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Abstract

Background Systemic corticosteroids are often used to treat inflammatory bowel disease (IBD) flares during preg-
nancy as maintenance of disease remission is crucial to optimize pregnancy outcomes. However, there is little data
regarding the effect of in utero exposure to corticosteroids on the risk of adverse birth outcomes and early-life infec-
tions in the offspring.

Methods We used the Danish national registries to establish a nationwide cohort of all singleton live births in
women with IBD from 1995 to 2015. Outcomes in children exposed in utero to corticosteroids were compared to
those who were not exposed. In logistic and Cox proportional hazard regression models, we adjusted the outcomes
(major congenital malformation, preterm birth, small for gestational age, low 5-min Apgar score, and infections) for
confounders such as body mass index, smoking, comorbidity, and additional medical IBD treatment.

Results After in utero exposure to corticosteroids at any time between 30 days prior to conception through the

first trimester (n =707), the adjusted hazard ratio of major congenital malformation was 1.28 (95% Cl: 0.82-2.00)
compared to children born to women with IBD, but not exposed to corticosteroids in utero (n=9371). After in utero
exposure to corticosteroids at any time during pregnancy (n = 1336), the adjusted odds ratios for preterm birth, small
for gestational age, and low 5-min Apgar score were 2.45 (95% Cl: 1.91-3.13), 1.21 (95% Cl: 0.76-1.90), and 0.91 (95%
Cl: 0.33-2.52), respectively. Finally, the adjusted hazard ratio of overall infections in the first year of life was 1.14 (95%
Cl: 0.94-1.39).

Conclusions This nationwide cohort study suggests that children of women with IBD exposed to corticosteroids in
utero had an almost 2.5-fold increased risk of preterm birth. Use of corticosteroids is closely related to disease activity
and we cannot adjust for the independent role of disease activity. It is however reassuring that the other examined
birth and early-life outcomes were not statistically significantly increased.
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Background

Inflammatory bowel disease (IBD) is prevalent in the
fertile years and reproductive issues frequently arise [1].
Due to their immunosuppressive and anti-inflammatory
effects, corticosteroids are often administered in preg-
nant women with IBD to treat flares because uncon-
trolled disease activity is regarded as more harmful to
maternal and fetal health than high-dose steroids [2—4].
When systemic corticosteroid therapy is administrated in
pregnancy, the corticosteroid crosses the placental bar-
rier but might be in higher concentrations in the mater-
nal circulation than in the developing fetus’ circulation,
as it rapidly metabolizes to less active metabolites [1].
Despite the assumed limited fetal concentration, it is still
debated whether the organogenesis is affected by mater-
nal corticosteroid use during early pregnancy, where an
increased risk of congenital malformations, with special
attention to orofacial cleft defects, has been suggested in
some studies [5—8]. Congenital malformations are always
a matter of concern after drug exposure in pregnancy,
but other adverse offspring outcomes are equally impor-
tant. Preterm birth, impaired fetal growth, and low 5-min
Apgar score are some of the most important outcomes
that predict morbidity and mortality later in life [9, 10].
In utero exposure to corticosteroids among IBD patients
has been associated with adverse birth outcomes such as
preterm birth, small for gestational age, low birth weight,
and neonatal infection in few recent studies [11-13]. It is
hypothesized that corticosteroid exposure may influence
immune system development and suppress the immune
response in the neonate, leading to adverse outcomes
such as neonatal infections. However, given that corti-
costeroids are reserved for patients with active inflamma-
tory bowel disease, it is difficult to distinguish whether
adverse birth outcomes arise due to active disease or cor-
ticosteroid exposure [3].

Based on nationwide population-based Danish reg-
ister data, we aimed to examine if in utero exposure to
corticosteroids in women with IBD is associated with an
increased risk of major congenital malformation, preterm
birth, small for gestational age, low 5-min Apgar score,
and infections diagnosed in the first year of life, includ-
ing an overall infection risk, and the risk of site-specific
infection groups, compared to women with IBD not
treated with corticosteroids during pregnancy.

Methods

Setting and study population

The tax-financed Danish healthcare system provides
treatment and care of all residents in Denmark and this
uniform organization of the healthcare system allows
us to use a population-based study design on regis-
ter data from central data sources which are routinely
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collected with complete follow-up [14, 15]. The Danish
Civil Registration System includes information on dates
of birth, migration, and death and holds a unique per-
sonal 10-digit key for linkage between registries [16]. We
obtained data from the Danish Medical Birth Register
[17], the Danish National Patient Register [18], and the
Danish National Prescription Register [19]. All births in
Denmark are registered in the Medical Birth Register
established in 1973, and the register holds information
regarding mother, child, and birth, e.g., age, body mass
index (BMI), smoking status, parity, and gestational age,
Apgar score, weight and length on the neonate. The Dan-
ish National Patient Register has collected information
on all hospital discharges in Denmark since 1977, and
since 1994 likewise on all outpatient visits. The infor-
mation comprises diagnoses, surgeries and procedures
performed, date of admission, and date of discharge,
along with information on hospitals and departments.
In 1994, the registration of diagnoses was changed from
the Danish version of the International Classification of
Diseases in the 8™ revision (ICD-8) to ICD-10 [18]. The
Danish National Prescription Register has since 1995 col-
lected data on all prescribed medications that have been
redeemed in any Danish pharmacy to the citizens based
on their civil registration number, and furthermore, the
register provides information on the time and place of
a redemption [19, 20]. All medications in the register
are classified according to the Anatomical Therapeutic
Chemical Classification (ATC) system. Note, throughout
this paper, we refer to pregnant and birthing individuals
as “female;,” “women,” or “mothers” while acknowledging
that not all individuals included in our study may choose
this label.

Study population

The study population comprises all singleton live births
by women with IBD including ulcerative colitis (ICD-10:
K51) and Crohn’s disease (ICD-10: K50), registered in the
Danish National Birth Register from 1st January 1995 to
31st of December 2015. We had a 1-year follow-up on all
children.

The exposed cohorts

For the children in the study population, we stratified
the exposed cohort in two groups according to mothers’
use of corticosteroids during pregnancy. Cohort #1 was
exposed within a period of 30 days prior to conception
until the end of the first trimester, with at least one pre-
scription of systemic corticosteroids (ATC: H02). This
represents the period of organogenesis, and we used
this cohort to examine major congenital malformations.
Exposed cohort #2 was children exposed at any time dur-
ing the entire pregnancy, i.e., at least one prescription of
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systemic corticosteroids from the date of conception to
the date of birth [21]. This cohort was used to estimate
the impact on adverse birth outcomes and early-life
infections in the first year of life. We focused only on
systemic corticosteroids, due to the reduced systemic
bioavailability.

The unexposed cohort

From the study population, the unexposed cohort con-
sisted of children born to women with IBD who were
not treated with systemic corticosteroids within 30 days
before conception or at any time during pregnancy.

Outcome ascertainment

The designation congenital malformations included the
first registered malformation diagnosed from the date
of birth until the child turned one year, in the Danish
National Patient Register, with the exclusion of minor
birth defects according to the EUROCAT guidelines [22,
23]. Preterm birth was defined by birth before gestational
week 37 +0, and small for gestational age was estimated
based on information on birth weight and gestation
according to the Marsal et al. algorithm for small for ges-
tational age [24]. Furthermore, we obtained the 5-min
Apgar scores for the neonates, and scores below 7 were
considered low [9]. All birth outcomes were derived from
the Danish Medical Birth Register [17]. For the early-life
infections, the outcomes were detected from the date of
birth until the child turned one year, and was based on
information from the Danish National Patient Register
as ICD-10 codes, i.e., infections that were diagnosed at
hospital admission. Mild infections that were diagnosed
only by a general practitioner were thus not included in
the outcome ascertainment. The type of infections was
recorded according to site-specific groups, i.e., respira-
tory tract infections, infections of the gastrointestinal
tract, urogenital infections, infections of the skin and
subcutaneous tissue, bacteremia, and other infections.
We also examined the overall risk of infection by esti-
mating the risk of a first infection (regardless of type of
infection). Please refer to Additional file 1: Table S1 for
the included diagnostic ICD-10 codes, and correspond-
ing infections, and for EUROCAT diagnoses of congeni-
tal malformation, Table S2.

Data on covariates

The covariates were selected a priori from the different
registries and applied to the statistical models when rel-
evant. From the Medical Birth Register, we extracted data
on maternal age at the time of birth (continuous), parity
(0, 1+), maternal smoking when entering the pregnancy
(yes/no), sex of the child [25], calendar year of child birth
distributed into the categories 1995-1999, 2000—2004,
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2005-2009, and 2010-2015 and introduced in the mod-
els to adjust for a possible cohort effect, and maternal
BMI (underweight [<18.5 kg/m?], normal weight [18.5-
24.9 kg/m?], overweight [25.0-29.9 kg/m?], and obese
[25.0-29.9 kg/m?]). Information on BMI is available in
the register from 2005. From the National Prescription
Register [19], and the Danish National Patient Register,
we extracted information on medications used to treat
IBD, including biologic therapy from 2005 and onwards,
azathioprine/mercaptopurine,  5-aminosalicylic  acid
derivatives (5-ASA) and methotrexate in a time period of
30 days prior to conception or during pregnancy. From
the Danish National Patient Register [18], we obtained
data on maternal comorbid diseases according to Charl-
son’s comorbidity index [26]. This index covers 19 major
disease categories weighted according to their prognostic
impact, and we computed the index based on diagnoses
recorded during all previous hospitalizations since 1977,
and in a two-level index defined as no comorbidity and
some comorbidity (0, 1+).

Statistical analysis

The analytic unit of this study was births, and con-
tingency tables were constructed for the main study
variables according to the two exposed cohorts, and
the unexposed cohort. The statistical model took the
clustering of children born by the same mother into
account. When examining the different dichotomous
outcomes, i.e., risk of preterm birth, small for gesta-
tional age, and low 5-min Apgar score, we used uni-
variate and multivariate logistic regression analyses by
in utero corticosteroid exposure as crude and adjusted
odds ratios (OR) with 95% confidence intervals (95%
CI). In the logistic regression models, we adjusted
for maternal age at child birth, calendar year of birth,
maternal smoking, BMI, comorbidity, parity, the sex of
the child, and medical treatment for IBD with biologic
therapy, azathioprine/mercaptopurine, and 5-ASA.
When we examined the time-to-event outcomes, i.e.,
major congenital malformation and the risk of infec-
tions within the first year of life, the follow-up of the
children started on the date of birth and ended on the
date of the first specified outcome of interest, emigra-
tion, death or the child’s first birthday, whichever came
first. In order to analyze whether major congenital mal-
formations or infections were different between the
exposed and unexposed cohort, we used a Cox propor-
tional hazard regression model estimating the hazard
ratio (HR). First infection and each site-specific infec-
tion were visualized using Kaplan—Meier plots strati-
fied for the IBD subtype, ulcerative colitis or Crohn’s
disease. The distribution of the types of different major
congenital malformations is presented in the Additional
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file 1: Table S3. The model assumptions were inspected
graphically. In the Cox proportional hazard regression
models, we adjusted for the same parameters as men-
tioned above. In general, for outcome categories with
less than 5 child outcomes in the exposed cohort, we
did not calculate the crude or adjusted HRs due to a
lack of statistical precision.

All analyses were made using STATA Release 16
(StataCorp).

Sensitivity/sub-analyses

In a first sensitivity analysis, we analyzed the confounding
impact of maternal BMI as these data were only available
for a restricted time period, and in a second sensitivity
analysis, we excluded women with obstetrical diagnoses
related to threatening preterm birth. Furthermore, in a
sub-analysis, we stratified on a maternal underlying diag-
nosis of either ulcerative colitis or Crohn’s disease.

Results
Characteristics of the cohorts
In total, 6986 unique pregnant women with IBD were
included in the study. Table 1 presents the basic study
characteristics of the two exposed cohorts and the unex-
posed cohort, including characteristics of the mother
and the childbirth. During the study period, a total of
707 children were born after early pregnancy exposure
to corticosteroids, 1336 children were born after expo-
sure at any time during pregnancy, and 9371 children
were born to women with IBD who did not receive cor-
ticosteroids during pregnancy (unexposed). The maternal
age distribution was identical in the three cohorts with
a median age of 30 and 31 years at child birth (25-75
percentile: 28—34 years). The three cohorts had identical
data on maternal BMI, smoking, comorbidity, and parity.
Across the three cohorts, women had equivalent use of
biologic therapy within 30 days prior to conception and
during pregnancy. Slightly fewer women used azathio-
prine in the unexposed cohort; 5.9% vs. 12.9% and 10.8%
in the two exposed cohorts. The same pattern was pre-
sent regarding 5-ASA treatment during pregnancy with
28.2% in the unexposed cohort and 65.8% and 69.8% in
the two exposed cohorts.

Major congenital malformations

For major congenital malformations, the adjusted HR of
the first diagnosed malformation was 1.28 (95% CI: 0.82—
2.00) for children exposed to corticosteroids in early
pregnancy, compared to children not exposed to corti-
costeroids (Table 2).
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Preterm birth, small for gestational age, and low 5-min
Apgar score

Table 3 presents the birth outcomes of preterm birth,
small for gestational age and low 5-min Apgar score. The
adjusted odds ratio of preterm birth after in utero expo-
sure to corticosteroids at any time during pregnancy was
2.45 (95% CI: 1.91-3.13), and for small for gestational age
and low 5-min Apgar score, the adjusted odds ratios were
0.91 (95% CI: 0.33-2.52) and 1.21 (95% CI: 0.76-1.90),
respectively.

Infections in the first year of life

The crude and adjusted HRs for the site-specific infection
categories in the offspring are presented in Table 4. In the
group of first infection, covering all measured infections,
the adjusted HR was 1.14 (95% CI: 0.94-1.39). There was
no statistically significantly increased risk of the subtypes
of infections, i.e., respiratory tract infections, infections
of the gastrointestinal tract, urogenital infections, infec-
tions of the skin and subcutaneous tissue, bacteremia,
and other infections after in utero exposure to corticos-
teroids compared to the unexposed children. We found
no outcomes in the category of infections in the skin/
subcutaneous tissue and bacteremia, and thus no suf-
ficient analysis could be completed. For all other site-
specific infections, the results are presented graphically
as the cumulative proportions in Fig. 1 stratified on IBD
subtype, i.e., ulcerative colitis and Crohn’s disease.

Sensitivity/sub-analyses

In the sensitivity analyses on the confounding impact of
maternal BMI, we did not detect any altered risk esti-
mates of major congenital malformations, preterm birth,
small for gestational age, low 5-min Apgar score, or infec-
tions, compared to the main analysis (data not shown).
In the second sensitivity analysis excluding patients with
obstetrical diagnoses, the risk estimates obtained from
the main model did not alter (data not shown). Finally,
in the sub-analysis stratifying the women according to
their underlying IBD diagnosis of either ulcerative colitis
or Crohn’s disease, we did not detect an impact of under-
lying maternal disease on the risk estimates. Data not
shown.

Discussion

Our results are based on all live-born children in women
with IBD in Denmark from 1995 to 2015 (6986 individual
women), and represent important and useful information
for pregnant women with IBD, their partners, and clini-
cians. We found that neonates born to women with IBD
who were treated with corticosteroids during pregnancy
had a significantly increased risk of being born preterm.
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Table 1 Descriptive characteristics of women with inflammatory bowel disease (IBD), and their neonates exposed to corticosteroids
during pregnancy, and unexposed from 1995 to 2015

Exposed cohort #1 Exposed cohort #2 Unexposed cohort
N=707 N=1336 N=9371

Maternal age at child birth, median years (25-75 percentiles) 31 (28-34) 30 (28-34) 31(28-34)
Maternal underlying disease, N (%)

Ulcerative colitis 477 (67.5) 963 (72.1) 5404 (57.7)

Crohn's disease 228(32.2) 367 (27.5) 3916 (41.8)

Both diagnosis 2(0.3) 6 (0.4) 51(0.5)
Maternal disease duration, median years (25-75 percentiles) 5(2-10) 4(1-8) 6(3-11)
Maternal BMI', N (%)

<185 (underweight) 25(3.5) 50(3.7) 313(33)

18.5-24.99 (normal weight) 278(39.3) 512(38.3) 3904 (41.7)

25.00-29.99 (overweight) 81(11.5) 160 (12.0) 1215 (13.0)

>30.00 (obese) 41 (5.8) 94 (7.0) 710(7.6)

Missing 282 (39.9) 520 (38.9) 3229 (34.5)
Maternal smoking, N (%)

Non-smoker 564 (79.8) 1065 (79.7) 7389 (78.8)

Smoker 79(11.2) 156 (11.7) 1444 (15.4)

Missing 64 (9.1) 115 (8.6) 538(5.7)
Maternal comorbidity, N (%)

No comorbidity 604 (85.4) 1169 (87.5) 8371(89.3)

Some comorbidity 103 (14.6) 167 (12.5) 1000 (10.7)
Biologic therapy ™™

No 684 (96.7) 1288 (96.4) 9154 (97.7)

Yes 23(33) 48 (3.6) 217 (2.3)
Azathioprine/mercaptopurine™

No 616 (87.1) 1192 (89.2) 8816 (94.1)

Yes 91 (129 144 (10.8) 555(5.9)
5-ASA™"

No 242 (34.2) 403 (30.2) 6731 (71.8)

Yes 465 (65.8) 933 (69.8) 2640 (28.2)
Methotrexate™

No 707 (100.0) 1335 (99.9) 9370 (100.0)

Yes 1(0.1) 1(00)
Calendar year of childbirth, N (%)

1995-1999 123(17.4) 254 (19.0) 1513 (16.1)

2000-2004 184 (26.0) 303 (22.7) 1966 (21.0)

2005-2009 181 (25.6) 387 (29.0) 2426 (25.9)

2010-2015 219(31.0) 392 (29.3) 3466 (37.0)
Parity, N (%)

0 318 (45.0) 657 (49.2) 4442 (47.4)

1+ 389 (55.0) 679 (50.8) 4929 (52.6)
Sex of the child, N (%)

Female 345 (48.8) 656 (49.1) 4609 (49.2)

Male 362 (51.2) 680 (50.9) 4762 (50.8)
Maternal diagnoses, N (%)

047 False labor 37(5.2) 71(53) 528 (5.6)

7358B Previous preterm birth 20(2.8) 32(24) 227 (2.4)

P05-08 Intrauterin growth retardation 4(0.0)

014 Pre-eclampsia 26 (3.7) 40 (3.0) 290 (3.1)

045 Abruptio placentae 5(0.7) 9(0.7) 56 (0.6)

0244 Gestational diabetes mellitus 19 (2.7) 39(2.9) 211 (23)

' BMIBody mass index

" A total of 6986 women with inflammatory bowel disease

" In the register from 2005 and onwards. From 30 days prior to conception or during pregnancy
" Within 30 days prior to conception
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Table 2 The hazard ratio of congenital malformations in live born children exposed in utero to corticosteroids (#1), relative to children
not exposed in utero to corticosteroids. Multivariable Cox proportional hazard regression model with crude and adjusted estimates
with 95% confidence intervals (Cl)

Live births after in utero exposure to  Live births not exposed in utero to Odds ratio (95% Cl)

corticosteroids #1 corticosteroids

N=707 N=9371

N events Years at risk N events Years at risk Crude Adjusted®
Congenital malfor- 37 673.6 374 9021.8 1.32(0.94-1.85) 1.28 (0.82-2.00)

mations

2 Adjusted for maternal comorbidity, maternal age at child birth, calendar year of child birth, maternal smoking status, parity, sex of the child, maternal BMI, maternal
use of biologic therapy, azathioprines, or 5-ASA 30 days prior to conception or during pregnancy

Table 3 Odds of adverse birth outcomes in live-born children exposed in utero to corticosteroids (#2), relative to children not
exposed in utero to corticosteroids, multivariable logistic regression models with crude and adjusted estimates with 95% confidence
intervals (Cl)

Live births after in utero exposure Live births not exposed in utero  Odds ratio (95% Cl)

to corticosteroids #2 to corticosteroids

N=1336 N=9371

N events (%) N events (%) Crude Adjusted®
Preterm birth 186 (13.9) 641 (6.8) 220 (1.84-2.64) 245(1.91-3.13)
Small for gestational age 45 (3.4) 264 (2.8) 1.20 (0.86-1.67) 1.21(0.76-1.90)
Low 5-min Apgar score 6(1.3) 50(0.6) 2.27(1.29-4.02) 0.91(0.33-2.52)°

2 Adjusted for maternal comorbidity, maternal age at child birth, calendar year of child birth, maternal smoking status, parity, sex of the child, maternal BMI, maternal
use of biologic therapy, azathioprines, or 5-ASA 30 days prior to conception or during pregnancy

b Adjusted for maternal comorbidity, maternal age at child birth, calendar year of child birth, maternal smoking status, parity, sex of the child, preterm birth, maternal
BMI, and maternal use of biologic therapy, azathioprines, or 5-ASA 30 days prior to conception or during pregnancy

Table 4 Multivariable Cox proportional hazard regression model with crude and adjusted estimates and 95% confidence intervals (Cl)
and the hazard ratios for hospitalization with infection, and first time infection, in live born children exposed in utero to corticosteroids
(#2), relative to children not exposed in utero to corticosteroids

Live births after in utero Live births not exposed in Hazard ratios (95% Cl)

exposure to corticosteroids #2  utero to corticosteroids

N=1336 N=9371
Groups of child infections, 0-1 year N events Years at risk N events Years at risk Crude Adjusted?®
First infection (any kind) 193 12342 1406 8614.2 0.96 (0.82-1.11) 1.14 (0.94-1.39)
Respiratory m 12749 709 8972.8 1.10 (0.90-1.35) 1.18(0.91-1.54)
Gastrointestinal 31 13183 273 92124 0.79 (0.55-1.15) 1.04 (0.66-1.63)
Urological/gynecological 9 1325.6 61 9302.8 1.04 (0.52-2.06) 1.69 (0.73-3.92)
Skin/subcutaneous tissue - 13296 - 93333 - -
Bacteremia - 13280 17 9321.7 - -
Other infections 80 1293.1 633 9033.1 0.88(0.70-1.12) 1.23(0.93-1.64)

@ Adjusted for maternal comorbidity, maternal age at child birth, preterm birth, small for gestational age, calendar year of child birth, maternal smoking status, parity,
sex of the child, maternal BMI, maternal use of biologic therapy, azathioprines, or 5-ASA 30 days prior to conception or during pregnancy
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We found no statistically increased risk for the other
examined outcomes, i.e., small for gestational age, low
5-min Apgar score, major congenital malformations, and
hospital-diagnosed infections.

Although most women with IBD may conceive while
their IBD is in remission, disease activity and flares can
complicate up to 20% of all pregnancies in women with
Crohn’s disease and 35% in women with ulcerative coli-
tis [27]. Corticosteroids are frequently prescribed to
treat IBD flares during pregnancy [3]. In a Danish study
from 2016, Plauborg et al. found that 60% of women with
Crohn’s disease and 51% of women with ulcerative coli-
tis, had at least one prescription of corticosteroids dur-
ing the period of one year before conception to one year
post-partum [28]. Former studies have pointed towards
the importance of disease activity itself, and active
disease has been associated with an increased risk of
adverse pregnancy and birth outcomes such as preterm
birth [29-33]. In terms of measuring the effect of corti-
costeroids on birth and neonatal outcomes, it is difficult
to separate the effects of maternal active IBD from the
effects of corticosteroids. Active inflammation and use of
corticosteroids to treat IBD flares are intertwined, and it
is probably not possible to fully understand which factors
may have contributed to a particularly adverse outcome.
These challenges are not novel [12, 30, 34, 35]. A recent
US study based on data from the multicenter prospective
PIANO (Pregnancy in IBD Neonatal Outcomes) regis-
try on a total of 432 children exposed in utero to corti-
costeroids[12] had a similar study question. The study
examined the risk of congenital malformations, though
not using the EUROCAT classification, and adverse birth
outcomes such as preterm birth, small for gestational
age, and infections occurring in the first year of life. The
PIANO study limited the use of confounder adjustment
and was not based on unselected nationwide data.

Regarding in utero exposure to corticosteroids and
congenital malformations, first-trimester exposures to
corticosteroids have been thought to confer an increased
risk of orofacial clefts [5-7]. In a study from 2015, the
authors found an association between Crohn’s disease
and congenital malformations, with a relative risk of
1.85 (95% CI: 1.06—3.21), but no association with ulcera-
tive colitis [34]. Yet these estimates were not adjusted
for potential confounders such as maternal age and year
of birth. Our data suggested no statistically significant
increased risk with an adjusted HR of 1.28 (95% CI: 0.82—
2.00) for major congenital malformation in offspring
born to women with IBD treated with corticosteroids in
early pregnancy. Furthermore, our stratified analysis on
the IBD subtype did not alter these findings on major
congenital malformations, and our findings are similar to
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the PIANO study that also showed no increased risk of
congenital malformations 1.22 (95% CI: 0.80-1.87) [12].

Additionally, in women with Crohn’s disease, the
exposure to topical or systemic corticosteroids has been
examined according to various birth outcomes includ-
ing preterm birth, congenital abnormalities, and low
birth weight at term in 73 women with corticosteroids
prescribed during pregnancy. None of the risk estimates
provided were significant [11, 36]. Our study found a 2.5-
fold risk of preterm birth in women using corticosteroids
during pregnancy, which was also persistent in the strati-
fied analysis by IBD subtype. Odufalu et al. also revealed
a significantly increased risk of preterm birth with an
adjusted odds ratio of 1.79 (95% CI: 1.18-2.73) in the
PIANO study [12]. This was not confirmed in a recent
study (n=469) examining the risk of preterm birth by the
time of exposure. Exposure in the first half of gestation
provided an adjusted relative risk of 1.06 (95% CI: 0.59—
1.89) and exposure with corticosteroids in the second
half of gestation was not associated with an increased
risk of preterm birth and adjusted hazard ratio 2.13 (95%
CI: 0.99-4.59) [37]. We did not find an increased risk of
small for gestational age after in utero exposure to corti-
costeroids compared to children not exposed. This is in
accordance with previous literature [12]. Although such
outcomes may seem related, they can vary regardless of
the underlying mechanism. A child can be born at term
and be small for gestational age but it can also be born
preterm without being small for gestational age. There
can be a link between the two outcomes but not neces-
sarily. We were not able to address these aspects unam-
biguously in this register-based study [38].

An association between maternal IBD and low 5-min
Apgar score has been examined in prior studies. Boyd
et al. found an increased risk of a low 5-min Apgar
score in neonates born at term to women with IBD,
with a relative risk of 2.19 (95% CI: 1.03-4.66). This risk
was increased further in neonates born to women with
Crohn’s disease, relative risk 3.55 (95% CI: 1.45-8.67)
[34]. However, the authors were not able to consider cor-
ticosteroid use in the statistical analysis due to a limited
number of patients. These results are in contrast to a
study from Sweden and Denmark showing no increased
risk of low 5-min Apgar score in neonates born to women
with Crohn’s disease, compared to women without IBD.
This paper also did not consider steroid use during preg-
nancy [30]. Odufalu and colleagues found, that in utero
exposure to corticosteroids in late pregnancy was asso-
ciated with an increased risk of serious infections in the
offspring at 12 months, odds ratio 2.9 (95% CI: 1.2-6.8)
[12]. The study was based on self-reported data, and the
identified increased risk was related to serious infections
that required hospitalization and did not persist in the
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group of non-serious infections. In our study, we only
included hospital-diagnosed infections. The studies are
thus comparable regarding hospital admissions but the
study from Odufalu et al. did not report on the type of
infections using the ICD classification.

Corticosteroids may influence the development of the
immune system but it is reassuring that we did not detect
any statistically significant increased risk of infections
in corticosteroid-exposed infants in the first 12 months
after birth. Furthermore, we adjusted for preterm birth
which per se is associated with an increased risk of early-
life infections [39, 40].

This study has several strengths. Our nationwide cohort
study examines the largest number of exposed infants
to date with a unique opportunity for robust statistical
risk estimates. We were also able to control for some of
the most important confounders based on information
from the national health registries which are highly valid,
accurate, and complete [15]. We retrieved our outcomes
independently from the exposure status preventing dif-
ferential misclassification of the outcome measurement.
In addition, we were able to conduct a complete 1-year
follow-up on all children.

Our study also has limitations. In a study like this, it is
not possible to separate the distinct effect of corticoster-
oids from an effect of disease activity but this applies to
other studies in this area as well, as an indication for the
use of corticosteroids is closely related to disease severity.
These are well-known aspects and challenges in obser-
vational studies [12, 29, 35]. Whether disease flares may
independently be associated with preterm birth, small for
gestational age, low Apgar score, congenital malforma-
tions, and early-life infections directly, or through com-
mon causes such as smoking, maternal age, obesity, e.g.,
remains unanswered. Only live births were included in
the analyses, as complete information on congenital mal-
formations in stillbirths and late abortions was unavail-
able in the registries, which could have underestimated a
potential impact on the outcomes. We cannot draw firm
conclusions based on the small number of congenital
malformations in our study, and we were not able to pro-
vide statistical analysis on the different subtypes of con-
genital malformations due to the lack of power (please
refer to Additional file 1 Table S3). It is a limitation that
we did not have access to data on the dosage and dura-
tion of the used medication in terms of a potential tera-
togenic impact, and when the outcome of interest is
congenital malformations exposure with corticosteroids
may have an impact on the embryogenesis. We have
included available confounders but as in every observa-
tional study, we cannot rule out the presence of unknown
or unmeasured residual confounding. We do not know
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the underlying mechanisms for the increased risk of pre-
term birth, or whether the finding is causal or susceptible
for confounding. However, in general, the results for the
birth and child outcomes were robust across the models
adjusting for various confounders.

Conclusions

In conclusion, corticosteroid use at any time during preg-
nancy in women with IBD was associated with a 2.5-fold
increased risk of preterm birth. Corticosteroid use was
not statistically significantly associated with any over-
all risk of major congenital malformations, being small
for gestational age, having a low 5-min Apgar score, or
hospital-diagnosed infections in the first year of life. Our
study demonstrates and supports previous literature on
the finding of an increased risk of preterm birth. Future
studies in this area are warranted, especially studies that
examine the underlying mechanisms for preterm birth
but also other important outcomes such as neonatal
hypoglycemia, neonatal intensive care unit admission,
and extended postpartum hospitalization.

Abbreviation
IBD Inflammatory bowel disease
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