Drugs and Pregnancy database. These
data were limited to drug purchases in a time window
of 1 month before conception and the first trimester of

pregnancy. These registers receive information based
on a legally compulsory announcement request on all
health personnel in our country. The accuracy and high
coverage of these data sources have been validated in
multiple national and international investigations
(Gissler, Teperi, Hemminki, & Merildinen, 1995;
Kela, 2019; Leoncini et al, 2010; Pakkasjirvi
et al., 2006).

The diagnoses in the registers are coded according to
the International Statistical Classification of Diseases and
Health Related Problems by the World Health Organiza-
tion (WHO). For our analysis, we searched the register
for all the gastroschisis cases born between January
1, 2004 and December 31, 2014 and included them in the
study. Five healthy controls from the Medical Birth Reg-
ister matched for maternal age (+ 1 year), residency, and
time of conception (+ 1 month) were randomly selected
for each case. For the terminated fetuses, live-born,
healthy controls were selected.

Maternal risk factors in the register were ana-
lyzed including BMI, parity, smoking, documented
illnesses and history of miscarriages. Maternal diabe-
tes group contained both type 1 and 2 diabetes diag-
nosed before conception. Gestational diabetes group
included all women with recorded diagnosis of gesta-
tional diabetes or abnormal oral glucose tolerance
result. Smoking was defined as active smoking dur-
ing first trimester. Maternal weight was recorded at
the first prenatal visit 8-10 weeks after conception.
The initial analysis on maternal medication was done
at the fourth level of the Anatomical Therapeutic
Chemical (ATC) Classification System by WHO. Sub-
sequently, we identified and selected those ATC
groups with higher proportion of events among cases
for further analysis.

Conditional logistic regression was used to evaluate
different risk factors based on literature and data avail-
ability. First, univariate models were programmed, and
Fisher's exact test was executed to search potential risk
factors (Table 1). Subsequently, a multivariable model
was created. Odds ratios (OR) along with adjusted odds
ratios (aOR) with 95% confidence intervals (CI) were
calculated. As a strong interaction was observed
between maternal BMI and gestational diabetes
(p < .001), we created new combination variables for
multivariable models. The analyses were performed
using SAS System, version 9.4 for Windows (SAS Insti-
tute Inc., Cary, NC).

The approval of the Institutional Review boards at the
Finnish Institute of Health and Welfare and Turku Uni-
versity Hospital were obtained before conducting this
register study.
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TABLE 1

Number of events

o IESTen

Univariate analysis of the maternal risk factors for gastroschisis

Cases (n = 147-188)

Maternal obesity (BMI > 30) 7/147 (4.8%)
Maternal underweight (BMI < 18.5) 10/147 (6.8%)
Nulliparity 129/188 (68.6%)
Smoking 52/150 (34.7%)

35/187 (18.7%)
3 /154 (2.0%)
7/154 (4.6%)

86/153 (56.2%)

Previous miscarriages
Pregestational diabetes
Gestational diabetes

Male sex

Controls (n = 880-910) Odds ratio 95% CI
93/880 (10.6%) 0.39 0.16-0.91
59/880 (6.7%) 0.89 0.43-1.85

536/910 (58.9%) 1.65 1.14-2.39

248/891 (27.8%) 1.35 0.92-1.99

137/910 (15.1%) 1.22 0.79-1.89
17/910 (1.9%) 1.09 0.30-3.98
86/910 (9.5%) 0.49 0.22-1.09

454/910 (49.9%) 1.39 0.94-1.92

Note: Missing values due to fewer data stored in the Register of Induced Abortions.

3 | RESULTS

One-hundred-eighty-eight cases of gastroschisis were
identified and compared with 910 matched controls. Gas-
troschisis cases included 148 live births, 5 stillbirths and
35 elective terminations of pregnancy. In univariate anal-
ysis, nulliparity was a significant risk factor for gas-
troschisis, OR 1.65 (95% CI 1.14-2.39). Similarly,
smoking appeared to increase the risk for gastroschisis,
OR 1.35 (95% CI 0.92-1.99). There were 100 obese
mothers (BMI >30) in our cohort (9.7%) and obesity was
associated with significantly lower risk of gastroschisis,
OR 0.39 (95% CI 0.16-0.91). Gestational diabetes also had
moderate protective influence, OR 049 (95% CI
0.22-1.09). Number of previous miscarriages, and the sex
of the newborn/fetus did not affect the risk of gas-
troschisis. (Table 1) Diabetes groups were the only mater-
nal illnesses included in the analyses as all other groups
contained only fewer than five affected mothers in whole
cohort.

Maternal age for gastroschisis cases was significantly
lower than mean maternal age in the Finnish population
(mean 24.3 [SD 4.6] years vs 30.0 years, p < .001). No sig-
nificant changes in risk was associated with any

prescription drugs used during the first trimester of preg-
nancy. (Table 2).

Our multivariable analysis provided comparable
results with the univariate model: nulliparity, aOR 2.00
(95% CI 1.28-3.11), smoking, aOR: 1.35 (95% CI
0.90-2.03) increased the risk while maternal obesity was
protective. Due to significant interaction between mater-
nal BMI and gestational diabetes, these variables were
analyzed both separately and together. Protective influ-
ence was significantly associated with BMI, aOR 0.30
(95% CI 0.11-0.86). All risk factors included in multivari-
able analysis are presented in Figure 1.

4 | DISCUSSION

We have demonstrated that nulliparity and young mater-
nal age were significant risk factors for gastroschisis.
Maternal obesity, on the other hand, significantly miti-
gated the risk of gastroschisis.

Consistent with previous reports we found nulliparity
to be a significant risk factor (Duong et al., 2012; Rittler,
Castilla, Chambers, & Lopez-Camelo, 2007). However, as
Rittler et al. compared epidemiologic variables between

TABLE 2  Univariate analysis of all analyzed prescription drugs used in early pregnancy

Number of events

Cases (n = 172) Controls (n = 838) Odds ratio 95% CI
Penicillins 20 (11.6%) 104 (12.4%) 0.97 0.58-1.62
Pseudoephedrine 2 (1.2%) 1(0.1%) 10.0 0.91-110
Nonsteroidal anti-inflammatory drugs 12 (7.0%) 75 (9.0%) 0.72 0.38-1.39
Inhaled steroids 10 (5.8%) 36 (4.3%) 1.44 0.70-2.95
Hormonal drugs for infertility 2 (1.2%) 15 (1.8%) 0.70 0.16-3.19
Antihistamines 8 (4.7%) 24 (2.9%) 1.65 0.70-3.89
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OR LCL UCL

FIGURE 1 Multivariable

Nulliparity ——— 2.00 1.28 3.1 analysis of the risk factors of
gastroschisis. Gestational
diabetes and obesity were
analyzed both independently

4 and together
Gestational diahetes without obesity 4 —o——— 0.48 019 1.27
Maternal obesity without gestational diahetes o—— 0.30 0.11 0.86
Maternal ohesity and gestational diabetes ———— 0.43 0.10 1.97
Smoking F—o— 1.35 090 2.03
T T T T T
0 1 2 3 4 5

Adjusted OR and 95% CI

primiparae and multiparae, and between those who had
and had not changed partners, only length of cohabita-
tion showed significant risk (Rittler et al., 2007). They
found no significant risk associated with nulliparity or
change of paternity alone. They speculated that some
antigenic or immunologic factors could be involved in
the origin of gastroschisis.

In our case—control study design we were unable to
assess the maternal age as a risk factor, as the controls
were age-matched. However, comparing the maternal
age of the gastroschisis cases with the average age of
mothers during the same time period, revealed a signifi-
cantly lower age in the mothers of the affected infants,
which is in keeping with previous studies (Chabra
et al, 2011; Loane et al, 2007; Robledo-Aceves
et al., 2015; Vu et al., 2008). Even though the maternal
age is the most consistent risk factor of gastroschisis, no
explanation for it has been found. It has been speculated
that the lifestyle of adolescent mothers would expose
them to more risk factors (opioids, smoking, alcohol,
illicit drug use). However, recent findings suggest that
these exposures alone do not account for the strong
inverse association between age and gastroschisis risk
(Werler et al., 2018). We speculate, that young mothers
possibly have shorter relationships with their partners, as
short length of sexual cohabitation is associated with
increased risk (Kapapa, Rieg, Henne-Bruns, &
Serra, 2020; Rittler et al., 2007). Also, chlamydia infec-
tions, a known risk factor for gastroschisis (Dewberry
et al., 2020), are more common among young women in

Finland (Vuorenmaa, Ilola, & Mussalo-Rauhamaa, 2012).
While majority of infections can be asymptomatic (Detels
et al., 2011), and chlamydia is not routinely screened at
prenatal visits in Finland, it remains as a difficult risk
factor to evaluate in our country.

Smoking is one of the most commonly agreed upon risk
factors of gastroschisis (Draper et al., 2008; Hackshaw
et al., 2011; Hawkins & Baum, 2019) even with cessation in
the first trimester (Perry, Mulcahy, & DeFranco, 2019). Pla-
cental arteries of smokers have altered mechanical and
functional properties, which may compromise the fetal pla-
cental blood flow (Clausen, Jorgensen, & Ottesen, 1999). A
recent US study found that tobacco tax increases signifi-
cantly reduced the risk of gastroschisis among other birth
defects (Hawkins & Baum, 2019). Hence, smoking preven-
tion programs, including cigarette taxes, could provide a
population-level intervention that would help reduce prena-
tal smoking and the risk of birth defects. In our study, how-
ever, smoking was not statistically significant risk factor.

Our study supports the previous findings regarding the
elevated risk of gastroschisis associated with the use of pseu-
doephedrine. Pseudoephedrine is a vasoconstrictive decon-
gestant (Brunton, Hilal-Dandan, & Knollmann, 2017), only
available in Finland with a prescription and as a combina-
tion drug with antihistamines (desloratadine, acrivastine or
cetirizine) (Pharmaca Fennica, 2019). As in earlier reports,
we found that pseudoephedrine was modestly associated
with gastroschisis risk. Even though our findings were not
statistically significant, all reports have been consistent with
the elevated risk associated with pseudoephedrine use in
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early pregnancy (Torfs, Katz, Bateson, Lam, & Curry, 1996;
Werler et al., 2002; Werler, Mitchell, & Shapiro, 1992). As no
increased risk was associated with any antihistamines alone,
we believe that the elevated risk is associated with the vaso-
constrictive characteristics of pseudoephedrine.

Reduced risk of gastroschisis among obese mothers
has been established in several studies (Baer et al., 2015;
Jenkins et al., 2014; Khodr et al., 2013; Stothard, Tennant,
Bell, & Rankin, 2009). It has been speculated this to be due
to association between BMI and age, as there is an invert
association between maternal age and gastroschisis risk
(Stothard et al., 2009). However, we also found maternal obe-
sity to be protective despite having age-matched controls.
Hence, maternal obesity appears to be an independent pro-
tective factor for gastroschisis regardless of maternal age as
reported by Baer et al. (Baer et al., 2015). Previous studies
have associated maternal diabetes with both increased
(Skarsgard et al., 2015) and decreased (Baer et al., 2015;
Given et al.,, 2017) risk of gastroschisis. According to our
results, it appears that protective influence would be associ-
ated with obesity rather than diabetes. Regardless, hypergly-
cemia does not seem to be associated with increased risk.

The strength of our study was the use of validated,
high-quality register data with total population coverage
(Artama, Gissler, Malm, & Ritvanen, 2011). The main
limitations are a relatively small sample size and that this
study solely relies on the accuracy of register data. Study
is also limited by fewer data collected in the register of
induced abortion causing missing values compared to
birth register.

In conclusion, nulliparity is associated with increased
risk of gastroschisis. Maternal obesity is an independent
protective factor for gastroschisis regardless of maternal
age and diabetes.
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