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Abstract

Objective: Prenatal exposure to excess cortisol can affect postnatal metabolic health by epigenetic mechanisms. We
aimed to investigate if prenatal exposure to pharmacological glucocorticoids increases the risk of overweight/obesity

in childhood.

Design: A nationwide population registry-based cohort study.

Methods: We identified 383 877 children born in Denmark (2007-2012), who underwent routine anthropometric
evaluation at 5-8 years of age. Prenatal exposure to glucocorticoids was divided into systemic and topical
glucocorticoids, cumulative systemic dose, and use by trimester. The comparison cohort included children without
exposure, born to maternal never-users. Negative control exposures were used to investigate confounding from

an underlying disease or unmeasured characteristics. Such exposures included children without glucocorticoid
exposure born to maternal users of non-steroidal anti-inflammatory drugs or immunotherapy during pregnancy,
maternal former users of glucocorticoids, or paternal users of glucocorticoids during the pregnancy of their partner.
We estimated sex-stratified adjusted prevalence ratios (aPR) of overweight/obesity at 5-8 years of age, as epigenetic

modifications have shown to be sex-specific.

Results: In the study, 21 246 (11%) boys and 27 851 (15%) girls were overweight/obese at 5-8 years of age. Overall,
neither systemic nor topical glucocorticoids were associated with overweight/obesity. In boys, high-dose systemic
glucocorticoids was associated with higher prevalence of overweight/obesity vs the comparison cohort (aPR: 1.41
(95% Cl: 1.07-1.86), prevalence: 16% vs 11%). Negative control exposures indicated robustness to confounding.
Conclusion: Overweight/obesity might be an adverse effect of prenatal exposure to high-dose systemic glucocorticoids
in boys. We found no association for neither prenatal exposure to lower doses of systemic nor topical glucocorticoids.

These results merit clinical attention.
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Introduction

Overweight and obesity atfect around 10-20% of children
in Western countries (www.who.int/dietphysicalactivity/
childhood/en/; Accessed August 6, 2021). Susceptibility
is determined by genetic, epigenetic, and environmental
risk factors (1). Evidence suggests that predisposition

may be founded in utero via epigenetic changes and fetal
programming (2). Consequently, it has been questioned
if prenatal exposure to excess endogenous cortisol or
synthetic glucocorticoids impacts obesity risk in an
obesogenic postnatal environment (2, 3, 4, 5, 6). Cortisol
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is a major determinant of fetal development, and
intrauterine bioactivity is tightly regulated by placental
113-hydroxysteroid dehydrogenase 2 (118-HSD2) (7).
Synthetic prednisolone is also a substrate for 11b-HSD2,
but enzymatic saturation after high-dose or long-term
treatment can lead to greater placental bypass. Further,
certain synthetic glucocorticoids are not substrates (7).
The prenatal glucocorticoid environment affects fetal
epigenetics and impacts postnatal physiology. Such effects
include changes in the sensitivity of the hypothalamic-
pituitary-adrenal (HPA) axis, decreased insulin sensitivity,
and alterations in adipocyte biology (4, 5, 8, 9, 10, 11,
12). Numerous human studies have shown that prenatal
exposure to excess cortisol (stress) modulates metabolic
health and increases obesity risk later in life with
observed odds ratios between 1.1 and 2.0 (2, 8, 9, 13, 14,
15, 16). Animal studies suggest similar effects for synthetic
glucocorticoids (10). Pharmacological glucocorticoid use
is prevalent in pregnant women with autoimmune or
inflammatory diseases, but whether such use increases
obesity risk in offspring remains unknown.

We conducted a nationwide population registry-
based cohort study to investigate if prenatal exposure
to pharmacological glucocorticoids was associated with
increased prevalence of overweight/obesity at 5-8 years of
age as well as BMI z-scores.

Subjects and methods

Setting

Denmark has approximately 65 000 births annually. The
Danish healthcare system provides tax-supported health
services to all residents, guaranteeing access to health care
free of charge (17). A unique identity number is assigned
to all Danish residents at birth or emigration. This number
is used in all health care contacts and is a key identifier
in all registries, which allows continuous population
surveillance and accurate and unambiguous linkage of
relevant registries at the individual level (18).

Study cohort

We identified all children born alive in Denmark
between January 1, 2007, and December 31, 2012, in the
Danish Medical Birth Register, who underwent routine
anthropometric evaluation at 5-8 years of age (at time
of enrollment in primary school), and registered in
the Danish National Children’s database (Fig. 1) (19).
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The Danish Medical Birth Register holds information on
all births in Denmark since 1973 collected by the midwife
or physician overseeing the delivery.
collected includes the personal identity numbers of the
infant, mother, and father, as well as information related
to the pregnancy, the delivery, and infant characteristics
(19). The Danish National Children’s database contains
data on anthropometric variables (e.g. height and weight)
of Danish school children from 2009 and onwards,
measured by school nurses at enrolment in primary
school, at check-ups, and at time of graduation from
primary school. The database is complete from 2012
and onwards.

Information

Exposure and comparison cohorts

Using the Danish National Prescription Registry and
the National Patient Registry, we defined prenatal
glucocorticoid  exposure as maternal redeemed
prescriptions for glucocorticoids or a maternal hospital
record of glucocorticoid treatment during pregnancy (20).
The onsetof pregnancy was defined as the first day of the last
menstrual period, using the gestational age of the child at
birth. We assessed both systemic and topical formulations,
but they were analyzed separately (Supplementary Table 1,
see section on supplementary materials given at the end
of this article). Since 1995, the Prescription Registry has
recorded pharmacy customers’ personal identity number,
the classification code of the dispensed medication (using
the Anatomical Therapeutic Chemical classification
system of the World Health Organization (WHO)), date
of dispensing, number of packages and tablets dispensed,
and tablet strength among others (20). The Prescription
Registry is considered complete and with valid information
on medications dispensed in community pharmacies, but
does not hold information on medications administered
to hospitalized patients. Few drugs used for in-hospital
treatment are recorded in the Patient Registry by procedure
codes, including antenatal treatment with betamethasone
for imminent preterm birth and other immunotherapies,
such as biological treatments for rheumatic or
inflammatory bowel disease (Supplementary Table 1) (21).
In-hospital glucocorticoid treatment, besides antenatal
betamethasone, is not captured in any Danish registry.
We defined exposure categories as follows:

- Children exposed any time during the pregnancy: if
the mother redeemed one or more prescriptions or
had a hospital record of glucocorticoid treatment any
time from the start of pregnancy until delivery.
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Figure 1

Study cohort. A full color version of this figure is available at https://doi.org/10.1530/EJE-21-0846.

This overall category was further divided according to
timing of systemic exposure into:

- Children exposed during the first trimester only:
if the mother redeemed one or more prescriptions
during the first 84 days of pregnancy, with no further
prescriptions or hospital records of glucocorticoid
treatment during the remainder of the pregnancy.

- Children exposed during the second trimester only: if
the mother redeemed one or more prescriptions or had
a hospital record of glucocorticoid treatment between
day 85 and day 196, and no further prescriptions or
hospital records during the remainder of the pregnancy.

- Children exposed during the third trimester only: if
the mother redeemed one or more prescriptions or had
a hospital record of glucocorticoid treatment between
day 197 and the delivery date, with no prescriptions
or hospital records during the first trimesters of the
pregnancy.

- Children exposed during multiple trimesters: if the
mother redeemed prescriptions or had a hospital
record in more than one trimester.

We further assessed the cumulative systemic glucocorticoid
dose expressed in prednisolone-equivalents (peq),
calculated as the total number of tablets/injections
dispensed during pregnancy multiplied by the strength
of the tablets/injections and the peq conversion
factor (Supplementary Table 2). This calculation led
to discrete values of cumulative systemic exposure
dose (Supplementary Table 3). Based on the exposure
distribution, we categorized cumulative peq dose as follows:
<250, 250-499, and >500 mg. High-dose glucocorticoid
exposure was defined as cumulative exposure peq dose
>500 mg.

The comparison cohort consisted of children without
prenatal exposure born to maternal never-users of
glucocorticoids.
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Negative control exposure cohorts

We established four negative control exposure cohorts of
children without prenatal exposure to glucocorticoids
defined as following:

- Childrenwithout prenatal glucocorticoid exposure but
with prenatal non-steroidal anti-inflammatory drugs
(NSAID) or immunotherapy exposure: if the mother
redeemed at least one prescription for these agents or
was treated in hospital settings with these agents any
time during pregnancy and had no glucocorticoid use
during pregnancy.

Children without prenatal glucocorticoid exposure born
to maternal former users divided into:

- Children whose mothers used glucocorticoids >6-24
months before pregnancy: the mother redeemed her
most recent prescription 6-24 months before the start
of pregnancy and had no prescriptions or hospital
records from 6 months before the start of pregnancy
until delivery.

- Children whose mothers used glucocorticoids >24
months before pregnancy: the mother redeemed her
most recent prescription >24 months before the start
of pregnancy and had no prescriptions or hospital
records from 24 months before the start of pregnancy
until delivery.

Due to uncertainty of exposure status, children whose
mothers used glucocorticoids 0-6 months before
pregnancy were not included in the analyses. The
oocyte may have been exposed to glucocorticoids in the
periconceptional critical window of development, and it is
further ambiguous if the mothers used glucocorticoids at
the beginning of the pregnancy or not.

- Children without prenatal glucocorticoid exposure but
with prenatal paternal use of systemic glucocorticoids:
if the father redeemed one or more prescriptions for
systemic glucocorticoids during the pregnancy of
his partner, but never before the start of pregnancy
(i.e. only new users). The ‘new use’ criteria were
applied to ensure that these children served solely as a
negative control exposure cohort since some evidence
suggests that fetal glucocorticoid programming
may be transmitted via paternal germline lineages
(22). The paternal negative control exposure cohort
aimed to identify potential genetic or family-related
confounding.

Glucocorticoid prenatal 186:4 432

exposure

The purpose of the negative control cohorts was to
investigate potential confounding from factors such
as underlying disease, underlying disease severity, or
unmeasured characteristics in the main analysis (assessing
the exposure and comparison cohorts). For example,
maternal glucocorticoid users during pregnancy, maternal
former users of glucocorticoids, and maternal users of
NSAIDs or immunotherapy during pregnancy may share
common traits, such as treatment indication. We expected
no causal associations when comparing the negative
control exposure cohorts vs the comparison cohort. Hence,
findings of an association would indicate confounding in
our main analysis.

BMI, overweight, and obesity

We used the Danish National Children’s Database to
obtain data on height and weight of children in our study
cohort at 5-8 years of age. BMI was calculated by dividing
an individual’s weight in kilograms by the square of height
in meters. The Extended International (IOTF) BMI cut-offs
were used to define overweight or obesity (BMI > IOTEF-
25) (www.worldobesity.org/about/about-obesity/obesity-
classification; Accessed August 6, 2021) (23). The WHO
2007 reference data and macro were used to obtain BMI
z-scores (www.who.int/toolkits/growth-reference-data-for-
5to19-years/application-tools; Accessed August 6 2021).

Descriptive characteristics and covariates

For descriptive purposes only (i.e. not confounding
control), we assessed the following delivery and birth
characteristics, as captured in the Danish Medical Birth
Registry: sex of the child, birth order (1 and >2), gestational
age (<28, 28-31, 32-36, and >37 weeks), birth weight, small
for gestational age, Apgar score after 5 min (<7 and 7-10),
and cesarean section status.

We used directed acyclic graphs (DAGs) to identify
confounding based on a priori knowledge (Supplementary
Fig. 1). Potential confounding variables included
maternal age at birth, maternal BMI at start of pregnancy,
smoking (yes/no), potential
(obstructive pulmonary disease including asthma or
chronic obstructive pulmonary disease, inflammatory
bowel disease, rtheumatic disease, renal disease, and skin
disease), maternal comorbidities such as maternal type I
or II diabetes, polycystic ovarian syndrome, psychiatric
illnesses, and infections or antibiotic use during pregnancy.

treatment indications
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Treatment indications were identified based on hospital
records (in- and outpatient). As a measure of disease
severity, we assessed the number of hospital contacts for
each treatment indication within 2 years before birth
(0, 1-4, and >4). Comorbidities were detected by either
relevant drug prescribing or hospital records (in- and
outpatient) (Supplementary Table 4). The highest maternal
educational level at the birth of the child was obtained
from the Danish social and demographic registries. The
highest educational level was classified as low (primary and
lower secondary education), medium (upper secondary
education or professional degree), and high (university
education at the bachelor’s degree level or higher).

Statistical analysis

We described the study cohort according to exposure
status, birth characteristics, and maternal characteristics.
As fetal programming may be sex-dependent (4, 13, 24), we
stratified all analyses by sex.

Table 1 Prenatal exposure. Data are presented as n (%).

Glucocorticoid prenatal 186:4 433
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We reported the prevalence of overweight or obesity
(combined) according to prenatal exposure status. Using
robust Poisson regression with generalized estimating
equations (family Poisson and link as log), we estimated
crude and adjusted prevalence ratios (aPRs), comparing
the exposure cohort with the comparison cohort. We
further examined the associations by trimester and
cumulative systemic glucocorticoid dose. Likewise, the
negative control exposure cohorts were compared with
the comparison cohort. Due to few outcomes, we were
unable to assess overweight and obesity as two separate
outcomes. We calculated BMI z-scores using the WHO
2007 reference data and macro and verified that these
were normally distributed. We estimated crude and
adjusted differences in mean BMI z-scores, comparing
the exposure cohort with the comparison cohort, using
generalized estimating equations with robust standard
errors (family gauss and link as identity). Again, we
computed mean differences by trimester and cumulative
systemic glucocorticoid dose. The adjusted models were

Exposure All children Boys Girls
All 383877 (100) 195 689 (100) 188 188 (100)
Exposed to systemic glucocorticoids 3883 (1.0) 2011 (1.0) 1872 (1.0)
Timing of exposure
First trimester only 1179 (0.3) 601 (0.3) 578 (0.3)
Second trimester only 638 (0.2) 341 (0.2) 287 (0.2)
Third trimester only 1709 (0.5) 884 (0.5) 825 (0.4)
Multiple-trimester exposure 357 (0.09) 185 (0.09) 172 (0.09)
Generic systemic glucocorticoid type
Prednisolone only 1498 (0.4) 778 (0.4) 720 (0.4)
Prednisone only (0.07) 132 (0.07) 141 (0.07)
Methylprednisolone only 149 (0.04) 75 (0.04) 74 (0.04)
Betamethasone only 1842 (0.5) 986 (0.5) 874 (0.5)
Dexamethasone only 0 0 0
Hydrocortisone only 42 (0.01) 18 (0.01) 24(0.01)
Triamcinolone only NA NA NA
Multiple types 68 (0.02) 35(0.02) 33(0.02)

Cumulative systemic glucocorticoid dose in
prednisolone-equivalents?, median (IQR)

200 mg (200-500 mg)

200 mg (200-500 mg) 200 mg (200-500 mg)

High-dose systemic exposure (>500 mg peq) 593 (0.2) 309 (0.2) 284 (0.2)

Exposed to topical glucocorticoids only 43131 (11) 22261 (11) 20970(11)

Former maternal systemic use (<6 months since most 3393 (0.9) 1727 (0.9) 1666 (0.9)
recent prescription)®

Former maternal systemic use (6-24 months since most 6931 (1.8) 3500 (1.8) 3431 (1.8)
recent prescription)

Former maternal systemic use (>24 months since most 25941 (6.8) 13178 (6.7) 12763 (6.8)
recent prescription)

Maternal use of NSAIDs or immunotherapy 713 (0.2) 367 (0.2) 346 (0.2)
during pregnancy

Paternal systemic glucocorticoid use 6500 (1.7) 3318(1.7) 3182 (1.7)

aThe cumulative systemic glucocorticoid dose in prednisolone-equivalents was calculated by multiplying the number of pills/injections, dose per pill/injection,
and prednisolone conversion factor for the cumulative prescriptions during pregnancy. °Not included in the analyses due to uncertainty in exposure status.
IQR, interquartile range. NA, not applicable due to data legislation. NSAIDs, non-steroidal anti-inflammatory drugs.
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adjusted for confounding factors as described above
(Supplementary Fig. 1).

In a supplemental analysis, we investigated the
association between maternal characteristics and
glucocorticoid exposure as well as offspring overweight/
obesity. Further, to account for unmeasurable in-hospital
glucocorticoid treatment, we conducted a sensitivity
analysis and excluded mothers with potential in-hospital
treatment during pregnancy. These mothers were defined
as being hospitalized with a glucocorticoid treatment
indication during pregnancy (Supplementary Table 4).

Statistical analyses were conducted using Stata
version 16.

Results

Study cohort

We identified 442 278 children born alive in Denmark
between 2007 and 2012. Of these, 383 877 (87%)
underwent routine anthropometric evaluation at 5-8 years
of age (Fig. 1). Children with and without anthropometric
evaluation did not differ with regard to exposure frequency
(Supplementary Table 5). In our study cohort, 3883 (1.0%)
were prenatally exposed to systemic glucocorticoids
(median cumulative dose 200 mg peq), and 43 131 (11%)
were prenatally exposed to topical glucocorticoids only
(Table 1). The most frequent hospital-based treatment
indications were asthma (11%), inflammatory bowel
disease (6.4%), and rheumatic disease (6.0%). The negative
control exposure cohorts consisted of children without
glucocorticoid exposure, of whom 32 872 (8.6%) were
born to maternal former users of systemic glucocorticoids,
713 (0.2%) were born to maternal users of NSAIDs or
immunotherapies during pregnancy, and 6500 (1.7%) were
born to paternal users of systemic glucocorticoids (Fig. 1).

Characteristics

Children prenatally exposed to systemic glucocorticoids
were more likely to be small for gestational age at birth
(14%) vs children in the comparison cohort (9.5%) or
negative control exposure cohorts (8.4-9.4%). Likewise,
prenatally exposed children were less likely to be born at
term (59% vs 93% in the comparison cohort and 91-94%
in the negative control exposure cohorts) (Table 2).
Maternal BMIwas similar in all cohorts (median 23-24)
(Table 2). Infections/use of antibiotics during pregnancy
(32-41% vs 29%) as well as psychiatric disease (28-37% vs

Glucocorticoid prenatal 186:4 436

exposure

24%) were more frequent among both maternal systemic
glucocorticoid users and among mothers in the negative
control exposure cohorts compared to maternal never-
users. Further, the frequency of diabetes was higher among
maternal systemic glucocorticoid users (11%) compared
to all other cohorts (5.3-7.3%) (Table 2). The associations
shown in Supplementary 6 confirmed our predefined
confounding (Supplementary Fig. 1). Almost all selected
covariates, including maternal age, educational level,
BMI, smoking status, and comorbidities, were associated
with overweight/obesity in the child as well as prenatal
glucocorticoid exposure. The strongest predictors of
overweight/obesity in the child were maternal BMI,
diabetes, and antipsychotic drug use.

Overweight/obesity

A total of 21 246 (11%) boys and 27 851 (15%) girls were
overweight/obese at 5-8 years of age. Overall, neither
systemic nor topical glucocorticoids were associated with
overweight/obesity in childhood (Figs 2 and 3). In boys,
prenatal exposure to high-dose systemic glucocorticoids
was associated with higher prevalence of overweight/
obesity vs the comparison cohort at age 5-8 years (aPR
1.41 (95% CI: 1.07-1.86), prevalence 16% vs 11%) (Fig. 2).
Difference in mean BMI z-scores was 0.12 (95% CI: 0.0061-
0.25) for high-dose systemic exposure vs the comparison
cohort (Fig. 2). We observed rather imprecise estimates for
trimester exposure but found the strongest association for
second trimester exposure (Fig. 2). No association between
glucocorticoid exposure and overweight/obesity was
observed in girls across either measures (Fig. 3). All negative
control exposure analyses yielded null associations (Figs 2
and 3). Further, when we excluded women with potential
unmeasured in-hospital  glucocorticoid treatment
during pregnancy, the results were almost unchanged
(Supplementary Table 7).

Discussion

In boys, prenatal exposure to cumulative high-dose
systemic glucocorticoids was associated with a 1.4-fold
increased prevalence of overweight or obesity at 5-8 years
of age compared to children without exposure. We found
no association for neither prenatal exposure to lower doses
of systemic nor topical glucocorticoids.

Our study was conducted in a universal free tax-
supported healthcare system and nationwide coverage
of registries and databases enabled us to assess BMI in a
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Glucocorticoid prenatal
exposure

Prevalence (%) of Crude PR (95% CI)
overweight/obesity
Exposure
Comparison cohort 1 Ref
Prenatal exposure to systemic GC 11 0.98 (0.84-1.09)

Cumulative dose

<250 mg 9.0 0.85 (0.72-1.01)
250-499 mg 10 0.92 (0.66-1.28)
>= 500 mg 16 1.46 (1.13-1.89)
Timing
1. trimester only 10 0.95 (0.75-1.20)
2. trimester only 16 1.49 (1.08-2.04)
3. trimester only 9.0 0.80 (0.64-1.03)
Multiple trimester exposure 17 1.55 (1.12-2.14)
Exposure to topical GCs only 11 1.02 (0.98-1.07)

Negative control exposure analyses

Maternal use of NSAIDs or immunotherapy 13 1.23 (0.95-1.60)

Maternal former use

> 6-24 months before pregnancy 12 1.11 (0.98-1.22)

>24 months before pregnancy 1 1.00 (0.95-1.06)

Paternal use of systemic GC 12 1.08 (0.98-1.19)
Figure 2

Adjusted PR (95%) Mean difference in

BMI z-score (95% ClI)

Ref Ref
0.94 (0.80-1.05) —- -0.12 (-0.18-0.011)
0.87 (0.68-1.02) —a— -0.21 (-0.27-0.012)
0.89 (0.64-1.23) — -0.018 (-0.14-0.11)
1.41 (1.07-1.86) —_—l— 0.12 (0.0061-0.25)
0.88 (0.69-1.14) —— -0.045 (-0.13-0.044)
1.31 (1.01-1.81) —— 0.14 (0.001-0.31)
0.80 (0.62-1.01) —— -0.20 (-0.28-0.021)
1.55 (1.12-2.15) _— 0.10 (-0.072-0.28)
0.99 (0.95-1.03) L 0.0037 (-0.011-0.019)
1.10 (0.86-1.51) —— 0.055 (-0.056-0.17)
1.00 (0.91-1.10) =i -0.024 (-0.061-0.012)
0.96 (0.91-1.02) - 0.016 (-0.0040-0.035)
1.05 (0.95-1.16) —i— 0.0034 (-0.035-0.42)
0.5 1.0 1.5 2.0

The association between prenatal exposure to glucocorticoids and the prevalence of overweight or obesity and BMI z-scores in
195 689 boys at 5-8 years of age. Adjusted for maternal age at birth (restricted cubic spline with three knots), maternal BMI at
start of pregnancy (restricted cubic spline with three knots), smoking (yes/no), treatment indications, number of hospital contacts
with treatment indications within 2 years prior to birth, maternal type |, Il, or gestational diabetes, polycystic ovarian syndrome,
psychiatric ilinesses, and infections or antibiotic use during pregnancy. GC, glucocorticoids; NSAIDs, non-steroidal anti-
inflammatory drugs; PR, prevalence ratio. A full color version of this figure is available at https://doi.org/10.1530/EJE-21-0846.

large proportion of Danish children (17). Around 13% of
eligible children did not have a routine anthropometric
evaluation at 5-8 years of age. Children with and without
anthropometric evaluation did not differ in terms of
exposure frequency, hence selection bias is unlikely to
explain our findings. As a proxy for maternal glucocorticoid
use, we used prescription redemption. The Prescription
Registry is considered complete for medications dispensed
in community pharmacies but does not hold information
on in-hospital medication wuse (20). In-hospital
glucocorticoid treatment, besides antenatal treatment
with betamethasone for imminent preterm birth, is not
captured in the Danish registries. A small proportion
of maternal glucocorticoid users could therefore have
been misclassified as Further,
may have been misclassified as users if they redeemed
a prescription but did not adhere to the treatment.
Exposure misclassification was likely independent of

non-users. non-users

the outcome and thus non-differential. Non-differential
misclassification might lead to bias toward the null for
our binary comparisons (e.g. any systemic glucocorticoid
use vs the comparison cohort) and thus attenuate the
prevalence ratios, but bias in an unpredictable direction
for our non-binary comparisons (such as the dose-response
analyses). We controlled for measured confounding,
including treatment indications, comorbidity, educational
level, and lifestyle (BMI, smoking). Further, our negative
control exposure analyses confirmed the robustness
of our findings in the context of shared confounding
between the cohorts, such as maternal underlying
disease, or other shared characteristics. The paternal
negative control exposure cohort showed null results,
indicating robustness to potential genetic or family-related
confounding. Still, residual confounding from morbidity,
lifestyle, or genetics cannot be entirely ruled out. We did
not include information on breastfeeding of the baby
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Prevalence (%) of Crude PR (95% CI)

overweight/obesity

Exposure
Comparison cohort 15 Ref
Prenatal exposure to systemic GC 14 0.92 (0.82-1.03)

Cumulative dose

<250 mg 13 0.91(0.79-1.05)
250-499 mg 15 1.01(0.77-1.32)
>= 500 mg 13 0.87 (0.65-1.18)
Timing
1. trimester only 17 1.15 (0.96-1.39)
2. trimester only 13 0.91 (0.69-1.22)
3. trimester only 11 0.76 (0.62-1.03)
Multiple trimester exposure 13 0.87 (0.57-1.30)
Exposure to topical GCs only 16 1.07 (0.99-1.11)

Negative control exposure analyses

Maternal use of NSAIDs or immunotherapy 16 1.09 (0.86-1.40)

Maternal former use

> 6-24 months before pregnancy 17 1.14 (1.06-1.24)

>24 months before pregnancy 15 1.00 (0.96-1.05)

Paternal use of systemic GC 15 1.04 (0.96-1.13)
Figure 3

Glucocorticoid prenatal 186:4 438

exposure

Mean difference in
BMI z-scores (95% Cl)

Adjusted PR (95% )

Ref Ref

0.94 (0.84-1.06) —- -0.087 (-0.13-0.039)

0.93 (0.80-1.07) —.— -0.12 (-0.18-0.0016)
1.08 (0.83-1.41) —- -0.029 (-0.13-0.081)
0.88 (0.65-1.21) —_— 0.016 (-0.10-0.14)
1.17 (0.98-1.40) —— 0.054 (-0.028-0.14)
0.85 (0.63-1.16) —. -0.22 (-0.35-0.0081)
0.83 (0.68-1.01) ——=——— -0.15 (-0.23-0.0019)
0.85 (0.55-1.26) ~———@—— -0.025 (-0.17-0.12)
1.05 (0.99-1.08) = 0.028 (-0.0014-0.042)
1.03 (0.81-1.32) — 0.0070 (-0.096-0.11)
1.05 (0.99-1.14) -— 0.011 (-0.024-0.045)
0.96 (0.92-1.01) - -0.018 (-0.037-0.000)
1.03 (0.95-1.12) - 0.0050 (-0.031-0.041)
05 1.0 15 2.0

The association between prenatal exposure to glucocorticoids and the prevalence of overweight or obesity and BMI z-scores in
188 188 girls at 5-8 years of age. Adjusted for maternal age at birth (restricted cubic spline with three knots), maternal BMI at start
of pregnancy (restricted cubic spline with three knots), smoking (yes/no), treatment indications, number of hospital contacts with
treatment indications within two years prior to birth, maternal type I, Il, or gestational diabetes, polycystic ovarian syndrome,
psychiatric illnesses, and infections or antibiotic use during pregnancy. GC, glucocorticoids; NSAIDs, non-steroidal anti-
inflammatory drugs; PR, prevalence ratio. A full colour version of this figure is available at https://doi.org/10.1530/EJE-21-0846.

or postnatal lifestyle. A former study, however, showed
that diet and physical activity did not differ substantially
between glucocorticoid users and non-users in women of
reproductive age (25).

Mechanisms that underlie programming by prenatal
excess glucocorticoid exposure include epigenetic changes,
notably affecting the tissue-specific expression of the
glucocorticoid receptor. This may permanently alter tissue
glucocorticoid signaling and the sensitivity of the HPA axis
to increased basal and stress-induced cortisol levels (4, 5,
8, 9, 10), diminished pancreatic beta-cell mass, decreased
insulin sensitivity, and change in adipocyte biology (26).
Further, some of the effects may be mediated through
intrauterine growth restriction, which is a predictor of
metabolic disease later in life (the Barker hypothesis) (2,
3, 27, 28) in accordance with which we observed a higher
prevalence of small for gestational age in prenatally
exposed children. Further, glucocorticoid treatment

may induce hyperglycemia, which is associated with an
increased risk of obesity in the offspring (29). Mediation
analysis (e.g. small for gestational age or hyperglycemia)
was out of the scope of this study and also not possible
due to sparse data, but may be of interest for future
studies. We observed an association in boys but not girls.
Differences in vulnerability to glucocorticoid-induced fetal
programming between sexes have been described earlier
(4, 13, 24). The mechanism behind such difference is not
fully understood but may be due to sex-specific placental
responsivity (24). We observed rather imprecise estimates
for trimester exposure but found the strongest association
for second-trimester exposure, which aligns with a recent
study, showing that overweight in offspring was associated
with higher maternal saliva cortisol levels during the
second trimester of pregnancy (9).

The implications of this study largely affect pregnant
women with autoimmune or inflammatory diseases, for
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which clinicians may consider glucocorticoid-sparring
strategies as an alternative. However, risks should be
weighed against benefits, as an inadequately treated
maternal disease may also affect both mother and fetus.
Neither prenatal exposure to lower doses of systemic nor
topical glucocorticoids was associated with overweight/
obesity in childhood. Yet, overweight and obesity are
potential adverse effects of prenatal exposure to high-dose
systemic glucocorticoids in boys. Future research needs
to elucidate causality and potential mechanism for our
findings.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
EJE-21-0846.
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