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Context: Dexamethasone (DEX) is used to prevent virilization in female fetuses at risk of congenital
adrenal hyperplasia (CAH). Given that treatment has to be started before the genotype is known,
7 out of 8 fetuses will be exposed to DEX without benefit.

Objective: To evaluate long-term cognitive effects of prenatal DEX therapy in healthy (non-CAH)
DEX-treated children.

Design and Setting: Observational study with patient and control groups from a single research
institute.

Participants: Healthy (non-CAH) DEX-treated subjects (n = 34) and untreated population controls
(n = 66) from Sweden, aged 7-17 years.

Intervention: DEX-treatment used in unborn children at risk of CAH, during first trimester of fetal
life.

Main Outcome Measures: Standardized neuropsychological tests and questionnaires were used.

Results: DEX treatment has widespread negative effects in girls. In Wechsler Intelligence Scales for
Children-lll scale subtests, we observed significant interactions between DEX and GENDER (coding,
P = .044; block design, P = .013; vocabulary, P = .025) and a trend for the subtest digit span (P =
.074). All interactions were driven by DEX effects in girls, but not boys, with DEX-treated females
showing lower scores than female untreated controls (coding, P = .068, d = 0.66; block design, P =
.021, d = 0.81; vocabulary, P = .014, d = 0.84; digit span, P = .001, d = 1.0). Likewise, DEX-treated
girls tend to have poorer visual spatial working memory performance than controls (span board
test forward: P = .065, d = .80). We observed no effects on long-term memory, handedness, speed
of processing, nor self-perceived or parentally reported scholastic performance.

Conclusions: Early prenatal DEX exposure affects cognitive functions in healthy girls, ie, children
who do not benefit from the treatment. It can therefore not be considered safe to use this therapy
in the context of CAH. (J Clin Endocrinol Metab 101: 3838-3846, 2016)

ongenital adrenal hyperplasia (CAH) is one of the
most common causes of ambiguous genitalia in fe-
males. Affected individuals have mutations in one of the
genes that code for enzymes needed for cortisol synthesis
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in the adrenal cortex. In over 90% of the cases, the defi-
cient enzyme is 21-hydroxylase encoded by the 21-hy-
droxylase gene (CYP21A2, 6p21.3). The reduced produc-
tion of cortisol and aldosterone in the classic form of
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21-hydroxylase deficiency results in excess levels of adre-
nal androgens which virilize the female fetus already in
utero. Genital plastic surgery may therefore be needed in
the more severe cases.

In order to prevent virilization, physicians all over the
world, have offered, for more than 30 years now, the syn-
thetic glucocorticoid (GC) dexamethasone (DEX) to preg-
nant mothers at risk of having a child with classic CAH.
DEX passes through the placenta and decreases fetal
ACTH production thereby suppressing the fetal produc-
tion of androgens. The treatment has been shown to be
effective if administered from early pregnancy (gestational
week 7), resulting in a mean Prader score of 2 compared
with a score of 4—5 in untreated cases (1-3). Due to the fact
that treatment has to be started before the genotype of the
fetus is known, 7 out of 8 treated fetuses will be subjected
to high doses of DEX during early embryogenesis without
any benefit. Even with early fetal sex typing using cell-free
fetal DNA from maternal blood, unnecessary treatment in
healthy girls (ie, not affected by CAH) during the first
trimester of pregnancy cannot be avoided (4). This di-
lemma emphasizes the importance of risk-benefit assess-
ments of antenatal therapy in the context of CAH.

In our effort to systematically evaluate the short- and
long-term effects of prenatal DEX therapy in the context
of CAH, we have investigated the somatic effects of DEX
therapy and cognitive and behavioral functions in DEX-
treated children at risk of CAH in Sweden. In previous
reports, we found a significant negative effect on short-
term memory/verbal working memory in healthy children
treated during the first trimester of fetal life, but long-term
memory and learning as well as full-scale 1Q, were com-
parable with untreated controls (5). DEX-exposed chil-
dren were not born preterm and were not significantly
small for gestational age. No major long-lasting somatic
effects were seen in the treated women, although 1 out of
4 short-term and all full-term-treated mothers experi-
enced acute glucocorticoid-related side effects during
treatment (6).

In a Polish cohort of DEX-treated girls (16 CAH; 9
CAH-DEX; 8 healthy-DEX; mean age, 12 y), healthy-
DEX girls (treated short term) showed poorer results on
visual perception and visual memory tasks than treated
CAH girls (full term) and performed at the same level as
CAH girls not exposed to DEX in utero (7). A limitation
of this study is that it lacked a control group of healthy
individuals. In an American cohort of 67 DEX-treated
children (of which 51 were healthy short-term treated), no
significant effects of DEX were observed when assessing
working memory in the short-term treated group, whereas
long-term-treated CAH girls (n = 8) had poorer mental
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processing/short-term memory than non-DEX CAH girls
(n = 15) (8).

Children at risk of premature birth and respiratory dis-
tress syndrome who are treated prenatally with beta-
methasone or DEX have reduced early neonatal mortality
and morbidity (9). In a recent metaanalysis, at follow-up,
GC-treated preterm infants showed less cerebral palsy,
severe disability and less of a psychomotor development
index below 70 compared with untreated infants (9).
However, in a follow-up study examining brain structures
with magnetic resonance imaging at the age of 6-10 years,
betamethasone-exposed children (born at term) had an
8% thinner rostral anterior cingulate cortex, an area im-
portant for emotional regulation, compared with children
born at term and not exposed to GC (10). In addition, a
thinner left rostral anterior cingulate cortex was associ-
ated with a risk for affective problems regardless of GC
exposure (10). Recently, it was also shown that DEX given
postnatally to extremely preterm babies resulted in smaller
brain volumes at 18 years of age compared with children
born preterm without receiving DEX therapy (11).

It is not yet fully understood how fetal brain develop-
ment is affected by GCs. GCs influence neural function via
a number of neurotransmitter systems important for at-
tention, perception, and memory. Normal neurogenesis is
dependent on GC action, because GCs promote terminal
maturation, remodeling of axons and dendrites, and affect
cell survival (12).
whereby GCs modulate memory are yet to be defined, but
epigenetic mechanisms, such as DNA methylation, are in-
volved in memory formation. The interplay between the
hippocampus and neocortex and the transient activity de-
pendent DNA methylation and demethylation within the
hippocampus precede the stable, long-lived alterations in
double-stranded DNA methylation and neocortical plas-
ticity that lead to cortical consolidation (13).

There are numerous animal studies that show both
structural and functional effects on the brain after pre-
natal GC exposure (14, 15). The GC receptor (GR) is
widely distributed within the brain, whereas the min-
eralocorticoid receptor (MR) is mainly located in the
limbic structures. Neurons within the amygdala, hip-
pocampus, and the prefrontal cortex coexpress both
MR and GR at high levels (16-18), and these areas are
important for executive functioning, emotional regula-
tion, and memory. The hippocampus, important for
learning, memory consolidation, and long-term mem-
ory, is vulnerable to high doses of GC. Reduction of the
hippocampal volume has been identified in rodents and
primates exposed to prenatal DEX, which has also been
related to degeneration of neural progenitor cells in the
hippocampus. Moreover, DEX affects spatial learning

The exact molecular mechanisms
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and short-term memory (19-22). Other studies have
shown effects on motor, affective, and cognitive behav-
iors in primates, as well as lower expression of genes
important for synaptic plasticity (23, 24), a key mech-
anism for memory consolidation and storage into long-
term memory (13). However, in the 2-year-old common
marmoset exposed to prenatal DEX, the volume of the
dentate granule cell layer in the hippocampus as well as
neuronal proliferation and differentiation was not al-
tered (25). Given to pregnant mice, DEX leads to de-
creased blood vessel density and blood brain barrier
integrity within the paraventricular nucleus of the hy-
pothalamus in the off-spring (26). This may be one
mechanism for altered function of neuroendocrine neu-
rons and subsequent long-term behavioral and physio-
logical consequences observed after excessive GC dur-
ing prenatal development.

The underlying neurobiological origin for selective
effects on working memory in humans, but not on long-
term memory, is not known, but working memory
seems to be a vulnerable function that is disturbed not
only in the setting of prenatal GC treatment but also in
postnatal hypercortisolism. Patients with Cushing’s
syndrome have impairments of attention, nonverbal
memory, and verbal working memory at diagnosis, and
several years after surgery, they still exhibit deficits in
short-term memory (27). In a recent report assessing
short-term memory in children with CAH (7-11 y), the
authors conclude that the impairment of short-term
memory/working memory observed in CAH children is
most probably due to effects of GC excess or early salt-
wasting crises (28).

The present study comprises all Swedish children, age
7-17 years, subjected to prenatal therapy with DEX
(during 1984-2010) during the first trimester of fetal
life and at risk of CAH. The purpose of the investigation
was to assess the long-term impact of fetal GC exposure
on cognition during childhood and adolescence. We hy-
pothesized that early prenatal GC treatment would af-
fect cognitive functions. We present data on cognitive
functions and scholastic performance of children not
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having CAH, meaning the children that do not benefit
at all from antenatal DEX treatment.

Materials and Methods

Subjects

Since 1984, in 77 pregnancies in Sweden DEX, therapy was
used to avoid virilization in female fetuses with CAH. Four moth-
ers were treated twice. Four of the pregnancies resulted in mis-
carriages or termination, which gives a total of 73 cases who have
received prenatal DEX treatment. The mothers were treated with
DEX at a dose of 20 pg/kg - d from gestational week 6.1 (SD,
0.93) and treatment was terminated in gestational week 13.0
(SD, 2.1).

In this report, we present the neurocognitive outcome for an
extended cohort consisting of all children aged 7-17 years at risk
of, but not having, CAH and who were treated with DEX during
the first trimester of fetal life during the period of 1984-2010 (ie,
short-term DEX without CAH). The first 40 women and fetuses
(out of which 27 were short-term treated fetuses without CAH)
were treated before 1997, and the follow-up of these children
was presented in our first reports on neurocognitive outcomes (3,
29, 30). The rest of the cases in the current extended study were
treated after 1997 (n = 33, out of which 30 did not have CAH
and were treated short term).

We were not able to reach 6 DEX-treated mothers (7 treated
pregnancies) in this extended study. In addition, 1 family de-
clined participation and 1 child had died in an accident before 7
years of age. The participation rate was 65% among the DEX-
treated subjects and 55% for controls. The reason for refusal
among controls is not known, but the length of the neuropsy-
chological assessment (2 h) and the fact that the evaluation also
included other analyses, such as blood sampling, could be factors
of importance. The socioeconomic background of the controls
who did not respond to the invitation letter was not studied. For
a detailed description of the study group in our first evaluation
of the DEX cohort, see Hirvikoski et al (5).

In total, 100 subjects (34 DEX-treated subjects [DEX], 16
females and 18 males; 66 population controls [C], 36 females and
30 males) were assessed between the ages of 7 and 17 years
(average test age, 10.5 y; SD, 2.6 y). The groups did not differ in
terms of age, birth weight and length, gestational age, or parental
education (Table 1).

Table 1. Demographic Data
DEX (f) c DEX (m) C (m) P (DEX) P (GENDER) P (DEX x GENDER)

N 16 36 18 30

Age (y) (SD) 9.69(2.50) 10.71(2.79) 10.45(3.04) 10.61(2.17) Fiog=1.12,P =294 F, g5 =035P= 556 F,qc=0.59, P = 446
% Parental higher education®  45% 47% 65% 23% Fisa=230,P=.135 F 53=003P=858 F g =269 P=.107
Birth length (cm) (SD) 503(2.6) 49.4(3.3)  504(Q20)  49.9(28)  Frg;=127,P= 262 F, g =027,P=.606 F, g =007, P=.787
Birth weight (g) (SD) 3479 (457) 3327 (687) 3618(466) 3486 (730)  Fyg,=1.00,P=.320 F g =1.11,P=.295 F g, =000,P =944
Gestational week (SD) 405(14) 385(33) 397(1.3)  394(28  F,,,=3.26P=075 F,,,=000,P=0983 F,=171P=.19%

Group averages (=SDs) for age, parental education, and birth data by treatment and gender groups. DEX, DEX-treated subjects; C, untreated

controls; m, male; f, female.

@ Education at college level.

202 14dY g uo 1senb Aq zG6+9/2/8€8€/01/1.01/3101ME/Wdd[/wod dno-olwapese//:sdyy woy papeojumoq



doi: 10.1210/jc.2016-1543

Procedures

Since 1999, physicians in Sweden have only offered DEX
treatment as part of a clinical study, PREDEX. The purpose has
been to evaluate the efficacy of the treatment and the short- and
long-term safety for both mothers and children. The children
have been followed until adulthood with behavioral, cognitive,
and physiological testing. Owing to results from our previous
studies, no treatment has been initiated since 2010 in Sweden.

All families were initially contacted with an invitational letter.
The participants received 50 euros for their participation in the
neuropsychological assessment plus reimbursement of travel ex-
penses. The population controls were identified through the
Swedish population registry. They were randomly selected from
the population in Stockholm and were matched for gender and
age. All children were evaluated by trained psychologists using
standardized and normed neuropsychological tests. The entire
test time was approximately 2 hours. All parents gave their writ-
ten informed consent and the study was approved by the Re-
gional Ethics Committee of Stockholm.

Outcome measures

To assess cognitive functions, standardized neuropsycholog-
ical tests were used. For estimations of psychometric intelligence,
we used 2 subtests from the Wechsler Intelligence Scales for Chil-
dren-IIT (WISC-III): vocabulary, for estimation of verbal psycho-
metric intelligence; and block design, for estimation of nonverbal
psychometric intelligence (31). Handedness was measured using
the Manual Preference Test (32). Executive functions were tested
by a series of different tests: nonverbal processing speed by
WISC-III coding; verbal working memory by WISC-III digit span
(31). Visual spatial working memory was assessed by the span
board test from the Wechsler Nonverbal Scale of Ability (33).
Verbal processing speed, both reading speed and speeded naming
of colors, and also impulse inhibition were tested with the Stroop
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Color and Word Test (34). To test memory performance (en-
coding/learning, long-term memory, and memory interference
effect) 2 subtests from A Developmental Neuropsychological
Assessment (NEPSY), list learning and memory for faces (35)
were used. To evaluate scholastic performance the parents were
asked to fill out the questionnaire Child Behavior Checklist
(CBCL) (36) and the children themselves estimated their scho-
lastic performance by completing the Scholastic Competence
Subscale from the Self-Perception Profile for Children. The ques-
tionnaire consists of school-related items tapping the child’s per-
ception of his or her competence within the realm of scholastic
performance (37).

Statistical analyses

General two-way ANCOVAs with factors DEX (treated,
nontreated) and GENDER (female, male) were used to analyze
data from all tests in SPSS 23 (IBM). Age at the time of testing was
included as a covariate of no interest to correct for age effects on
testscores. A 2-tailed a-level of P <.05 was used for comparisons
between DEX treated and nontreated subjects. Interactions be-
tween DEX and GENDER were followed up for GENDER-spe-
cific tests of DEX effects when interaction reached a 2-tailed P <
.10. Effect sizes were calculated as Cohen’s d where positive
effect sizes represent higher test scores in controls and negative
effect sizes higher test scores in patients. Effects were categorized
as large with d = 0.80 and small with d < 0.20 (38).

Results

We present test results for WISC-III, NEPSY, span board,
and Stroop Color and Word Test, followed by parental
and the children’s self-ratings of scholastic performance.

Table 2.

Group Averages and Effect Sizes for All Test Scores

Females (n = 52)

Males (n = 48)

DEX (n = 16) C(n = 36) Cohen's d DEX (n = 18) C(n=30) Cohen’s d

WISC-IIl, scaled scores

Coding 10.2 (2.74) 12.0 (2.69) 0.66 9.9 (2.69) 9.3(2.69) -0.22

Block design 9.4 (2.96) 11.7 (2.92) 0.81 11.9 (2.84) 11.1(2.92) —-0.28

Vocabulary 8.8 (2.26) 10.7 (2.23) 0.84 10.9 (2.16) 10.6 (2.23) -0.14

Digit span 7.8 (3.02) 10.8 (2.98) 1.00 9.6 (2.89) 10.3(2.98) 0.24
NEPSY

Faces learning 11.51(3.37) 11.21(3.32) —0.09 10.76 (3.32) 10.99 (3.32) 0.07

Faces LTM 14.0 (1.85) 13.9(1.82) —0.05 13.6 (1.83) 14.5(1.82) 0.49

List learning (raw score) (max 5 X 15 words) 51.5(9.09) 52.3(8.94) 0.09 46.2 (8.96) 48.1 (8.95) 0.21

List interference 10.3 (2.68) 11.8 (2.67) 0.56 10.5 (2.65) 10.5 (2.63) 0

List LTM 11.75 (2.46) 11.61(2.42) —0.06 10.47 (2.43) 10.68 (2.43) 0.09
Span board test

Forward (T) 39.4 (16.95) 52.8 (16.67) 0.80 453 (14.74) 45.1 (16.68) —0.01

Backward (T) 54.2 (16.42) 51.5(16.15) -0.17 57.6(16.18) 49.3(16.16) —0.51
Stroop test

Word reading (T) 46.5 (8.01) 50.0 (8.01) 0.44 45.3(8.02) 46.8 (8.04) 0.19

Color naming (T) 42.4(6.73) 45.6 (6.73) 0.48 42.1(6.75) 40.4 (6.63) —-0.25

Interference (T) 53.0(5.52) 52.8(5.52) —0.04 53.8 (5.53) 51.4(5.52) -0.43

SPPC school performance 3.3(0.43) 3.3(0.42) 0 3.1(0.24) 3.2 (0.43) 0.27

CBCL school performance 4.8 (0.99) 4.8(0.97) 0 4.8 (0.97) 5.0(0.97) 0.21

Estimated marginal means (and SDs) corrected for age at the time of testing. Effect sizes (Cohen’s d) are shown for all findings. Positive effect sizes
represent higher scores in controls (C), whereas negative effect sizes represent higher scores in the DEX-treated group (DEX). The effect sizes for
WISC-IIl subscales are moderate to large (coding, d = .66; block design, d = .81; vocabulary, d = 0.84; digit span, d = 1.0) with DEX-treated girls
performing worse than untreated controls. For span board test forward, the result is similar with a large negative effect of DEX (d = .80) in treated
girls. CBCL, Child Behavior Checklist; LTM, long-term memory; NEPSY, A Developmental NEuroPSYchological Assessment; SPPC, Self-Perception
Profile for Children; T, T-scores; WISC-IIl, Wechsler Intelligence Scales for Children-lIl.
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Figure 1. Group averages for WISC-IIl. Coding (A), block design (B), vocabulary (C), and digit span (D). On all 4 tests, DEX-treated girls scored
lower than female controls. No differences were observed between male DEX-treated and male control subjects. Estimated marginal means (test
age, 11y) and SEs are displayed. WISC-IIl, Wechsler Intelligence Scales for Children-Il.

Group scores for all tests are shown in Table 2 and are
omitted from the text.

Wechsler Intelligence Scales for Children-lll

In 3 out of 4 tests from the WISC-III Scale (coding,
nonverbal processing speed; block design, nonverbal in-
telligence; vocabulary, verbal intelligence), we observed
significantinteractions between DEX and GENDER (cod-
ing,F; o5 =4.16, P = .044; block design, F, o, = 6.44,P =
.013;vocabulary, F, o, = 5.16, P = .025) (Figure 1). In the
fourth test (digit span, verbal working memory), we ob-
served a near significant interaction between DEX and
GENDER (digit span, F, o, = 3.27, P = .074) (Figure 1).
Digit span (verbal working memory) was the only test that
showed a negative main effect of DEX (F, o, = 8.35, P =
.005). A follow-up analysis identified that, on all 4 tests,
female DEX-treated children scored lower than female
controls, although in 1 test, this was only a trend (coding,
Fy 45 = 3.49, P = .068; block design, F; 44 = 5.70, P =
.021; vocabulary, F, 44 = 6.52, P = .014; digit span,
Fy 45 = 12.55, P = .001). None of the follow-up analyses
in the male groups were significant (all P > .10).

Handedness
The Manual Preference Test showed no difference be-
tween groups (P > .10).

A Developmental Neuropsychological Assessment

No effects of DEX were observed on measures of im-
mediate memory/learning, long-term memory, and mem-
ory interference effects assessed with the NEPSY subtests,
list learning and memory for faces (all P > .10).

Span board test

The interaction between DEX and GENDER on visual
spatial working memory assessed with the forward span
board test was approaching significance (F, o5 =3.73,P =
.056) but not with the backward test (F; 95 = 0.67, P =
.416) (Figure 2). In the forward span board test, DEX-
treated girls scored lower than female controls (F; 44 =
7.92, P = .007), whereas there was no difference in the
male group (F, 45 = 0.002, P = .964). A main effect of
DEX approached, but did not reach, statistical signifi-
cance for forward span board scores (F,qos = 3.48,
P = .065), whereas no effect was seen on backward span
board scores (F; g5 = 2.54, P = .114).

Stroop

No effects of DEX or interactions between DEX and
GENDER were observed for speed of processing or im-
pulse inhibition assessed with the Stroop measures of
speeded reading of words, speeded naming of colors, and
Stroop interference (all P > .10).
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Figure 2. Group averages for span board forward (A) and backward (B). DEX-treated girls scored lower than female controls on span board
forward (P = .007). No differences were observed between male DEX-treated and male control subjects. Estimated marginal means (test age, 11y)

and SEs are displayed.

Scholastic ability

Most of the children over 7 years of age completed the
Scholastic Competence Subscale from the Self-Perception
Profile for Children (n = 93). DEX-treated children did
notdiffer from population controls on self-perceived scho-
lastic ability or parental estimations of scholastic perfor-
mance assessed with the CBCL (all P > .10).

Effect sizes

Cohen’s d effect sizes were calculated for all compari-
sons (Table 2). The effect sizes for WISC-III subscales were
moderate to large within females (coding, d = 0.66; block
design, d = 0.81; vocabulary, d = 0.84; digit span, d =
1.0), with DEX-treated girls performing worse than un-
treated controls. For span board test forward, we could see
a similar result with a large negative effect of DEX (d =
0.80) in treated girls.

Discussion

We have investigated long-term effects of prenatal DEX
treatment given during the first trimester in healthy (non-
CAH) children at risk of CAH. We compared their cog-
nitive functions and scholastic ability with those of age-
and sex-matched nontreated peers not at risk of CAH.
DEX-treated girls performed poorer on several cognitive
measures. They scored lower on measures of both verbal
and nonverbal intelligence, as well as verbal working
memory tasks, compared with a group of untreated female
controls. There was also a trend towards poorer perfor-
mance on nonverbal processing speed in DEX-treated
girls, and in addition, visual spatial working memory was
negatively affected. In all of these functions, DEX-treated
boys performed equally well as control boys. This implies
that early DEX exposure during fetal life may have sex-
dimorphic effects. These findings extend and are in line
with our previous finding of poorer verbal working mem-
ory in short-term DEX-treated children (5), but, in the

present extended study, we also identified a broader effect
on subtests with a strong correlation with full-scale intel-
ligence in girls for the first time. The results are also in line
with the findings of Maryniak et al, who concluded that
first-trimester DEX exposure in healthy girls (non-CAH)
had a negative impact on visual perception and visual
memory tasks (7).

Effect sizes of the observed differences are large (Co-
hen’s d > 0.80) for all significant findings. Thereisa 1 SD
difference in verbal working memory performance be-
tween DEX-treated and untreated girls. For nonverbal
and verbal intelligence and visual spatial working mem-
ory, the difference is almost as large (Cohen’s d > 0.80)
and, for nonverbal processing speed, the effect size is me-
dium (Cohen’s d = 0.66). As in our first report, we could
not see a negative impact on learning or long-term mem-
ory, handedness, or speed of processing and impulse in-
hibition. In comparison, the difference in working mem-
ory between CAH children and their unaffected relatives
has been found to be of medium effect size (Cohen’s d =
0.53-0.70) (28), meaning that the negative effect we see in
DEX exposed children not having CAH is not negligible.

The observed effects of DEX on working memory per-
formance are alarming. Working memory/short-term
memory involves the ability to retain information for a
mental operation during a short period of time and work-
ing memory capacity is predictive of academic achieve-
ment and intelligence (39). Although working memory
performance does not show a gender difference in typi-
cally developing children (40), in our study, the reduction
in working memory performance was seen only in girls
who were exposed to prenatal DEX despite not having
CAH. Parental and child assessments of scholastic perfor-
mance did not differ between treated and nontreated chil-
dren in the present report, which emphasizes the impor-
tance of evaluating children with a multisource assessment
and including direct neuropsychological testing. Neuro-
psychological tests are more sensitive to subtle changes in
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cognitive abilities than measures of scholastic perfor-
mance, which may be too subtle during early education
and may have been compensated by increased effort.
However, subtle differences in underlying skills will most
likely have stronger effects later in life, during second and
third level education, when interpersonal differences in terms
of intelligence become more apparent. In addition, more gen-
eral effects on verbal and nonverbal intelligence and effects
on the visual spatial working memory were detected. Also for
these effects, there seem to be gender typical differences in
prenatal programming and development, because the cog-
nitive deficits were exhibited only in girls.

In adults, sex differences with respect to working mem-
ory subdomains have been shown. Specifically, males per-
form better in mathematical (41), spatial, and object
working memory tasks (42) and females displaying greater
verbal (43) and writing skills than males (44). In a meta-
analysis using the BrainMap database and including
neuro-functional studies on working memory, it was dem-
onstrated that women activate more extensively limbic
structures and prefrontal regions, including bilateral
amygdalae, right hippocampus, and cingulate regions,
whereas men activate more extensively parietal areas, the
right insula, and bilateral thalamus (44). If men and
women differ in terms of how neural networks are re-
cruited for specific neurocognitive functions, this may ex-
plain differences in vulnerability to endogenous or exog-
enous factors. It may be that the female fetus, and
eventually, women are more vulnerable to the effects of
GC on working memory because they rely more on the
brain areas that are dense in GR and MR (44).

In children exposed to pregnancy-related anxiety, a re-
duction of gray matter volume could be seen primarily in
girls at 69 years of age in areas important for executive
functions such as behavioral/emotion regulation (prefron-
tal cortex, premotor cortex, medial temporal lobe, lateral
temporal cortex, postcentral gyrus, cerebellum) (45). Girls
also performed poorer on tests assessing executive func-
tion (46). In summary, the female fetus may be more sus-
ceptible than the male to the consequences of prenatal
maternal depression, pre- and postnatal maternal cortisol,
and prenatal exogenous GC exposure.

Interventions aimed at enhancing cognitive abilities in
GC-treated individuals are important, because tailored
cognitive programs and support in school at an early stage
may circumvent or ameliorate these deficits. However, not
only long-lasting cognitive effects may arise from prenatal
GC exposure but effects on other physiological systems
too are thought to be already programmed in utero. It is
hypothesized that many of the effects of the fetal program-
ming events that persist throughout life are mediated via
alterations of the hypothalamic-pituitary-adrenal (HPA)
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axis. Prenatal GC exposure impacts on brain structures
involved in HPA axis regulation (hypothalamus,
amygdala, and hippocampus) during critical periods of
development. Alterations in GR and MR levels in the hip-
pocampus and apoptosis may thus result in persistent
changes in endocrine stress reactivity, because the hip-
pocampus exerts a negative feedback on the HPA axis.
Reduced negative feedback will lead to an exaggerated
stress response that may persist throughout life and pre-
dispose the individual to the metabolic syndrome or psy-
chiatric disorders. In 6- to 11-year-old term children ex-
posed to either betamethasone or DEX during late fetal
life, an elevated cortisol response to stress has been shown,
especially in girls (47). Again, a sex dimorphism for pre-
natal GC effects is evident. Whether prenatal treatment
with DEX, as used in fetuses at risk for CAH, will lead to
alterations in metabolic functions or neuro-structural
brain networks is not known at the present time, but this
is being investigated within the scope of the Swedish PRE-
DEX study.

One limitation of the study includes the relatively low
number of individuals included in the follow-up, given the
rarity of the disease. The present study is an extension of
our previous study and the study group is doubled. Effect
sizes of the observed group differences are large and the
differences are in accordance with findings in previous
studies underscoring the importance of these findings. A
larger number of study subjects would probably show
more refined differences but it is not likely that the ob-
served effects would disappear. Extended studies in addi-
tional, and larger, cohorts around the world are war-
ranted. Another limitation is that the results of the current
study are based on children, with an average age around
eleven years. Therefore, conclusions about the long-term
effects of DEX treatment on scholastic performance are
limited to early levels of education (primary education).
Differences in cognitive skills, such as observed here, are
more likely to manifest themselves at later stages and may
still affect final level of education and achieved level in
career paths later on.

In conclusion, our results suggest that early prenatal
DEX exposure, as employed in prenatal treatment of fe-
tuses at risk for CAH, is likely to affect cognitive functions
in healthy girls, ie, children who do not benefit from the
treatment. It can therefore not be considered safe to use
this therapy in the context of CAH although extended
studies in additional cohorts around the world are war-
ranted. If DEX is still offered, it is essential that informa-
tion about the risks and benefits of the treatment is given
to the pregnant couple. The treatment should be ques-
tioned and should only be offered within the framework of
a clinical study with longitudinal long-term follow-ups of
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mothers and children. Given the importance of working
memory for academic performance, screening for deficits
should be performed and interventional strategies might
be needed in DEX-treated cases.
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