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Abstract
Purpose

Duodenal atresia (DA) is known to be strongly linked with trisomy 21 and to cardiac anomalies. However,
risk factors for non-genetic DA remain largely unknown. Hence, we set out to identify maternal risk
factors for this anomaly.

Methods

All DA cases (n =249) in 2004-2017 were identified in the Finnish Register of Congenital Malformations.
After exclusion of the genetic cases (n = 83), five matched controls for each DA case (n=166 and n =
830) were randomly selected. Analyzed maternal risk factors were maternal chronic diseases,
prescription drugs dispensed during the first trimester of pregnancy, smoking, BMI, and reproductive
history.

Results

In multivariable analysis, only primiparity was observed as an independent risk factor (adjusted OR 1.63,
95% Cl 1.13-2.35). Antihistamines (ATC-code R06AX) emerged with a potential but inconclusive signal
(aOR 3.50,95% CI 0.91-13.5). Maternal pregestational diabetes (OR 1.68, 95% Cl 0.60—4.71), smoking
(OR 1.36,95% Cl 0.83-2.22) or BMI (OR 0.55,95% CI 0.16-1.85 for underweight; OR 0.84, 95% CI 0.57-
1.24 for overweight) were not associated with DA.

Conclusions

In our data, only primiparity was associated with non-genetic DA. This and sparsity of previous studies
for non-genetic DA highlights the need for future research with higher case numbers.

Introduction

Duodenal atresia and obstruction (DA) is the most common atresia of small bowel with total birth
prevalence previously calculated to be in Finland 2.95/10 000[1] and varying from 0.3 to 1.6/10 000 in
Europe [1, 2]. The anomaly can be divided into three types: the most common is type 1- mucosal web
(67-69%), followed by type 3 - complete separation (6—18%) and type 2 - fibrous cord (2-17%).
Additionally duodenal stenosis is noted to be present in 23-33% of cases [3, 4]. According to current
knowledge, DA occurs due to a failure of recanalization of the primitive duodenum, whereas jejuno-ileal
atresias are more likely happen due to vascular compromises [5-7].
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Approximately one fourth to one third of all DA cases have chromosomal abnormalities, mainly trisomy
21[1, 2, 8, 9]. Cardiac anomalies are the most common associated structural anomaly group presenting
in about 30% of all cases [1, 8] and 12% in non-syndromic cases [2]. Common associated anomalies also
include other gastrointestinal, limb and urinary tract deformities [1, 2]. Mortality in DA is generally low
and driven by severe cardiac anomalies[1].

Risk factors for DA are not clear, and publications of the subject are few in volume. Of maternal
characteristics, maternal age [10], parity [11], chronic and acute diseases and infections [12-14] have
been postulated to be factors possibly increasing the risk for congenital anomalies, also DA. On the
other hand, fish consumption has been noted as possible preventive factor for DA and other
gastrointestinal tract anomalies [15]. Regarding medications consumed during pregnancy, recent
Swedish study by Heinonen et al. [16] reported 68% of pregnant women used at least one prescription
drug during pregnancy. The consumption of medicines to treat nausea, diabetes, high blood pressure
and mental conditions had increased during the 15 years investigated [16].

In general, the risk factors for DA are not well studied and also the consumption of different medications
has increased in recent years. Against this background, this study aimed to examine maternal risk
factors non-genetic DA.

Methods

This is a retrospective, nationwide population-based case-control study and registers used are
maintained by the Finnish Institute for Health and Welfare (THL): the Finnish Register of Congenital
Malformations (FRM), the Medical Birth Register and the Register of Induced Abortions. Data on
congenital anomalies are retrieved from multiple sources. All major cases are confirmed and double
checked by a medical geneticist before they are entered to the FRM database. Additional information
(patient records, specialist consultations etc.) is added as needed.

Data on maternal reimbursed prescription medicine purchases and chronic illnesses were received from
the Register of Reimbursed Drug Purchases and the Register of Entitlements to Reimbursement for
Medicine Expenses, maintained by the Social Insurance Institution of Finland (Kela). Reimbursement
codes for expenses of medicines purchases (Kela codes) were used to identify potential underlying
maternal chronic illnesses.

Several international and national sources have validated these registers of which have nearly 100%
accuracy and coverage[17-19]. Finnish Social and Health Data Permit Authority (Findata) has a strict
control over all the national register studies. The data collected is stored and analyzed in a trusted
research environment (Kapseli®) provided by Findata.

Before conducting this study, the approval of the institutional review board at the University of Turku was
received, as well as permission from Findata for data usage was obtained (THL/6258/14.02.00/2020).
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Selection of Cases and Controls

During the study period, from January "' 2004 to December 31st 2017, 249 DA cases were identified. Of
these 100 cases (40%) were isolated, 83 were syndromic (33%) and 66 (27%) had other associated
anomalies. Of syndromic genetic cases 63 (25%) were trisomy 21. After excluding the genetic cases, we
got 166 DA cases with 830 healthy controls for analysis. The genetic cases were excluded from further
analysis for minimizing the possibility that genetic/chromosomal DA’s in this study would have been
incorrectly attributed to medicine leading to an overestimation of potential teratogenic effects. This
follows the principles set by the European Surveillance of Congenital Anomalies (EUROCAT, guide 1.5)
[19, 20]. For each one DA case, five newborn controls with no other gastrointestinal tract anomaly and
their mothers were selected randomly. Controls were matched by the year of birth, maternal age (+/- one
year) and geographical area.

The diagnoses in the registers have been coded according to the World Health Organization’s
International Classification of Diseases, 9th and 10th revisions (ICD-9, Atlanta modification, and ICD-10).
The cases with ICD-10 codes Q40.9, Q41, Q41.9, Q43.8 and Q45, and/or with ICD-9 codes 751100 and
751560 were included in the study. The diagnosis was ascertained by the written diagnosis, and in case
of discrepancy, case was excluded.

Risk Factors analyzed

Maternal risk factors screened were gestational diabetes mellitus (GDM) (ICD-10 codes 024.4 and 024.9
and/or abnormal glucose tolerance test result), pregestational diabetes mellitus type one and two (E10,
E11, 024.0,024.1,024.2, 024.3, and Kela codes 103 and 215). Other chronic diseases were defined
according to Kela codes. In addition, reproductive history, pre-pregnancy body mass index (BMI), and
smoking were analyzed.

Prescription drugs dispensed one month before last menstrual period until the end of first trimester were
detected. Data on prescription medicine purchases were collected as ATC-codes (The Anatomical
Therapeutic Chemical classification system)[21]. The analyses were performed in the fourth level of
ATC-codes, with exception of insulins (ATC-group A10A, third level). A medication group was selected for
analysis only if at least 5 mothers of DA child or controls had medication purchase from the group
between one month before the last menstrual period and before the end of first trimester. The first
trimester of pregnancy is defined as time from the beginning of last menstrual period + 97 days.

In Finland, the first visit to prenatal maternal care clinic is approximately during 8th to 10th week of
pregnancy. At this visit, maternal height and weight are systematically recorded from all women.
Maternity care clinics and child welfare clinics in Finland reach nearly 100% of all families from all
backgrounds, from all socioeconomic groups, also including immigrants[22, 23].

Statistical analysis
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All statistical tests were two-sided significance set at p < 0.05. The analyses were performed using the
SAS System, Windows version 9.4 (SAS Institute Inc., Cary, North Carolina, United States).

The hypothesized risk factors were first evaluated with the Fisher exact test. After that, modelling with
univariate logistic regression analysis for case-control studies was started. Factors that were not
significant in univariate analysis were not brought to multivariable models. Odds ratios (OR) with 95%
confidence intervals (Cls) were reported with the results.

Results

In univariate analysis only primiparity was significant (OR 1.64, 95% Cl 1.14-2.37), yet antihistamine
group (ATC-group R0O6AX) had a borderline association with DA (3.61, 0.96—-13.64). No association was
found with under (0.55, 0.16—1.85) or overweight (0.84, 0.57-1.24), smoking (1.36, 0.83-2.22),
pregestational (1.68, 0.60-4.71) or gestational diabetes (0.97, 0.56—1.69). The results of univariate
analysis are presented in Table 1.

Multivariable analyses were done for parity and antihistamines, and only primiparity was noted to have
an association (aOR 1.63, 1.13-2.35). Antihistamines emerged with a non-significant association (3.50,
0.91-13.5).

ATC-group RO6AX contains multiple products. Products that were purchased by our study cohort are
presented in Table 2. Due to small number of cases, we were not able to analyze them in more detail.
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Table 1

Univariate analysis of maternal risk factors in DA.

Maternal risk factor (ATC- Cases Controls  Odds 95% Confidence
code if convenient) Ratio interwall
(N= (N =830)
166)
n (%)
n (%)
Parity Primiparity 80 331 1.64 1.14-2.37
(50.3) (39.9)
Multiparity 79 498 0.61 0.42-0.88
(49.7) (60.0)
Pregestational diabetes 5(3.1) 15(1.8) 1.68 0.60-4.71
Gestational diabetes 17 93(11.2)  0.97 0.56-1.69
(10.7)
Antihistamines (RO6AX) 4(2.4) 6 (0.7) 3.61 0.96-13.64
Smoking yes 25 107 1.36 0.83-2.22
(15.1) (46.5)
Body mass index <18 3(1.8) 28 (3.4) 0.55 0.16-1.85
18-24.99 100 504 reference  reference
(60.2) (60.8)
>25 44 266 0.84 0.57-1.24
(26.5) (32.0)
Table 2

Recorded purchases from the ATC-group RO6AX by the study

cohort.

ATC-code

Other antihistamines for systemic use - RO6AX

Product

loratadine

acrivastine

fexofenadine

desloratadine

bilastine

ebastine

Discussion
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Herein, we observed primiparity to be associated with non-syndromic DA. The tendency towards an
association with antihistamines was also noted. No other identified potential risk factors emerged in the
analysis, which involved 166 isolated duodenal atresia cases with their age-matched mothers and
controls.

Duodenum develops from the distal part of the foregut, simultaneously with pancreas and extrahepatic
biliary system and with rotation the bowel. This is guided by the Hedgehog-gene family [4, 24]. During the
development, the foregut first grows into a solid cord, as epithelial lining grows faster than the length of
the foregut. Then, before the end of first trimester, this solid cord begins to develop a lumen. Error in this
vacuolation may result in DA, with or without an annular pancreas [4]. Other extrinsic theories of DA exist,
and in those, the continuation of the bowel is complicated by an external compression. These are for
example malrotation, pre-portal duodenal vein, superior mesenteric artery-syndrome, duplication cyst of
duodenum, as well as sometimes isolated pancreas annulare [4, 6]. This epidemiology of DA differs
distinctly from the other small intestinal atresias, which naturally entails a different risk factor profile [7].

Primiparity as a risk factor for congenital anomalies is not a novel finding [25, 26]. Younger age, the size
of the uterus and non-healthy life habits have been postulated to be partly behind this [11]. Also, the
younger maternal age have been linked to non-chromosomal anomalies, whereas older age-related risk
for chromosomal anomalies [27]. In our study, the investigated life habits such as smoking or BMI were
not associated with DA. Also, due to age-matching, the correlation between age and DA could not be
studied.

In univariate and multivariable analysis, there was a borderline signal with DA and ATC-group RO6AX
containing loratadine among other antihistamine products (Table 2). Nevertheless, study by Hansen et
al.[28] found an association with DA and loratadine or desloratadine (aOR 2.08, 95% Cl 1.14-3.80).
Generally, antihistamines are regarded safe during pregnancy and are commonly used for nausea and
symptoms caused by allergy. [29, 30] Many of them, including loratadine, are sold as over-the-counter
(OTC) drugs without prescription. This most likely increases the use of medication, for example in
Sweden, where antihistamines (ATC-group R03) were used by 8—10% of women on the first trimester of
pregnancy[16, 31]. Due to easy availability, there has been a discussion about association with
antihistamines and congenital anomalies, especially loratadine and hypospadias, but this hypothesis has
been later overruled by Diav-Citrin et al.[32], K&llén et al.[33] and Hansen et al.[28].

Howley et al.[13] analyzed urinary tract infections (UTI) during the first trimester to associate with DA, as
well as with small intestinal atresias. In our study, we found no association with drugs used to treat UTI
and DA. A recent study of Tahkola et al.[7] demonstrated an association with non-steroidal anti-
inflammatory drugs (NSAIDs) and jejuno-ileal atresias. Neither did we find an association with NSAIDs in
this study. This is logic as etiologies of these anomalies differ: jejuno-ileal atresias are more likely to
happen due to vascular reasons [2]. In rodent models, doxorubicin, an anthracycline group
chemotherapeutical agent, was noted to increase the prevalence of DA, as well as EA [14]. Later this
association with doxorubicine and DA was not detected in the studies of Germann et al.[34] and not in
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EUROmediCAT-study neither [35]. In our study, no malignant diseases potentially graving chemotherapy
emerged. However, we had no information about medicines administrated in hospitals and all patients
with malignant diseases may not have specific reimbursement code for their disease.

Generally, maternal risk factors for other structural congenital anomalies are studied more while studies
for non-genetic DA's risk factors are scarcer. Oxidative stress during the very beginning of the
development due to hyperglycemia is identified as a risk factor for congenital anomalies [12, 36]. Use of
contraceptive pill during conception and early pregnancy have been observed a potential risk factor,
having association to cleft palate and gastroschisis [37]. In addition, congenital vertebral anomalies and
estrogens used in assisted reproductive technologies seemed to have an association [38]. In our yet not
published results concerning esophageal atresia’s risk factors, we found an association between EA and
some estrogen products mainly used as contraceptives and locally (ATC-group GO3CA). In this current
study, there was no signal between DA and any estrogen product. However, contraceptives are
reimbursed in Finland only when they are used to treat medical condition such as endometriosis. Local
estrogen products are not reimbursed either and are available OTC, which might cause a bias in the
results.

According to our previous study, ca. 40% of the DA cases are isolated, 25% of all DA cases are presented
with chromosomal abnormalities, mainly Trisomy 21, and 27% with other major congenital anomaly,
most importantly cardiac anomalies, which were present in 36% [1]. Pijpers et. al. [8] had similar results
as they analyzed cardiac anomalies to be present in 31% of the cases, and further, cardiac anomalies to
be associated with trisomy 21. Later, in meta-analysis, they came to a conclusion that increased
occurrence of cardiac anomalies in DA patients is related to DA itself, not only to Trisomy 21 as the
proportions of cardiac anomalies in patient groups were almost equal, 15 and 16% (DA +trisomy 21 + no
cardiac anomaly and DA + trisomy 21 + cardiac anomaly, respectively) [39]. For trisomy 21, maternal use
of contraceptive pills at peri-conception time simultaneously with smoking has been postulated as
exposure agents altering the meiosis, as well as maternal advanced age and weight [40]. In persons with
trisomy 21, DA is noted to be present in 3% of cases [41].

Strengths and limitations

This study is among the largest retrospective, case-control studies of non-genetic DA's risk factors, and
we only found primiparity to have an association. In the study, we were able to analyze the role of
maternal illnesses and consumption of prescription drugs from one month prior the last menstrual
period to the end of the first trimester to DA. This was possible because of the high-quality and nearly
100% population coverage registers mentioned earlier [17-19]. The greatest limitation of this study is
the low number of cases due to rarity of the studied anomaly. Also, this study does not contain the
information of OTC-drugs which might result in misclassification bias as many products, for example
some antihistamines and pain killers, are quite freely available [42].

Conclusions
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In this retrospective case-control study we were able to demonstrate that primiparity is associated with
non-genetic duodenal atresia. As no other factor emerged, this information may be relieving for families.
Regardless, sparsity of studies about maternal risk factors for non-genetic DA highlights the need for
future research with higher case numbers.
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