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Context: Women at risk of preterm delivery are routinely treated with synthetic glucocorticoids
(sGC). While this therapy substantially reduces neonatal morbidity, concerns remain whether sGC
excess may disrupt neurodevelopmental trajectories underlying cognitive functioning.

Objective: The present study is the first to disentangle direct effects of antenatal sGC treatment on
possible long-term cognitive disadvantages from those of pregnancy complications and
prematurity.

Design, Setting, and Participants: This cross-sectional study comprised a mixed-sex cohort of 222
term-born children (aged 6–11-yrs) consisting of three groups: children of mothers admitted to
hospital for threatening preterm delivery who had been treated (n�97) or untreated (n�36) with
sGC, and controls without pregnancy complications (n�89).

Intervention: Antenatal sGC treatment consisted of single courses with dexamethasone or
betamethasone.

Main Outcome Measure: Psychometric intelligence was assessed using a German adaption of
Cattell’s Culture Fair Test.

Results: Children born to mothers at risk for preterm delivery scored on average 6–7 IQ points
below children of mothers without pregnancy complications, irrespective of antenatal sGC treat-
ment. Compared to females, boys were found to be more susceptible to cognitive disadvantages
associated with maternal risk for preterm delivery.

Conclusions: Our data indicate that conditions related to a threatening preterm delivery rather
than antenatal sGC treatment per se are associated with long-term decreases in the child’s intel-
ligence. While these findings imply that a single course of sGC therapy does not aggravate long-
term cognitive deficits, they highlight the need for interventions to reduce the detrimental con-
sequences of distress induced by a threatening preterm delivery.
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Women at risk of preterm delivery are routinely
treated with synthetic glucocorticoids (sGC) to

promote fetal lung maturation (1). While this therapy sig-
nificantly reduces neonatal morbidity, concerns still re-
main whether antenatal sGC treatment results in sustained
changes of normal developmental trajectories (2, 3). Im-
portantly, sGC like dexamethasone (DEX) and beta-
methasone (BETA) used in neonatal practice readily cross
the placenta (4) where they act on fetal brain maturation
and associated brain functions. Experimental animal re-
search has repeatedly demonstrated adverse cerebral out-
comes following in utero sGC exposure (5), including re-
duced brain weight (6, 7), impaired myelination (8), and
aberrant neuronal migration during brain development
(9). Likewise, human infants with repeated courses of an-
tenatal sGC treatment were found to have smaller head
circumferences (10), reduced complexity of cortical fold-
ing (11), and lower neuronal density in the hippocampal
formation (12). Remarkably, a recent brain imaging study
revealed that exposure to a single course of BETA is as-
sociated with significant reductions in cortical thickness at
ages 6–10 yrs, highlighting the persistence of such detri-
mental effects on brain development (13).

Since respective changes in cortical thickness and gray
matter volume within parieto-frontal pathways have been
implicated in intelligence (14–16), antenatal sGC treat-
ment may ultimately result in lower cognitive abilities. So
far, the few studies investigating long-term cognitive out-
comes following antenatal sGC exposure have produced
overall inconsistent results.Whileone early study reported
slightly lower IQ scores in children aged 6 yrs who had
received antenatal BETA treatment (17), others could not
replicate this association (18–22). Moreover, one recent
study found reductions in general cognitive abilities fol-
lowing sGC treatment to depend on genetic variation in
the glucocorticoid and mineralocorticoid receptor genes
(23). Importantly, respective findings were obtained from
placebo-controlled trials of antenatal sGC treatment
where only children of mothers at risk for preterm delivery
were compared, without including a control group of chil-
dren from physiological pregnancies. Moreover, these
prior studies included extremely low birth weight (LBW),
preterm infants, who were found to have adverse cerebral
and cognitive outcomes irrespective of sGC exposure (24–
26). In addition, it remains difficult to disentangle direct
effects of antenatal sGC therapy from the confounding
effects of maternal stress caused by the threat of preterm
delivery and antepartum hospitalization. This is of par-
ticular relevance given the rich literature demonstrating
aberrant neurodevelopment and reduced cognitive abili-
ties in children exposed to maternal prenatal stress
(27–29).

In conclusion, it is yet unclear whether (a) children ex-
posed to antenatal sGC treatment display lower cognitive
abilities compared to those of mothers without pregnancy
complications, and (b) whether these effects are indepen-
dent of prematurity and maternal stress. Thus, we aimed
to investigate general cognitive functioning in 6-to-11yrs-
old children of mothers with a pathophysiological preg-
nancy who had received sGC treatment during pregnancy
and controls. In contrast to most previous studies, we lim-
ited our sample to term-born infants. We further intro-
duced a second control group to disentangle direct effects
of sGC treatment from confounding effects of maternal
stress induced by the threat of preterm delivery and ante-
partum hospitalization. This group comprised children of
mothers who had been admitted to hospital for serious
pregnancy complications, but had never received sGC
therapy. Based on previous research identifying both an-
tenatal sGC exposure and gestational stress as potent pro-
gramming factors of cognitive abilities, we expected to
find lowest IQ scores in the sGC treated children com-
pared to all others.

Subjects and Methods

Selection strategy and sample
The study sample was recruited in cooperation with the Dres-

den Neustadt Hospital and the Department of Gynecology and
Obstetrics at the Technische Universität Dresden. As previously
described (30), obstetrical documents and pediatric examination
booklets of all mothers who delivered their babies between 1997
and 2003 were screened. From these 16 823 babies, only healthy
term-born neonates (37 to 41wk gestation) who had not received
pediatric intensive care were considered as participants. Chil-
dren of mothers who had suffered from serious diseases during
pregnancy such as gestational diabetes or placental insufficiency
were excluded to avoid confounding effects on fetal develop-
ment. From this initial sample, all women who had been hospi-
talized due to serious pregnancy complications such as prema-
ture labor pain, vaginal bleeding, and cervical insufficiency (but
not for other reasons) were invited to participate in the study (n �
516). This sample of hospitalized women consisted of (a) moth-
ers with a pathological pregnancy who had received sGC treat-
ment for fetal lung maturation with either DEX or BETA (n �
304, PP/GC group) and (b) mothers with a pathological preg-
nancy who had not received sGC therapy (n � 212, PP/nonGC
group). Mothers with pathological pregnancies were admitted to
hospital on average within the 28th week of gestation (SD,5.7)
with no difference in timing of admission between the PP/GC and
the PP/nonGC groups (P � .97).The PP/GC group was treated
with a single course of 12 mg DEX or BETA administered twice
over a 24-hour interval, on average during the 30th week of
gestation. As a control group, we contacted a randomized sample
of women without pregnancy complications or antepartum hos-
pitalization (n � 372).

240 mother/child dyads agreed to participate in the study and
completed two experimental test sessions. During the first ses-
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sion, children were exposed to a laboratory stressor for the as-
sessment of cortisol stress reactivity (data are reported elsewhere
(30)). Meanwhile, mothers completed a structured interview (see
below). During the second session, the Culture Fair Intelligence
Test (CFT) was applied as a measure of general cognitive func-
tioning. Subsequently, data from 18 children (controls: n � 7,
PP/nonGC: n � 7, PP/GC: n � 4) were excluded from final
analyses for the following reasons: 1) health issues and/or med-
ication with potential impact on cognitive functioning; 2) mother
reported regular alcohol, nicotine, or drug intake during preg-
nancy; 3) child refused to complete the CFT. Thus, the final
analyses are based on 222 participants (controls: n � 89, PP/
non-GC: n � 36, PP/GC: n � 97).The study protocol was ap-
proved by the ethics committee of the German Psychological
Association and followed the principles of the Declaration of
Helsinki.

Structured interview
Mothers completed a structured interview on sociodemo-

graphic factors (eg, education level), their child’s health status
(eg, information regarding physical and psychiatric diseases),
and further pregnancy-related variables, which may have influ-
enced general cognitive functioning of their child (eg, alcohol
consumption or smoking during pregnancy). The structured in-
terview was conducted to complete health- and pregnancy-re-
lated information obtained from the obstetrical documents.

Cognitive testing
For the assessment of general cognitive functioning, a vali-

dated German adaption of Cattell’s Culture Fair Test was ad-
ministered according to the instruction provided in the test man-
ual. The CFT is a timed-test measuring nonverbal, fluid
intelligence by means of four subtests comprising series, analo-
gies, matrices and classification. Fluid intelligence refers to the
ability to reason and to solve novel and abstract problems inde-
pendently of acquired knowledge. As recommended, the CFT 1
(31) was administered to children aged 6–8.7 yrs while the CFT
20 (32) was applied from the age of 8.7 yrs onwards. IQ scores
were calculated based on age-related norms provided by the re-
spective manuals. We had chosen the nonverbal CFT as we ex-
pected effects of prenatal conditions to primarily manifest in
measures of fluid intelligence, which are relatively independent
from sociocultural influences.

Statistical Analysis
Statistical analyses were conducted using the Statistical Pack-

ages for Social Sciences version 17.0 (SPSS Inc., Chicago, IL;
PASW Statistics, 2009). All statistical tests were two-tailed with
� set at P � 0.05. Initial group comparisons were conducted
using �2 tests for nominal and analyses of variance (ANOVA) for
continuous measures. Kolmogorov-Smirnov testing indicated
that IQ data were normally distributed (P � .09). Furthermore,
associations of IQ scores with demographic and perinatal char-
acteristics were calculated by means of �2 tests for nominal and
Pearson correlations for continuous variables. In case of unequal
variances between groups, Welch’s t-tests were calculated for
group comparisons. To test for group differences in IQ, ANO-
VAs were calculated comparing PP/GC vs. PP/non-GC vs. con-
trols. Least significance difference tests were used for post hoc
comparisons. Additional ANOVAs were calculated to investi-
gate effects of the specific sGC treatment (DEX vs. BETA) and to

test for sex-specific group effects on IQ. To ensure robustness of
findings, analyses of covariance were calculated controlling for
potential confounders identified by initial group comparisons.
To accommodate a finding of significant group differences in
parental education levels (see below), we conducted additional
analyses on a subsample stratified for parental education (Sup-
plement 1).

Results

Demographic characteristics
The study sample comprised 222 healthy term-born

children (105 females) with a mean age of 8.4 yrs (SD, 1.4).
Within the PP/GC group, 58 children received antenatal
sGC treatment with BETA while 39 children were treated
with DEX.

As depicted in Table 1, there were no group differences
regarding children’s sex or age at test day and maternal age
at birth (all P values � 0.11). Mothers at risk for preterm
delivery who received sGC therapy had significantly lon-
ger hospital stays than those without sGC therapy. Fur-
thermore, lower parental education was associated with a
higher incidence of pathological pregnancies as indicated
by slightly lower education levels in both the PP/GC (P �
.005) and the PP/non-GC group (P � .009) compared to
controls. As this may be a potential confounder when test-
ing for group differences in IQ, we conducted additional
analyses on a subsample (n � 151) post hoc stratified for
parental education (mean, 10.7; SD, 0.7 for all groups).

Perinatal characteristics
All children were born mature and healthy between 37

and 41wk gestation (mean, 39.3; SD, 1.3) and had not
been admitted to a pediatric intensive care unit (PICU).
Study groups did not differ with regard to mode of deliv-
ery, APGAR scores, or pH value of the umbilical cord
blood (all P values � 0.26, Table 2). While all groups were
normal for gestational age, they significantly differed in
birth weight and length. Post hoc testing revealed a slightly
lower birth weight and reduced birth length in the PP/GC
compared with the PP/non-GC (weight, P � .018; length,
P � .056) and the control group (weight, P � 0.001;
length, P � .001). Although only term-born children were
included in this study, length of gestation significantly dif-
fered between groups (P � 0.001, Table 2) with children
in the PP/GC group being born slightly earlier compared
with the control groups (P � 0.001). Thus, birth weight,
birth length, and length of gestation were treated as po-
tential confounders in subsequent analyses.

Effects on general cognitive functioning
Within the overall sample, IQ scores ranged from 78–

159 (mean, 109.8; SD, 13.2) and were found to be unre-
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Table 1. Sample characteristics and IQ scores for the overall sample (n � 222). Sample characteristic and IQ scores
of a subsample stratified for parental education level are given in brackets (n � 151).

PP/GC PP/non-GC Controls P Value

N 97 36 89
(60) (36) (55)

Sex (% female) 40.2 52.8 52.8 0.18
(48.3) (52.8) (50.9) (0.91)

Age at test day (yrs) 8.2 � 1.3 8.5 � 1.2 8.6 � 1.4 0.11
(8.1 � 1.3) (8.5 � 1.2) (8.3 � 1.3) (0.23)

Maternal age at birth (yrs) 28.1 � 4.3 29.3 � 4.8 29.1 � 4.2 0.18
(29.3 � 4.8) (29.3 � 4.8) (28.7 � 4.4) (0.53)

Maternal hospital stay (d) 27.6 � 21.6 14.2 � 16.8 ——– � 0.001**
(29.4 � 23.5) (14.2 � 16.8) (� 0.001**)

Mean parental education level (yrs) 10.8 � 0.8 10.7 � 0.7 11.1 � 0.8 0.005**
(10.7 � 0.7) (10.7 � 0.7) (10.7 � 0.7) (1.0)

IQ score 107.14 � 12.8 107.61 � 11.7 113.7 � 13.4 0.002**
105.9 � 12.1 107.61 � 11.7 112.7 � 14.8 0.018**

Data are expressed as mean � SD **, P � 0.01.

PP/GC, pathophysiological pregnancy with sGC treatment;

PP/non-GC, pathophysiological pregnancy without sGC treatment

Table 2. Perinatal characteristics for the overall sample (n � 222). Perinatal characteristics of a subsample stratified
for parental education level are given in brackets (n � 151).

PP/GC PP/non-GC Controls P Value

Mode of
Delivery %

Vaginal
Delivery

73.0 75.0 73.6 0.97

(77.4) (75.0) (74.1) (0.92)
Other

(Instrumental
Vaginal
Delivery,
Caesarean
Section)

27 25 26.4.

(22.6) (25) (25.9)
Length of

gestation
(wk)

38.8 � 1.4 39.3 � 1.2 39.6 � 1.2 �
0.001**

(39.1 � 1.2) (39.3 � 1.2) (39.4 � 1.2) (0.29)
Birth weight

(g)a
3168.1 � 447.9 3380.3 � 437.8 3495.4 � 448.4 �

0.001**
(3178.7 � 456.4) (3380.3 � 437.8) (3488.9 � 419.4) (�

0.001**)
Birth length

(cm)b
49.5 � 2.1 50.3 � 2.2 50.5 � 2.1 0.004**

(49.5 � 2.2) (50.3 � 2.2) (50.2 � 1.7) (0.082)
APGAR (5-min

score)c
9.4 � 0.8 9.4 � 0.7 9.5 � 0.6 0.81

(9.5 � 0.6) (9.4 � 0.7) (9.6 � 0.6) (0.57)
Umbilical

cord/artery
(pH values)

7.3 � 0.1 7.3 � 0.1 7.3 � 0.1 0.26

(7.3 � 0.1) (7.3 � 0.1) (7.3 � 0.1) (0.23)

Data are expressed as mean � SD **, P < 0.01.

PP/GC, pathophysiological pregnancy with sGC treatment;

PP/non-GC, pathophysiological pregnancy without sGC treatment
an � 211 (142), bn � 214 (144), cn � 209 (140)
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lated to sex, maternal age at birth, gestational age, mode
of delivery, APGAR scores and pH value of the umbilical
cord blood (all P values � 0.12). Correlation analyses
indicated a positive association of birth weight (r � 0.17,
P � .014) and length (r � 0.15, P � .024) with IQ scores.
No significant relations between gestational week of sGC
treatment (r�-0.17, P � .156) and hospital admission
(r�-0.12, P � .241) with the child’s IQ score were
observed.

Regarding the major hypothesis of the present study,
ANOVA revealed significant differences in general cog-
nitive functioning between the three groups (F2,219�6.6,
P � .002, �2�0.06, Figure 1 A). As hypothesized, the
PP/GC group was characterized by significantly lower IQ
scores compared to controls (P � .001, �2�0.06), how-
ever, a comparable reduction in IQ scores was observed in
PP/non-GC children (P � .018, �2�0.04). Post hoc com-
parisons revealed no differences in intelligence between
the PP/GC and the PP/non-GC groups (P � .853). These
findings indicate that children of mothers with antepar-
tum hospitalization for a threatening preterm delivery
scored on average 6–7 IQ points below children of moth-
ers without pregnancy complications, irrespective of an-
tenatal sGC exposure. Respective results remained stable,
although with some decrease in effect sizes, when gesta-
tional age (F2,212�4.4, P � .013, �2�0.04) birth weight
(F2,207�3.4, P � .036, �2�0.03) or birth length
(F2,207�4.3, P � .014, �2�0.04) were treated as covari-
ates. No differences in IQ scores were observed between
the DEX and the BETA group (F1,95�1.1, P � .29).

Next, potential sexually dimorphic effects were ex-
plored by conducting separate analyses for the male and
female subsamples. Respective results indicate that the
finding of lower IQ scores in children of hospitalized
mothers was primarily driven by males (F2,114�5.0, P �
.008, �2�0.08, Figure 1B). On average, boys in both the

PP/GC (P � .003, �2�0.08) and the PP/non-GC (P � .031,
�2�0.08) groups scored 8 IQ points lower than controls.
In contrast, no significant group differences in general cog-
nitive functioning occurred in the female subsample
(F2,102�2.1, P � .124, Figure 1C).

Finally, we conducted additional analyses on a sub-
sample stratified for parental education level given that
parental education was found to differ between study
groups (P � .005, Table 1) and was further correlated with
the child’s IQ score (r � 0.28, P � 0.001). Despite the loss
of power, analyses of the stratified sample yielded highly
similar results to those observed for the overall sample
(Supplement 1, Supplemental Figure 1).

Discussion

The present study is the first to disentangle direct effects of
antenatal sGC treatment on long-term changes in general
cognitive functioning from confounding influences of a
threatening preterm delivery. We report that term-born
children of mothers at risk for preterm delivery scored on
average 6–7 IQ points below those of mothers without
pregnancy complications, irrespective of antenatal sGC
exposure. As such, these findings imply that conditions
related to a threatening preterm delivery rather than an-
tenatal sGC exposure per se are critical for observed de-
creases in the children’s IQ score. Observed effect sizes are
considered relevant for school achievement outcomes, as
for instance, group differences of 7 IQ points have been
reported when comparing elementary school dropouts
and graduates (33).

The in utero environment plays a pivotal role for shap-
ing human intelligence and accounts for 20% of the co-
variance in IQ scores between identical twins (34). Exten-
sive research across species identified fetal overexposure

Figure 1. Mean IQ scores (� SD) for the PP group with sGC treatment (PP/GC), the PP group without sGC treatment (PP/non-GC), and controls
[A] within the overall sample [B] within the males subsample, [C] within the female subsample, *, P � 0.05, **, P � 0.01.
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to GC as one potent programming factor of cerebral out-
comes underlying cognitive functioning (5). For example,
animals exposed to sGC during gestation were found to
have lower brain weight (6), impaired myelination (8) and
aberrant neural migration during brain development (9).
These findings concur with human studies demonstrating
smaller head circumferences (10), reduced cortical thick-
ness (13) and neural density (12) as well as lower com-
plexity of cortical folding (11) in individuals with repeated
courses of antenatal sGC therapy. Consequently, concerns
have been raised whether antenatal sGC therapy com-
monly administered to women with suspected preterm la-
bor may result in long-term cognitive disadvantages. Prior
research in this field exclusively relies on data from pla-
cebo-controlled trials of antenatal sGC treatment to pre-
vent neonatal respiratory distress and other diseases re-
lated to prematurity (17–21, 23, 26). Importantly, these
clinical trials enrolled cohorts with high numbers of low
birth-weight, preterm infants and further lacked a control
group without pregnancy complications. Most these stud-
ies revealed no differences in IQ scores between sGC and
placebo-exposed offspring aged 6–31 yrs, which aligns
well with our finding of comparable cognitive abilities
among PP/nonGC and PP/GC children. The present study
significantly extends prior work by introducing a non-PP
control group and by limiting the sample to term-born
children given that prematurity itself is strongly predictive
of adverse cognitive outcomes (24–26). Although our
study indeed revealed lower IQ scores in children exposed
to antenatal sGC compared to controls, this decline ap-
pears to result from conditions related to the threatening
preterm delivery per se with males being particularly
vulnerable.

The finding of lower IQ scores in both the PP/GC and
the PP/non-GC group could plausibly be ascribed to the
well-documented, detrimental consequences of maternal
prenatal stress. Importantly, antepartum hospitalization
for suspected preterm delivery has been found to trigger
intense worries and stress symptoms in the mother-to-be
(35, 36) and could thus be regarded as a potent objective
stressor. Alternatively or in addition, increased stress dur-
ing pregnancy constitutes a significant risk factor for pre-
term delivery (37, 38), which may have resulted in a higher
number of stressed mothers within the PP groups. Con-
sistent with both scenarios, accumulating evidence docu-
ments poorer cognitive abilities in children exposed to
maternal prenatal stress, with particularly strong associ-
ations being observed for objective stressors (27). Specif-
ically, a series of studies reported negative associations
between mental development in children aged 3–19 month
and maternal exposure to stressful life events (39, 40) or
pregnancy-related anxiety (41–43). Likewise, poorer IQ,

attention and working memory scores were found in dif-
ferent cohorts of 5–14-yrs-old children whose mothers
reported high anxiety levels (44–46) or exposure to ob-
jective stressors (47) during pregnancy. Of note, respective
associations generally persisted after controlling for ma-
ternal postnatal mood and other confounders in the pre-
and postnatal periods (39, 42, 44). Adverse cerebral out-
comes following in utero stress exposure closely parallel
those observed for antenatal GCs excess. For example,
synaptic loss and inhibition of neurogenesis (48, 49) as
well as reduced dendritic complexity and hippocampal
volume (48, 50) have been repeatedly observed in prena-
tally stressed animals. In addition, evidence from a pro-
spective, human brain imaging study indicates that ma-
ternal pregnancy-related anxiety is associated with
reduced gray matter volume in the prefrontal cortex at
ages 6–9 yrs (51). This nicely adds to the finding of lower
IQ scores in children exposed to prenatal stress, given that
decreased gray matter volume in fronto-parietal pathways
ranges among the most reliable neural correlates of human
intellectual capacities (14, 15, 52, 53). One frequently pro-
posed physiological mechanisms underlying these rela-
tions involves increased fetal exposure to endogenous glu-
cocorticoids following maternal stress exposure (28, 54).
Although the placental expression of 11�-hydroxysteroid
dehydrogenase 2 forms a potent maternal-fetal barrier,
10%–20% of maternal cortisol still crosses to fetus (55)
where it exerts powerful effects on neural development.
Importantly, frontal and parietal brain structures impli-
cated in intelligence contain high densities of glucocorti-
coid receptors (56–58) and might thus be particularly vul-
nerable to antenatal cortisol levels. Indeed, maternal free
cortisol levels during pregnancy have been associated with
lower IQ scores at age 7 in a sample of full-term, normal
birth-weight infants (59). While the molecular routes are
not yet fully explored, neurotoxic effects (60, 61) and epi-
genetic modification (2) are currently discussed as medi-
ators of long-term neurodevelopmental changes related to
antenatal GC excess. In conclusion, lower IQ scores ob-
served in children born to mothers at risk for preterm
delivery might result from increased maternal stress, pos-
sibly mediated via GC induced neural alterations.

Furthermore, our study suggests boys to be more sus-
ceptible to the unfavorable cognitive outcomes associated
with maternal risk for preterm delivery than girls. On av-
erage, males in PP/GC and PP/non-GC groups scored 8 IQ
points lower compared to controls, whereas no such ef-
fects were observed in females. Although this finding
might result from reduced power, it fits well with accu-
mulating evidence for a sexually dimorphic programming
of neurobiological pathways following gestational stress
(29, 62). For example, rodent studies have consistently
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reported reduced dendritic complexity in the prefrontal
cortex and the hippocampus of prenatally stressed males,
while no such effects were observed in females (48, 50, 63).
Consistent with our results, male rats, but not females,
were found to develop sustained cognitive deficits regard-
ing working memory and behavioral flexibility upon ex-
posure to prenatal stress (64). As reviewed elsewhere, sex-
specific placental responses to intrauterine stress exposure
may contribute to a greater male susceptibility (62, 65).
This is interesting in so far as males were consistently
found to exhibit more variance in IQ scores than females
with proportionately more males ranging at both ends of
the intelligence distribution (66, 67). As suggested by this
and other studies, increased sensitivity to adverse, but also
beneficial in utero conditions might reflect one critical fac-
tor here. Intriguingly however, a recent review clearly doc-
uments that sexually dimorphic consequences of gesta-
tional stress might be more advantageous for males in
other domains, eg, promoting neurobiological resilience
to affective and stress-related psychopathology (62). This
would be consistent with a previous study by our group
indicating that within the same sample, males appeared to
be less affected by the unfavorable effects of antenatal sGC
exposure on long-term endocrine stress reactivity (30).

In addition to the three-group design, a notable
strength of this study is the careful consideration of con-
founds across study outcomes. First, we limited our sam-
ple to term-born children who were not small for gesta-
tional age (SGA), which allowed us to demonstrate that
respective findings appear to be unrelated to the unfavor-
able consequences of prematurity or neonatal intensive
care. Within this preselected sample, the addition of co-
variates such as birth weight slightly reduced the magni-
tude of effect sizes but did not eliminate significant group
differences in IQ scores. One important confounder
mostly neglected in prior studies relates to the finding of
lower education levels in parents at risk of having a pre-
mature baby compared to controls. This is not surprising
given that low socioeconomic status, whether defined by
income, occupation or degree of parental education, has
been consistently identified as an important risk factor for
preterm contractions and delivery in epidemiological
studies (68, 69). However, analyses of a subsample strat-
ified for parental education yielded similar group differ-
ences regarding IQ scores, despite the substantial loss of
power. As such, lower IQ scores in children born to moth-
ers at risk for preterm delivery are unlikely to result from
variation in parental education; however, this possibility
should be carefully considered in future studies. Related to
this, one important limitation of the present study includes
the use of education levels as a crude measure of parental
general cognitive functioning. Furthermore, the cross-sec-

tional nature of our data prevents any conclusions regard-
ing causal relations. Lastly, as we had included only
healthy individuals to avoid potential confounding effects
of health issues and medication intake on IQ scores, this
selection strategy may have led to the recruitment of a
generally more resilient sample. We further acknowledge
that conditions related to a threatening preterm delivery
are only one aspect among many potential influences to
explain interindividual differences in intelligence.

In summary, we report that conditions related to a
threatening preterm delivery rather than antenatal sGC
exposure per se are associated with a substantial decrease
in the children’s general cognitive functioning. This dis-
tinction is important, as it is suggestive of very different
clinical implications. While our findings imply that a sin-
gle course of DEX or BETA does not aggravate long-term
cognitive deficits in PP children, they highlight the need for
interventions to reduce adverse effects of a threatening
preterm delivery.
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