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Abstract

Background: Effective management of Inflammatory bowel diseases (IBD) before and during pregnancy
is crucial as women with well-controlled IBD at conception tend to remain in remission throughout
pregnancy, experiencing outcomes similar to women without IBD. Most IBD medications are considered
safe during pregnancy, except for methotrexate. Despite reassuring data, previous studies have
highlighted that women often have negative perceptions and fears related to IBD medications, leading to
poor adherence. There is a lack of data regarding how IBD is treated before and during pregnancy in
Switzerland.

We aimed to assess the prevalence and usage patterns of various IBD medications in Switzerland before
and during pregnancy over time.

Methods: A descriptive study using the MAMA cohort based on Swiss health insurance claims from 2012
to 2019. We identified pregnancies with a pharmaceutical cost group (PCG) indicating IBD and at least
one prescribed IBD medication before pregnancy. We defined three groups based on dispensation timing:
continuers (dispensation in pre-pregnancy and in or after trimester 2), switchers (different dispensation
between pre-pregnancy and in or after trimester 2), and discontinuers (dispensation in pre-pregnancy but
no dispensation in or after trimester 2).

Results: Among 104,098 deliveries, 0.3% had a PCG code for IBD with an IBD medication dispensed in
pre-pregnancy. Over half of these pregnancies were exposed to Aminosalicylates, with a consistent
proportion over time. Pregnancies exposed to biologics increased over time, while immunosuppressant
use remained steady. Roughly one-third with IBD medication before pregnancy discontinued treatment, a
consistent rate throughout the study.

Conclusions: Aminosalicylates were the most prescribed medication to treat IBD despite the lack of
evidence to support their use as first-line therapy. The increase in biologics' prescriptions likely reflects the
growing evidence on the safety of these medications during pregnancy. One in three women discontinued
all treatment during pregnancy, with a stable proportion over time. It is not known whether women
discontinued treatment due to quiescent disease or concerns about medication harm. If the latter, these
women should be identified and counseled, preferably during the pre-conception period, about the risks
and benefits of disease and treatment.

1. Background

Inflammatory bowel diseases (IBD), which include Crohn's disease (CD) and ulcerative colitis (UC), are
characterized by chronic inflammation and subsequent lesions of the gastrointestinal tract [1]. IBD can
severely impact a person's life, often resulting in hospitalizations, surgeries, and increased mortality [2, 3],
and are responsible for substantial societal and economic costs [4]. The prevalence of IBD has been
estimated to be approximately 0.3% in North America, Australia, and Western Europe [5]. The highest
incidence rate has been reported in young adults aged 15 to 29 years [6, 7].
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Optimal disease control prior to and at the onset of pregnancy is important, as it has been shown that
women with well-controlled IBD at conception and during the first trimester are likely to remain in
remission during pregnancy and have similar outcomes to women without IBD [8]. Active disease before
and at conception has been associated with an increased risk of caesarean section, preterm delivery, and
low birth weight [9, 10, 11].

Current Swiss [12-14] and international [15] guidelines recommend aminosalicylates (ASAs) as the
standard medical maintenance therapy for UC in the general adult population [13, 15]. Patients have
traditionally been treated with thiopurines (azathioprine, mercaptopurine) in case of ASA failure or
corticosteroid-dependent UC. The British Society of Gastroenterology (BSG) now recommends either
thiopurines or biologics due to the lower biological toxicity and decreasing costs since biosimilars have
become available [15]. The choice between different TNF-alpha inhibitors, vedolizumab, ustekinumab, or
tofacitinib should be based on patients' characteristics and preferences. For maintenance treatment in
patients with moderate to severe CD, the BSG recommends thiopurines (azathioprine, mercaptopurine) or
methotrexate as first-line therapy. Patients with CD refractory to immunomodulatory therapy should be
considered for biologic therapy (anti TNF-alpha, vedolizumab, ustekinumab). Aminosalicylates are no
longer recommended in international guidelines as a treatment for CD [12, 16]. In Switzerland, however,
mesalazine is still an option for CD patients who refuse repeated steroids or who do not want to start
immunosuppressives or biologics [12].

Most medications used to treat IBD are generally considered safe to continue during pregnancy [14], with
for example the exception of methotrexate [17]. Guidelines agree that women on ASA, thiopurine, anti-
TNF monotherapy for maintenance should continue treatment during pregnancy. Anti-TNF usually begin
crossing the placenta around 14 weeks of gestation, when the crucial period of organogenesis is
complete. There is currently no evidence of harm if treatment is continued during pregnancy and stopped
to allow its elimination before delivery when the disease is quiescent. When continued until delivery,
neonates are considered immunosuppressed for two to six months after the last maternal administration,
as some anti-TNF inhibitors have been measured at high levels in neonatal blood such as infliximab [15].
Finally, the BSG highlights the lack of data on the newest biologics including vedolizumab, ustekinumab,
or tofacitinib during pregnancy [17] and emphasizes the importance of pre-conception counselling for
these women [15].

Despite reassuring data, previous reports have highlighted women's negative perception of IBD
medications and related fear [18, 19], which often lead to poor adherence [20]. Data on how IBD is treated
before and during pregnancy in Switzerland are lacking.

We aimed to study the exposure prevalence and patterns of use of different IBD medications before and
during pregnancy in Switzerland over time, using representative Swiss claims data.

2. Methods
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2.1 Study design

This study was conducted within the MAMA cohort [21]. This cohort consists of data of the Chrétienne
sociale suisse (CSS) health insurance among women who had a delivery in Switzerland between January
2012 and December 2019."]

2.2 Setting

In Switzerland, citizens must have a health insurance and approximately 17% of the Swiss population is
covered by CSS [22]. The CSS Datawarehouse provides anonymized information regarding inpatient and
outpatient services and prescribed medications in the outpatient setting. Records were extracted for every
woman with at least one delivery between January 2012 and December 2019 and continuously covered
by CSS from 9 months before her estimated last menstrual period to 9 months after the delivery code for
each retraced pregnancy.

2.3 MAMA cohort
2.3.1 Identification of pregnancies

Pregnancies were recorded through codes from both SwissDRG (Diagnosis Related Groups) and TARMED
(Swiss medical services tariffication system). Supplementary Table 1 lists the codes used to identify a
delivery, which could include stillbirths and livebirth. Pregnancies ending with a miscarriage, or an elective
medical abortion were excluded because the study also aims to analyze longitudinal patterns of
medication use.

2.3.2 Identification of delivery dates

Delivery codes registered within a 30-day window of each other were regarded as related to the same
pregnancy [23]. The date of delivery was defined as the first recorded code during this period, except
when both DRG and TARMED codes were available. In such cases, DRG codes were prioritized to set the
delivery date. Different delivery dates for the same woman had to be recorded at least 300 days apart.
DRG delivery codes registered between 30 and 300 days after the initial delivery date were excluded from
consideration except when the initial delivery date had been identified through a sequence of a TARMED
code followed by a DRG code, then the delivery data was adjusted to the DRG code date.

2.3.4 Identification of the beginning of pregnancy and pre-
pregnancy period

Neither gestational age nor the date of the beginning of pregnancy are recorded in Swiss health insurance
data. Thus, the beginning of pregnancy was estimated using an algorithm validated in US claims data
[24] and already implemented in a Swiss pregnancy cohort using another claims database [23, 25, 26].
The beginning of pregnancy was set at 270 days before the delivery date for pregnancies ending in a
term delivery (determined based on DRG codes) and 245 days for pregnancies with a preterm delivery
code (see Supplementary Table 2). Each pregnancy trimester (Trimester 1 (T1), Trimester 2 (T2) and
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Trimester 3 (T3)) was defined as a 90-day period. In case of preterm delivery, T3 was shortened to a 65-
day period. A pre-pregnancy period of 252 days (9 months) before the last menstrual period was also
observed.

2.4. Study population

The final study population consisted of pregnancies of women who had a pharmaceutical cost group
(PCG) code indicating an IBD during pre-pregnancy and who were prescribed at least one medication
commonly used to treat IBD (see 2.5) in the pre-pregnancy period (excluding corticosteroids, which are
commonly used to treat flares but are not specific to IBD).

PCG codes are a system used to classify medical conditions based on distinct combinations and
dosages of prescribed medications. They are primarily designed for administrative and financial
purposes rather than clinical diagnosis. Medications within the same PCG code may be used to treat
different conditions, and conversely, medications for the same condition may fall under different PCG
codes. Treatment of IBD includes medications that can be used for other conditions, such as rheumatoid
arthritis (RA) or psoriasis. However, it is essential to emphasize that the assignment of PCG codes for one
condition (i.e., IBD) requires distinct combinations and dosages of these medications compared to the
assignment of another condition (i.e., RA), which we believe contributes to a reasonably high level of
accuracy. Nevertheless, some women may have both conditions (IBD and RA) at the same time (see
Flowchart 1).

In our cohort, among pregnancies with a PCG code indicating IBD and a prescription for IBD in the pre-
pregnancy period, we further defined three groups of users («continuers», «switchers», «discontinuers»).

2.4.1 Continuers

We defined a group of «continuers», that included pregnancies with a dispensation in pre-pregnancy and
the same dispensation in or after T2.

2.4.2 Switchers

We defined a group of «switchers» that included pregnancies with a dispensation in pre-pregnancy and a
different dispensation in or after T2. If a pregnant woman had multiple treatments during pre-pregnancy
and only partially continued these treatments, she was considered a switcher for the stopped treatments
and a continuer for the continued treatments.

2.4.3 Discontinuers

We defined a group of «discontinuers» that included pregnancies with a dispensation in pre-pregnancy
and no dispensation in or after T2.

2.5 Exposure
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We recorded exposure to any group of medication and individual medication commonly used to treat IBD
based on recorded Anatomical Therapeutic Classification (ATC) codes: Aminosalicylates (including
suppositories and enemas [A07EC]): sulfasalazine (AO7EC01), mesalazine (AO7EC02); Traditional
immunosuppressants: azathioprine (L04AX01), mercaptopurine (L01BB02), methotrexate (L04AX03),
ciclosporin (L04ADO01), tacrolimus (L04AD02), tofacitinib (L04AA29); Biologics: infliximab (L04AB02),
adalimumab (L04ABO04), golimumab (L04ABO06), certolizumab (L04AB05), vedolizumab (L04AA33),
ustekinumab (LO4ACO05). We also recorded exposure to systemic and topic corticosteroids used in the
treatment of IBD flares: systemic corticosteroids (betamethasone (H02AB01), methylprednisolone
(HO02AB04), prednisolone (H02AB06), prednisone (H02ABOQ7); topical corticosteroids (budesonide,
AO07EA06). Exposure was defined as at least one outpatient dispensation of the above-mentioned
medications during the periods of interest (i.e., pre-pregnancy, in or after T2). The "in or after T2" period
was chosen to more accurately capture women who were continuously treated during pregnancy. Relying
solely on treatment records from T1 would not be accurate, as women may have stopped or switched
medications in T2 or T3. Relying solely on T3 treatment records may have missed some women who
were prescribed their medication in T2, but who were also treated in the T3 period, depending on the
medication package and dose.

2.6 Demographic information

Demographic information was extracted for each pregnancy, including year of delivery and maternal age
at delivery.

2.7. Statistical methods

We quantified the prevalence of pregnancies with treated IBD during pre-pregnancy (i.e., with a PCG code
for IBD and exposure to at least one IBD medication during pre-pregnancy). We also quantified the
prevalence of «continuers», «switchers», and «discontinuers» among these pregnancies.

For each medication group (i.e., aminosalicylates, traditional immunosuppressants, biologics) and
individual substances within groups, we quantified the prevalence of pregnancies exposed during pre-
pregnancy, and the prevalence of «continuers», «switchers», and «discontinuers» among these
pregnancies. Finally, we quantified the prevalence of exposure to corticosteroids, including systemic and
topic corticosteroids, during or after trimester 2 among «continuers», «switchers», and «discontinuers».

Exposure prevalence was calculated for the entire study period and by calendar year.

Exposure prevalence was defined as the proportion of pregnancies during which at least one prescription
was filled for the respective active substance, divided by the total number of enrolled pregnancies during
the respective period. Results are presented as absolute numbers divided by 10,000 with 95% confidence
intervals (CI). Time series analyses were used to assess whether the prevalence of exposure followed a
linear trend over time, using a linear regression model with bootstrapped standard errors.
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All analyses were performed using the statistical software R version (3.6.1) and R Studio version
(1.2.5001).

3. Results

We identified 104,098 deliveries from 80,320 women. The mean maternal age at delivery in our cohort
was 31.7 years. Overall, 31.9% of all deliveries were caesarean sections (see Table 1).

Table 1
Description of the MAMA cohort [21]
MAMA Cohort Swiss Statistics (BfS) [27, 28]
Year N of Mean maternal age Caesarean N of Mean Caesarean
deliveries  atdelivery (years section’ deliveries2  Maternal section
(min-max)) age at
delivery
(years)
2012* 10,639 31.3(14.5-46.4) 3,431 81,274 31.5 27,115
(32.2) (33.4)
2013 11,484 31.4 (14.2-47.3) 3,742 81,951 31.6 27,310
(32.6) (33.3)
2014 12,306 31.6 (15.5-48.5) 3,940 84,014 31.7 23,337
(32.0) (33.3)
2015 12,917 31.6 (15.7-48.9) 4,243 85,421 31.8 28,483
(32.8) (33.3)
2016 13,780 31.8 (15.1-50.3) 4,460 86,787 31.8 28,778
(32.4) (33.2)
2017 13,803 31.9 (15.7-51.4) 4,303 85,990 31.9 27,814
(31.2) (32.3)
2018 14,525 32.0 (15.9-50.7) 4,574 86,411 32.0 27,754
(31.5) (32.1)
2019 14,644 32.2(16.2-51.8) 4,558 85,128 32.1 27,246
(31.1) (32.0)
2012- 104,098 31.7 (14.2-51.8) 33,247 676,976 31.8 217,837
2019 (31.9) (32.1)

T A total of 14 deliveries were recorded as neonatal deaths without a code indicating the mode of delivery.
2 Includes liveborn infants only.

*Before 01.01.2012, recorded SwissDRG and TARMED codes did not correspond to the codes we used to
identify deliveries (example of codes which were recorded before 2012 but were not counted as deliveries
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"064A", "064B","0612Z").
Pregnancies with treated IBD during pre-pregnancy between 2012 and 2019 in the MAMA cohort.

Figure 1 shows the number of pregnancies with treated IBD during pre-pregnancy between 2012 and
2019, and those treated with aminosalicylates, biologics or traditional immunosuppressants.
«continuers», «switchers», and «discontinuers» within each group are shown.

Prevalence and time trends of IBD medication exposure during pre-pregnancy.

In total, 92.6/10,000 pregnancies were assigned a PCG code for IBD, among which 29.8/10,000 were
dispensed at least one medication used to treat IBD in the 9 months prior to pregnancy between 2012 and
2019. This prevalence remained stable throughout the study period, as no significant linear trend (b =
1.09,95% CI-0.25;2.43, p=0.109) was observed over the period. Figure 2 shows the proportion of
pregnancies exposed to at least one aminosalicylate, biologic or traditional immunosuppressant during
pre-pregnancy over the study period. Supplementary Table 3 shows the proportion of pregnancies
exposed to at least one IBD medication overall, per class and per individual substance during pre-
pregnancy between 2012 and 2019.

Aminosalicylates

The most prescribed group of medication to treat IBD during pre-pregnancy between 2012 and 2019 were
aminosalicylates (19.0/10,000, 19/35.312, 53.8%), including mesalazine (14.7/10,000) and sulfasalazine
(4.3/10,000) (see Supplementary Table 3). The proportion of pregnancies treated with aminosalicylates
during pre-pregnancy remained stable throughout the study period, as no significant linear trend was
observed (b =0.29,95% CI-0.9; 1.49, p =0.629). Among ASAs, the proportion of mesalazine and
sulfasalazine prescriptions remained stable ([mesalazine linear trend: b = 0.24, 95% CI1-0.8; 1.3, p = 0.648];
[sulfasalazine linear trend: b=-0.1,95% CI-0.5; 0.6, p = 0.839]).

Biologics

Biologics were the second most prescribed group of medication to treat IBD between 2012 and 2019
(10.4/10,000, 10.4/35.3, 29.5%), mostly represented by TNF-alpha inhibitors (9.9/10,000), including
infliximab (4.5/10,000) and certolizumab (3.5/10,000) (see Supplementary Table 3).

The proportion of pregnancies during which biologics were prescribed increased over the study period,
with a significant linear trend (b =1.18,95% CI1 0.2; 2.2, p =0.022).

Among biologics, the proportion of infliximab prescriptions decreased, with a significant linear trend
(b=-0.5,95% CI -0.95; 0.04, p = 0.033), while that of certolizumab increased (b =0.8,95% CI 0.6; 1.0, p <
0.001).

Traditional immunosuppressants
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Traditional immunosuppressants were prescribed in 5.9/10,000 (5.9/35.3, 16.7%) pregnancies, most
frequently azathioprine (4.8/10,000) and mercaptopurine (0.6/10,000) (see Supplementary Table 3). The
proportion of pregnancies during which traditional immunosuppressants were prescribed remained stable
throughout the study period, as no significant linear trend (b=-0.5, 95% CI-1.2; 0.1, p =0.103) was
observed. Among traditional immunosuppressants, the proportion of azathioprine prescriptions remained
stable (b=-0.6,95% CI -1.3; 0.2, p = 0.122) and that of mercaptopurine decreased, with a significant linear
trend (b=-0.2, 95% CI -0.3;-0.1, p = 0.002). Methotrexate was prescribed in less than 4.8/10,000
pregnancies over the entire study period; all prescriptions were limited to the pre-pregnancy period.

Patterns of use among pregnancies exposed to at least one IBD medication during pre-pregnancy.

non

Figure 3 shows the proportion of “continuers’, 'switchers’, and "discontinuers” among pregnancies with at
least one IBD medication during pre-pregnancy over the study period. Supplementary Table 4 shows the
proportion of «continuers», «switchers», and «discontinuers» among pregnancies exposed to at least one
IBD medication during pre-pregnancy between 2012 and 2019.

Among pregnancies with at least one prescription for IBD medication during pre-pregnancy between 2012
and 2019, (29.8/10,000), 20.0/10,000 (20.0/29.8, 67.1%) were «continuers», 1.2/10,000 (1.2/29.8, 4.0%)
were «switchers», and 8.6/10,000 (8.6/29.8, 28.9%) were «discontinuers» (see Supplementary Table 4).
The proportion of «continuers», «switchers», and «discontinuers» remained stable, as no significant linear
trends were observed ([continuers: b=1.1,95% CI-0.1; 2.3, p = 0.076] ; [ «<switchers» : b=0.3,95% CI-0.2;
0.7, p=0.222]; [ «discontinuers» : b=-0.3,95% CI-0.9; 0.3, p = 0.393]).

Patterns of use among pregnancies with prescriptions for aminosalicylates, biologics, and traditional
immunosuppressants during pre-pregnancy.

Supplementary Table 5 shows the proportion of «continuers», «switchers», and «discontinuers» among
pregnancies with each medication class during pre-pregnancy between 2012 and 2019. Supplementary
Table 6 shows the proportion of «continuers», «switchers», and «discontinuers» among each individual
substance within each medication class.

Aminosalicylates

Among pregnancies with a prescription for ASA during pre-pregnancy (19.0/10,000), 12.6/10,000 were
«continuers» (12.6/19.0, 66.3%), 1.4/10,000 (1.4/19.0, 7.4%) were «switchers», and 5.0/10,000 (5.0/19.0,
26.3%) were «discontinuers» (see Supplementary Table 5). The proportions of ASA «continuers»,
«switchers», and «discontinuers» remained stable, as no significant linear trends were observed (|
«continuers»: b =0.6,95% CI-0.3; 1.6, p = 0.194]; [ «<switchers»: b=-0.1,95% CI -0.6; 0.4, p = 0.674]; [
«discontinuers»: b=-0.2,95% CI -0.8; 0.3, p = 0.343]).

Biologics
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Among pregnancies with a prescription for biologics during pre-pregnancy (10.4/10,000), 6.5/10,000 were
«continuers» (6.5/10.4, 62.5%), 1.0/10,000 (1.0/10.4, 9.6%) were «switchers», and 2.9/10,000 (2.9/10.4,
27.9%) were «discontinuers». The proportion of biologic «continuers» increased, with a significant linear
trend (b =1.4,95% CI1 0.7; 2.0, p< 0.001), while the proportion of «switchers» decreased, with a significant
linear trend (b=-0.23,95% CI -0.5;-0.0001, p = 0.015). The proportion of «discontinuers» remained stable
(b=0.05,95% CI-0.5; 0.6, p=0.862).

Traditional immunosuppressants

Among pregnancies with a prescription for traditional immunosuppressants during pre-pregnancy
(5.9/10,000), 3.4/10,000 were «continuers» (3.4/5.9, 57.6%), 1.1/10,000 (1.1/5.9, 18.6%) were
«switchers», and 1.4/10,000 (1.4/5.9, 23.7%) were «discontinuers». The proportion of traditional
immunosuppressants «continuers» increased, with a significant linear trend (b =1.4,95% CI10.7; 2.0, p <
0.001), while that of «switchers» decreased, with a marginally significant linear trend (b=-0.23, 95% ClI
-0.5; 0.03, p = 0.083). The proportion of «discontinuers» remained stable (b =0.05,95% CI-0.6;0.7,p =
0.879).

Figure 4, 5, 6 show the proportion of «continuers», «switchers», and «discontinuers» among pregnancies
with at least one aminosalicylate, one biologic, or one immunosuppressant during pre-pregnancy between
2012 and 2019.

Prevalence and type of corticosteroid use during or after trimester 2 among «continuers», «switchers»,
and «discontinuers» (who were prescribed at least one IBD medication during pre-pregnancy) between
2012 and 2019.

Supplementary Table 7 shows the proportion of pregnancies with at least one corticosteroid prescribed
during or after trimester 2 among «continuers», «switchers», and «discontinuers» between 2012 and
2019. Respectively 0.5/10,000,0.0/10,000 and 0.1/10,000 pregnancies among «continuers», «switchers»,
and «discontinuers» received a systemic corticosteroid within the 7 days before the delivery.

Between 2012 and 2019, at least one corticosteroid was prescribed during or after T2 in 5.3 (5.3/20.0,
26.5%) pregnancies among «continuers» (20.0/10,000). This was the case in 0.2/10.000 (0.2/1.2, 16.7%)
pregnancies among «switchers» and 1.2/10.000 (1.2/8.6, 14.0%) among «discontinuers».

Supplementary Table 8 shows the proportion of pregnancies with at least one systemic or topic
corticosteroid prescribed among «continuers», «switchers», and «discontinuers» with at least one
corticosteroid prescribed during or after T2.

Within each group of «continuers», «<switchers», and «discontinuers», the most used corticosteroids were
systemic corticosteroids, mostly prednisone and prednisolone, followed by topic corticosteroids
(budesonide).
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Discussion

This study aimed to determine the exposure prevalence and patterns of use of prescribed medications for
the treatment of IBD in pregnant women before and during pregnancy between 2012 and 2019 in
Switzerland using the MAMA cohort. We identified a study population of 104,087 completed pregnancies
with a mean maternal age at delivery of 31.7 years and 31.9% of caesarean sections, which was
comparable to the total population of Swiss pregnant women.

Overall, 29.8/10,000 (0.3%) pregnancies had a PCG code for IBD with a dispensation for at least one IBD
medication during pre-pregnancy between 2012 and 2019. This likely reflects the prevalence of
pregnancies with pharmacologically treated IBD in our cohort, which remained stable over the study
period. A similar prevalence (0.3%) has been reported across North America, Western Europe, and
Australia in a systematic review which included 147 studies [5].

More than half of pregnancies with a dispensation of IBD medication before pregnancy were exposed to
at least one ASA, and this proportion remained stable over time. The efficacy of ASA as first-line
treatment for UC is widely accepted, but evidence in CD is lacking. Already in 2010, the European
evidence-based Consensus on the diagnosis and management of Crohn's disease in the general
population did not recommend ASA for maintaining remission in CD [16]. The 2015 Toronto Consensus
Statement on management of IBD during pregnancy [17] did not mention the role of ASA in the treatment
of Crohn's disease. However, their treatment algorithm for induction therapy in CD during pregnancy only
suggests TNF-alpha inhibitors or corticosteroids. Guidelines that have been published after our study
period, emphasize the lack of evidence to support the use of ASA in the treatment of Crohn's disease [15,
29]. We cannot distinguish between UC and CD in our cohort, but a previous Swiss study from the canton
of Vaud reported a ratio of 1:1 of UC and CD in the general population in Switzerland (51% CD cases; 49%
UC cases) [30]. It seems unlikely that all women with UC in our study group would have been prescribed
ASA, as some of them may not have responded well to this treatment and may have required other
medications such as thiopurines or biologics. As a result, a non-negligible number of pregnancies that
were exposed to ASA may have involved women with Crohn's disease, for which ASA is actually not
recommended due to a lack of evidence of effectiveness. A possible explanation for this is that Swiss
healthcare providers may have a different approach, as evidenced by their guidelines, in which
mesalazine may still be considered an option for patients who are unwilling to progress to
immunosuppressants or biologics.

Studies in the general population have shown much lower numbers of ASA prescriptions with declining
rates over time. For example, in a Chinese cohort study of patients diagnosed with CD or UC between
1999 and 2019, the use of ASA in CD decreased from 39.6% in 2009 to 5.5% in 2020 while it remained
stable in UC [31]. Declining rates have also been reported in the US and Denmark in the general
population [32, 33] and in pregnant women in a study analyzing the use of IBD medications in two
cohorts in the US (2001-2013) and in Sweden (2006—2015) [34]. In all three cohorts, the prescription
rates of ASA decreased over time. We have considered three potential explanations for the lack of decline
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in the prescriptions of ASA in our cohort. First, our data are more recent than the other reports and it is
possible that a decline occurred earlier and was therefore not be observed in our data. However, in a
Swiss cohort of patients diagnosed with IBD between 2006 and 2012 (prior to our data), only a slight
decrease in new and continued ASA prescriptions was observed [35]. The authors have already pointed
out the gap between the widespread clinical use of ASA and the very weak evidence supporting its use in
CD. Second, despite our hypothesis of a 1:1 ratio of UC and CD cases in our cohort based on Swiss
numbers, many reports have suggested a higher prevalence of UC cases than CD cases [36]. This would
explain the high proportion of ASA/sulfasalazine treatment, but not the absence of decline. Finally, the
traditional gap between the publication of new evidence/guidelines and their implementation in clinical
practice [37] is likely reinforced in the pregnant population. Indeed, guidelines for pregnant women are
usually adapted from those for the general population and hence, are published later. In addition,
changing prescribing habits in this population usually takes more time because data on new(er)
medications are rarer and caution prevails in that area. It is likely that prescribers consider ASA safer as
long-term data is available on this class of medication.

In parallel to the absence of decline in ASA prescriptions, the proportion of pregnancies exposed to
biologics showed an increasing trend over the study period (b =1.18,95% Cl 0.2; 2.2, p =0.022), while
immunosuppressants remained stable. This increase in biologics appeared to be largely due to
certolizumab, which has a low placental transfer during the third trimester and is the only TNF-alpha
inhibitor approved for use in pregnancy in the European Union and Switzerland [38, 39]. This observation
is consistent with observations from the US and Swedish pregnancy cohorts as well as observations in
the general population [32, 33]. However, it may be questionable whether women who successfully
managed their condition with other TNF inhibitors, for which long-term safety data are available, should
be switched to this treatment during pregnancy. In our cohort, among pregnancies exposed to a biologic
treatment during pre-pregnancy and switched to a different treatment during or after the second trimester,
0.1/10,000 pregnancies were switched from adalimumab to golimumab and the rest were switched to
certolizumab (0.3/0.8 pregnancies from infliximab to certolizumab, 0.1/0.3 from adalimumab, 0.1/0.3
from golimumab and 0.1/0.2 from vedolizumab) or to a non-biologic treatment.

Prescriptions for the newest biologics (i.e., ustekinumab, vedolizumab) were very low reflecting the limited
data available for these drugs during the study period. The very small numbers observed for each
substance among immunosuppressants prevent us from drawing conclusions about a pattern over the
years. Prescriptions for methotrexate were very small (4.8/10,000) and all pregnancies exposed to
methotrexate during pre-pregnancy had either switched or discontinued medication before or during the
first trimester.

Finally, we observed that almost one third of pregnancies exposed to an IBD medication during pre-
pregnancy had no record of an IBD prescription in or after the second trimester. This rate remained stable
throughout the study period. It is unclear from the data whether women who discontinued their treatment
did so because they had a quiescent disease or because they/their prescriber had concerns about the
potential harm of continuing their medication. However, since we only followed women who were treated
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for IBD before pregnancy (excluding those with untreated IBD), our cohort likely reflects a subgroup of
women with more severe disease, who probably should have continued their treatment during pregnancy,
as this is essential to ensure the best possible outcomes. In parallel, the overall rate of pregnancies
exposed to any treatment both before pregnancy and in or after T2 ("continuers” and «switchers»)
remained stable over time.

Still, when patterns of use within each medication group (exposure to ASA, to biologics, or to traditional
immunosuppressants) were examined more closely, the rate of «continuers» among pregnancies exposed
to biologics and to traditional immunosuppressants showed an increasing trend over the study period,
while the rate of «switchers» showed a decreasing trend. Again, this may be due to the increasing data
available on these medications and the evolution of the guidelines recommending against their
discontinuation except in very specific cases [15, 17].

Methodological considerations

This study is, to our knowledge, the first to examine prescription of IBD medications before and during
pregnancy over time at the population level in Switzerland. Our results are based on a large
administrative claims database covering 17% of the Swiss population in 2021. Maternal age and
caesarean section numbers were consistent with those reported by the Swiss Federal Statistical Office for
the total population of women giving birth in Switzerland [27, 28]. However, due to the lack of information
on the socio-demographic characteristics of the included women, we cannot rule out that these women
may not be fully representative of all pregnant women in Switzerland. Approximately one third of our
cohort was assigned both a PCG code for both IBD and RA. It is likely that the PCG code for RA includes
women treated for both RA and IBD-related arthritis, which has been reported in as frequently as 16—-30%
of IBD cases [40]. Thus, it is possible that some of the medications used in our cohort were intended to
treat RA or IBD-related arthritis rather than IBD itself.

One of our study's strengths was that information on medication dispensations was automatically
recorded during outpatient care, which minimizes maternal volunteer or recall bias. However, we cannot
confirm whether the medications were actually taken by the women and whether they were taken close to
the time of dispensation. In addition, our algorithm for calculating gestational age and trimester has only
been validated in US claims data, so exposure misclassification might have occurred. However, because
our study focused on relatively long periods of interest, such as the entire pregnancies or semesters,
rather than specific trimesters, this risk should have been minimized.

Our study only included information on outpatient medication dispensations and did not include inpatient
medication dispensation. While this may have reduced the proportion of pregnancies exposed to specific
groups of medications or substances, it is unlikely to have affected the overall proportion of pregnancies
exposed to at least one IBD medication. Finally, we did not include pregnancies that ended in a
miscarriage or abortion because our aim was to examine longitudinal patterns of medication use.
However, we believe that the inclusion of these pregnancies would not have affected our prevalence of
IBD exposure, as IBD medications are not known to have an abortifacient effect except for methotrexate.
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Conclusion

The dispensation of medications to treat inflammatory bowel disease (IBD) among pregnant women in
the MAMA cohort in Switzerland remained stable over time and was consistent with other reports.
Aminosalicylates were the most commonly prescribed medication to treat IBD, with a stable rate over
time. Thus, it appears that a non-negligible proportion of women with Crohn's disease might still being
treated with these medications, despite the lack of evidence to support their use as first-line therapy. The
prescription rate of traditional immunosuppressants decreased over the study period, while biologics'
prescriptions increased, reflecting the growing evidence on the safety of the latter medicines during
pregnancy. One in three women discontinued all treatment during pregnancy, with a stable proportion
over time. It is not known whether women discontinued treatment due to quiescent disease or concerns
about medication harm. If the latter, these women should be identified and counseled, preferably during
the pre-conception period, about the risks and benefits of disease and treatment.

Abbreviations

Inflammatory bowel diseases (IBD), Crohn's disease (CD) , Ulcerative colitis (UC), Aminosalicylates
(ASAs), British Society of Gastroenterology (BSG), Chrétienne sociale Suisse Assurance (CSS), SwissDRG
(Diagnosis Related Groups), fTARMED (Swiss medical services tariffication system), Trimester 1 (T1),
Trimester 2 (T2), Trimester 3 (T3), pharmaceutical cost group (PCG), rheumatoid arthritis (RA),
Anatomical Therapeutic Classification (ATC).

Declarations

Ethics approval and consent to participate: Since the data used was anonymous, ethical review and
approval were not required for this study.

Consent for publication: Not applicable

Availability of data and materials: The data that support the findings of this study were used under
license for the current study, and so are not publicly available. Data are however available from the
corresponding author upon reasonable request and with permission of the data provider.

Competing interests: The authors declare that they have no competing interests.

Funding: Financial support for this study was provided by the LOA IV fund,managed by curafutura,
pharmaSuisse and santésuisse, Switzerland.

Authors' contributions: EG, AP designed the study. EG, MD, SB analyzed the data. EG drafted the
manuscript. EG, MD, SB, BO, SK, GF, EM, UW, CS, HL, MC, DB, JS, AP reviewed and edited the manuscript.
All authors approved the final version of the article, including the authorship list.

Acknowledgements: Not applicable

Page 15/23



References

1.

10.

11.

12.

13.

Alatab S, Sepanlou SG, lkuta K, et al. The global, regional, and national burden of inflammatory
bowel disease in 195 countries and territories, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017. The Lancet Gastroenterology & Hepatology. 2020;5(1):17-30.
doi:10.1016/S2468-1253(19)30333-4

. Jussila A, Virta LJ, Pukkala E, Farkkila MA. Mortality and causes of death in patients with

inflammatory bowel disease: a nationwide register study in Finland. J Crohns Colitis. 2014;8(9):1088-
1096. doi:10.1016/j.crohns.2014.02.015

. Burisch J, Lophaven S, Langholz E, Munkholm P. The clinical course of Crohn’s disease in a Danish

population-based inception cohort with more than 50 years of follow-up, 1962-2017. Aliment
Pharmacol Ther. 2022;55(1):73-82. doi:10.1111/apt.16615

. Cohen RD, Yu AP, Wu EQ, Xie J, Mulani PM, Chao J. Systematic review: the costs of ulcerative colitis

in Western countries. Aliment Pharmacol Ther. 2010;31(7):693-707. doi:10.1111/j.1365-
2036.2010.04234.x

. Ng SC, Shi HY, Hamidi N, et al. Worldwide incidence and prevalence of inflammatory bowel disease in

the 21st century: a systematic review of population-based studies. The Lancet.
2017;390(10114):2769-2778. doi:10.1016/S0140-6736(17)32448-0

. Maladies inflammatoires chroniques de I'intestin (MICI) - Inserm, La science pour la santé. Inserm.

Accessed January 26, 2023. https://www.inserm.fr/dossier/maladies-inflammatoires-chroniques-
intestin-mici/

. Johnston RD, Logan RFA. What is the peak age for onset of IBD? Inflammatory Bowel Diseases.

2008;14(suppl_2):S4-S5. doi:10.1002/ibd.20545

. Vermeire S, Carbonnel F, Coulie PG, et al. Management of inflammatory bowel disease in pregnancy.

Journal of Crohn’s and Colitis. 2012;6(8):811-823. doi:10.1016/j.crohns.2012.04.009

. Fonager K, Sorensen HT, Olsen J, Dahlerup JF, Rasmussen SN. Pregnancy outcome for women with

Crohn’s disease a follow-up study based on linkage between national registries. Am J Gastroenterol
1998 93 2426-30.

Cornish J, Tan E, Teare J, et al. A meta-analysis on the influence of inflammatory bowel disease on
pregnancy. Gut. 2007;56(6):830-837. doi:10.1136/gut.2006.108324

Ngrgard B, Hundborg HH, Jacobsen BA, Nielsen GL, Fonager K. Disease activity in pregnant women
with Crohn’s disease and birth outcomes: a regional Danish cohort study. Am J Gastroenterol.
2007;102(9):1947-1954. doi:10.1111/j.1572-0241.2007.01355.x

Sulz MC, Burri E, Michetti P, et al. Treatment Algorithms for Crohn’s Disease. Digestion.
2020;101(Suppl. 1):43-57. doi:10.1159/000506364

Burri E, Maillard MH, Schoepfer AM, et al. Treatment Algorithm for Mild and Moderate-to-Severe
Ulcerative Colitis: An Update. Digestion. 2020;101(Suppl. 1):2-15. doi:10.1159/000504092

Page 16/23



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Restellini S, Biedermann L, Hruz P, et al. Update on the Management of Inflammatory Bowel Disease
during Pregnancy and Breastfeeding. Digestion. 2020;101 Suppl 1:27-42. doi:10.1159/000502886

Lamb CA, Kennedy NA, Raine T, et al. British Society of Gastroenterology consensus guidelines on
the management of inflammatory bowel disease in adults. Gut. 2019;68(Suppl 3):s1-s106.
doi:10.1136/gutjnl-2019-318484

Dignass A, Van Assche G, Lindsay JO, et al. The second European evidence-based Consensus on the
diagnosis and management of Crohn’s disease: Current management. Journal of Crohn's and Colitis.
2010;4(1):28-62. doi:10.1016/j.crohns.2009.12.002

Nguyen GC, Seow CH, Maxwell C, et al. The Toronto Consensus Statements for the Management of
Inflammatory Bowel Disease in Pregnancy. Gastroenterology. 2016;150(3):734-757.e1.
doi:10.1053/j.gastro.2015.12.003

Selinger CP, Eaden J, Selby W, et al. Inflammatory bowel disease and pregnancy: Lack of knowledge
is associated with negative views. Journal of Crohn’s and Colitis. 2013;7(6):e206-213.
doi:10.1016/j.crohns.2012.09.010

Ellul B Zammit SC, Katsanos KH, et al. Perception of Reproductive Health in Women with
Inflammatory Bowel Disease. Journal of Crohn’s and Colitis. 2016;10(8):886-891. doi:10.1093/ecco-
jec/jjw011

Mountifield RE, Prosser R, Bampton P, Muller K, Andrews JM. Pregnancy and IBD treatment: This
challenging interplay from a patients’ perspective. Journal of Crohn’s and Colitis. 2010;4(2):176-182.
doi:10.1016/j.crohns.2009.10.001

Gerbier E, Favre G, Maisonneuve E, et al. Antidiabetic Medication Utilisation before and during
Pregnancy in Switzerland between 2012 and 2019: An Administrative Claim Database from the
MAMA Cohort. J Diabetes Res. 2023;2023:4105993. doi:10.1155/2023/4105993

Rapport de gestion. Accessed August 2, 2022. https://www.css.ch/fr/a-propos-de-
css/portrait/medias-publications/rapport-gestion.html

Gerbier E, Graber SM, Rauch M, et al (2022) Use of Prescribed Drugs to Treat Chronic Diseases during
Pregnancy in Outpatient Care in Switzerland between 2014 and 2018: Descriptive Analysis of Swiss
Health Care Claims Data. Int J Environ Res Public Health 19(3):1456.
https://doi.org/10.3390/ijerph19031456

Margulis AV, Setoguchi S, Mittleman MA, Glynn RJ, Dormuth CR, Herndandez-Diaz S (2013)
Algorithms to estimate the beginning of pregnancy in administrative databases. Pharmacoepidemiol
Drug Saf 22(1):16-24. https://doi.org/10.1002/pds.3284

Gerbier E, Graber SM, Rauch M, et al (2021) Use of drugs to treat symptoms and acute conditions
during pregnancy in outpatient care in Switzerland between 2014 and 2018: analysis of Swiss
healthcare claims data. Swiss Med Wkly 151:w30048. https://doi.org/10.4414/smw.2021.w30048
Spoendlin J, Blozik E, Graber SM, et al (2021) Use of valproate in pregnancy and in women of

childbearing age between 2014 and 2018 in Switzerland: a retrospective analysis of Swiss
healthcare claims data. Swiss Medical Weekly. https://doi.org/10.4414/smw.2021.20386

Page 17/23



27.

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

statistique O fédéral de la (2020) Nombre et taux de césariennes selon le canton et la région de
domicile - 2007-2019 | Tableau. In: Office fédéral de la statistique.
https://www.bfs.admin.ch/asset/fr/14841442. Accessed 2 Aug 2022

. statistique O fédéral de la (2021) Age moyen des meres et des péres a la naissance de I'enfant selon

la catégorie de nationalité, de 1971 a 2020 - 1971-2020 | Tableau. In: Office fédéral de la statistique.
https://www.bfs.admin.ch/asset/fr/18845655. Accessed 2 Aug 2022

Lichtenstein GR, Loftus EV, Isaacs KL, Regueiro MD, Gerson LB, Sands BE. ACG Clinical Guideline:
Management of Crohn’s Disease in Adults. Official journal of the American College of
Gastroenterology | ACG. 2018;113(4):481. doi:10.1038/ajg.2018.27

Juillerat P, Pittet V, Bulliard JL, et al. Prevalence of Inflammatory Bowel Disease in the Canton of
Vaud (Switzerland): A population-based cohort study. Journal of Crohn’s and Colitis. 2008;2(2):131-
141. doi:10.1016/j.crohns.2007.10.006

Yao LY, Shao BL, Tian F, et al. Trends in medication use and treatment patterns in Chinese patients
with inflammatory bowel disease. World J Gastroenterol. 2022;28(30):4102-4119.
doi:10.3748/wjg.v28.i30.4102

Noureldin M, Cohen-Mekelburg S, Mahmood A, et al. Trends of 5-Aminosalicylate Medication Use in
Patients With Crohn Disease. Inflammatory Bowel Diseases. 2021;27(4):516.
doi:10.1093/ibd/izaa127

Changes in medical treatment and surgery rates in inflammatory bowel disease: a nationwide cohort
study 1979-2011 | Gut. Accessed February 15, 2023. https://gut.bmj.com/content/63/10/1607.long

Broms G, Friedman S, Kim SC, et al. The Patterns of Use of Medications for Inflammatory Bowel
Disease During Pregnancy in the US and Sweden Are Changing. Inflammatory Bowel Diseases.
2021;27(9):1427-1434. doi:10.1093/ibd/izaa294

Schoepfer AM, Bortolotti M, Pittet V, et al. The gap between scientific evidence and clinical practice:
5-aminosalicylates are frequently used for the treatment of Crohn's disease. Alimentary
Pharmacology & Therapeutics. 2014;40(8):930-937. doi:10.1111/apt.12929

Marshall JK. Are there epidemiological differences between crohn’s disease and ulcerative colitis?
Inflammatory Bowel Diseases. 2008;14(suppl_2):S1. doi:10.1002/ibd.20578

Beauchemin M, Cohn E, Shelton RC. Implementation of clinical practice guidelines in the healthcare
setting: A Concept Analysis. ANS Adv Nurs Sci. 2019;42(4):307-324.
doi:10.1097/ANS.0000000000000263

Mariette X, Forger F, Abraham B, et al. Lack of placental transfer of certolizumab pegol during
pregnancy: results from CRIB, a prospective, postmarketing, pharmacokinetic study. Annals of the
Rheumatic Diseases. 2018;77(2):228-233. doi:10.1136/annrheumdis-2017-212196

AIPS - Recherche individuelle. Accessed August 21, 2023.
https://www.swissmedicinfo.ch/ViewMonographie

Brakenhoff LKPM, van der Heijde DM, Hommes DW, Huizinga TWJ, Fidder HH. The joint-gut axis in
inflammatory bowel diseases. J Crohns Colitis. 2010;4(3):257-268.

Page 18/23



doi:10.1016/j.crohns.2009.11.005

Footnotes

1. To avoid any potential confounding effects of COVID-19, we decided not to include data beyond
2019 in our analysis. Any data collected after that time will be reserved for a future publication.

2.35.3/10,000 corresponds to the sum of pregnancies exposed to at least one aminosalicylate, at least
one biologic and at least one traditional immunosuppressant during pre-pregnancy between 2012-
2019. One pregnancy may have been exposed to multiple groups during pre-pregnancy and therefore
the medication groups are not mutually exclusive. Thus, the denominator is superior to the total of
pregnancies exposed to at least one IBD medication during pre-pregnancy (29.8/10,000).

Figures

Women with at least one delivery (n=80,320) ;
Deliveries (n=104,098)

-

Pregnancies with a PCG code for inflammatory bowel
disease (n=964)

Pregnancies dispensed at least one medication to
treat IBD during pre-pregnancy (n=310) *

aminosalicylate _ immunosuppressant
(n=198) (n=108) (n=61)

[ 1 I ] I 1 ]

Continuers ] Switchers Discontinuers ( Continuers Switchers Discontinuers Continuers Switchers Discontinuers]
(n=131) (n=15) (n=52) (n=68) (n=10) (n=30) (n=35) (n=11) (n=15)

[ At least one J [At least one bi ologic} [At least one traditiona?

* Among these pregnancies, 91 were also assigned a PCG code for Rheumatoid Arthritis.

The sum of pregnancies exposed to at least one aminosalicylates, biologics and traditional immunosuppressants is superior to pregnancies
exposed to at least one IBD since one pregnancy may have been exposed to multiple medication classes. The medication groups are not
mutually exclusive.

Figure 1

Flowchart of pregnancies with treated IBD during pre-pregnancy between 2012 and 2019 in the MAMA
cohort.
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* The sum of pregnancies exposed to at least one aminosalicylates, biologics and traditional immunosuppressants is superior to pregnancies

exposed to at least one IBD since one pregnancy may have been exposed to multiple medication classes. The medication groups are not
mutually exclusive.

Figure 2

Proportion of pregnancies exposed to at least one aminosalicylate, biologic, or traditional
immunosuppressant during pre-pregnancy between 2012 and 2019.
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*When a pregnancy is prescribed multiple medication classes/substances during pre-
pregnancy, it will be counted as a continuer for the medication class that is continued
during or after T2 and as a switcher for the medication that is not continued during or
after T2.
Figure 3

- Continuers*

- Switchers

Proportion of «continuers», «switchers», and «discontinuers» among pregnancies with at least one IBD
medication during pre-pregnancy between 2012 and 2019.
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Proportion of «continuers», «switchers», and «discontinuers» among pregnancies with at least one
aminosalicylate prescription during pre-pregnancy between 2012 and 2019.
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Proportion of «continuers», «switchers», and «discontinuers» among pregnancies with at least one
biologic prescribed during pre-pregnancy between 2012 and 2019.
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Figure 6

Proportion of «continuers», «switchers», and «discontinuers» among pregnancies with at least one
traditional immunosuppressant prescribed during pre-pregnancy between 2012 and 2019.
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