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Abstract
During pregnancy corticotropin-releasing hormone
(CRH) is released into maternal and fetal circulation from
the placenta. Elevated concentrations of placental CRH
are associated with spontaneous preterm birth, but the
consequences for infant development, independent of
birth outcome, are unknown. In this study, the effects of
placental CRH on infant temperament were examined in
a sample of 248 full-term infants. Maternal blood sam-
ples were collected at 19, 25 and 31 weeks of gestation
for CRH analysis. Infant temperament was assessed with
measures of fear and distress at 2 months of age. Infants
of mothers with low CRH at 25 weeks of gestation scored
lower in fear and distress at 2 months. CRH at 19 and 31
weeks' gestation was not significantly associated with
measures of infant temperament, suggesting the possi-
bility that there is a sensitive period for its effects. These
data suggest that prenatal exposure to CRH may exert
influences that persist into the postnatal period.

Copyright © 2005 S. Karger AG, Basel

Maternal stress during pregnancy has been studied as
a risk factor that may have developmental and health
consequences persisting throughout the lifespan. Animal
and human studies have demonstrated that maternal
stress during pregnancy has consequences for cognition
and learning [Laplante et al., 2004; Weinstock, 1996],
stress reactivity [Clarke et al., 1994], behavioral re-
sponses to novelty [Davis et al., 2004; Schneider, 1992]
and other emotional and behavioral disturbances
[O’Connor et al. 2003; Schneider et al., 1992; Van den
Bergh and Marcoen, 2004; Weinstock, 2001] in the off-
spring. A primary pathway by which stress effects the fe-
tus appears to be the hypothalamic-pituitary-adrenal
(HPA) axis [Ward and Phillips, 2001; Welberg and Seckl,
2001]. However, few studies have examined the effect of
HPA axis activity during the prenatal period on human
postnatal development [de Weerth et al., 2003].

HPA axis activity is regulated by the release of hypo-
thalamic corticotropin releasing hormone (CRH). CRH
is a 41-amino acid neuropeptide that stimulates the bio-
synthesis and release of adrenocorticotropin hormone
(ACTH) and B-endorphin from the anterior pituitary.
ACTH triggers glucocorticoid (cortisol in primates) pro-
duction and release from the adrenal cortex [Chrousos
and Gold, 1992; Vale et al., 1981]. In addition to the hy-
pothalamus, CRH has been identified in other areas of
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the brain with high quantities localized in the central nu-
cleus of the amygdala and the bed nucleus of the stria
terminalis [Avishai-Eliner et al., 2002; Schulkin, 1999].

During primate pregnancy CRH is also released from
the placenta into the bloodstream. The human placenta
contains mRNA for CRH as early as the 7th week of ges-
tation [Petraglia et al., 1987]. Fetal and maternal levels
are correlated because the active peptide is released into
both the maternal and fetal circulation [Economides et
al., 1987; Gitau et al., 2004; Goland et al., 1988; Stalla et
al., 1989]. Placental CRH is identical to hypothalamic
CRH in structure, immunoreactivity and bioactivity [Pe-
traglia et al., 1996]. There is, however, a crucial differ-
ence. In contrast to the negative control on hypothalamic
CRH, glucocorticoids stimulate the expression of hCRH
mRNA in the placenta. Placental CRH is released estab-
lishing a positive feedback loop that allows for the simul-
taneous increase of CRH, ACTH, and cortisol in the ma-
ternal and fetal compartments over the course of gesta-
tion [King et al.,, 2001a; Petraglia et al., 1996]. As
pregnancy advances, levels of CRH in plasma reach those
observed within the hypothalamic-pituitary portal sys-
tem during stress [Lowry, 1993]. Hypothalamic CRH is
not, however, detectable in the peripheral circulation.
Plasma CRH is of placental origin [King et al., 2001b]. It
is because of this HPA and placental circuit that there are
increasing levels of CRH, ACTH, and cortisol in the ma-
ternal and fetal compartments during pregnancy. CRH
has been proposed as one mechanism by which prenatal
stress influences fetal and infant development [Avishai-
Eliner et al., 2002; Sandman et al., 1999].

An increasing number of studies have reported that
women who have high concentrations of placental CRH
for their gestational stage are at significantly elevated risk
for premature delivery [Erickson et al., 2001; Hobel et al.,
1999; Holzman et al., 2001; Inder et al., 2001; McLean
etal., 1995; Moawad et al., 2002; Smith et al., 2003; Wad-
hwa et al., 2004]. Placental CRH also has a direct effect
on the fetus and plays a role in fetal development and
maturation [Mastorakos and Ilias, 2003]. For instance, it
was found that prenatal exposure to elevated CRH re-
sulted in impaired ability of the human fetus to distin-
guish a novel tone from familiar tones at 32 weeks’ gesta-
tion [Sandman et al., 1999]. Animal models suggest that
the influence of prenatal exposure to elevated levels of
CRH persists to the postnatal period. Stress-related in-
creases of CRH accelerate the developmental trajectory
of other species such as the western spadefoot tadpole.
However, this acceleration comes at the cost of long-term
impairment in survival skills for the mature toad [Den-
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ver, 1997]. Additionally, prenatal administration of CRH
in the rodent delays growth and increases vocalizations
in response to isolation [Williams et al., 1995]. These
findings are particularly interesting because the rodent
placenta does not produce CRH and exposure does not
result in premature delivery. Thus the influences noted
in these studies of prenatal CRH treatment reflect effects
on the fetal CNS without complications of premature
birth.

The effects of placental CRH on human postnatal de-
velopment have not been investigated. Research with
both human and nonhuman primates has demonstrated
that an important consequence of prenatal exposure to
stress and stress hormones is an increase in fearful or re-
active behavior [Davis et al., 2004; Schneider, 1992; Wel-
berg and Seckl, 2001]. It has been further illustrated that
the effects of prenatal stress on development are related
to the timing of exposure [Schneider et al., 1992; Laplan-
te et al., 2004]. We examined, first, whether elevated ma-
ternal CRH during pregnancy might predict increased
fear and distress in the offspring and second, whether
there was a critical period during fetal development for
the effects of CRH on infant temperament. CRH was
measured at three time points during pregnancy starting
at the 19th week of gestation. Infant fear and distress be-
haviors were evaluated at 2 months of age. It has been
documented that placental CRH influences length of ges-
tation and that infants born prematurely or small for ges-
tational age (GA) are at risk for a wide variety of devel-
opmental problems [Peterson et al., 2003]. Because we
were interested in examining the impact of placental CRH
on infant development independent of birth outcome,
only full-term infants were included in this study.

Methods

Participants

Two hundred and forty-eight women with healthy singleton
term pregnancies were recruited serially between 1999 and 2003
from two obstetrics clinics in Southern California prior to the 16th
week of pregnancy. Women gave informed consent for all aspects
of the protocol, which was approved by the institutional review
board for protection of human subjects. At delivery, mothers ranged
in age from 18 to 43 years (mean = 30.8, SD = 5.3), 72% of the
women were married and 59% were primiparous. Annual house-
hold income for this sample ranged from USD 5,000 to over USD
100,000. Ninety-eight percent of women had graduated from high
school and 48% were college graduates. Forty-nine percent of the
women were non-Hispanic White, 20% were Hispanic White, 11%
were African American and 9% were Asian. This sample is repre-
sentative of low-risk pregnancies seen at these clinics. The infants
of these women (116 girls and 132 boys) were assessed at 8 weeks

Davis/Glynn/Dunkel Schetter/Hobel/
Chicz-Demet/Sandman



of age (SD = 2.1). All infants were born at term (mean GA = 39.5
weeks, SD = 1.1 weeks; mean weight = 3,540.02 g, SD = 505.5 g),
71% were delivered vaginally. Infants in this sample were stable
at the time of delivery and had a median 5-min Apgar score of 9
(range = 4-9).

Procedures

Maternal plasma samples were collected at 3 time points during
pregnancy (19.1 = 0.8, 24.9 + 0.84, 30.8 = 0.98 weeks of gesta-
tion) for analysis of CRH concentration. Infant temperament and
maternal psychological state were assessed at 8 weeks postpartum
(SD =2.1).

Measures

Placental CRH Assessment. Blood samples (20 ml/draw) were
withdrawn by antecubital venipuncture into EDTA (purple top)
vacutainers and chilled on ice immediately. Samples were centri-
fuged at 2,000 g (15 min) and the plasma decanted into polypro-
pylene tubes containing 500 kIU/ml aprotinin (Sigma Chemical
Co., St. Louis, Mo., USA) and stored at —70°C until assayed.

CRH concentrations (pg/ml) were determined by radioimmu-
noassay (RIA; Bachem Peninsula Laboratories, San Carlos, Calif.,
USA). Plasma samples (1-2 ml) were extracted with three volumes
of ice-cold methanol, mixed, allowed to stand for 10 min at 4°C
and then centrifuged at 1,700 g for 20 min at 4°C by the modi-
fied method of Linton et al. [1995]. The pellets were washed with
0.5 ml methanol, and the combined supernatants dried down (Sa-
vant SpeedVac concentrator): Reconstituted samples in assay buf-
fer were incubated with anti-CRH serum (human) for 48 h at 4°C
followed by a 24-hour incubation with '>’I-CRH. Both labeled and
unlabeled CRH were collected by immunoprecipitation with goat
anti-rabbit IgG serum and normal rabbit serum after 90 min incu-
bation at room temperature. Samples were centrifuged at 1,700 g
(20 min) at 4°C and the aspirated pellets were quantified with a
gamma scintillation counter. The CRH assay had less than 0.01%
cross-reactivity with ovine CRH, 36% cross-reactivity with bovine
CRH, and non-detectable reactivity with human ACTH. The intra-
assay and inter-assay coefficient of variance ranges from 5 to 15%
respectively. Data reduction for the RIA assay was with a com-
puter assisted four-parameter logistics program [Rodbard and
Hutt, 1974].

Infant Temperament. Infant temperament was assessed using a
modified version of two of the subscales of the Infant Behavior
Questionnaire, a standardized instrument designed to assess tem-
perament in infancy by maternal report [Gartstein and Rothbart,
2003]. The 8-item fear scale assesses the extent to which infants
display fearful reactions to novel or surprising stimuli (e.g., How
often during the past week did the baby startle to a loud sound or
sudden noise?). The 12-item distress scale assesses levels of fussi-
ness or irritability (e.g., How often during the past week did the
baby fuss or show distress while in a confining place or position?).
Mothers rated their infant on each item using a 5-point Likert scale
ranging from 1 (never) to 5 (always). Responses to items from each
scale were averaged to create a score for fear and a score for distress.
Published reliability and validity data for the Infant Behavior
Questionnaire indicates that this instrument has strong psychomet-
ric properties. Cronbach a-coefficients for these scales were 0.90
and 0.81 and intercorrelation between ratings given by the prima-
ry and secondary caregiver were 0.75 and 0.57 for fear and distress,
respectively [Gartstein and Rothbart, 2003].

Corticotropin-Releasing Hormone and
Infant Temperament
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Fig. 1. Mean CRH levels at 19, 25 and 31 weeks of gestation.

Maternal Psychological Assessments. To control for the influ-
ence of maternal affect during the postnatal period on ratings of
infant temperament, maternal anxiety and depression also were
measured. Maternal postpartum depression was evaluated using
the short form of the Center for Epidemiological Studies Depres-
sion Inventory [Santor and Coyne, 1997]. Responses to each of the
9 items in this measure were recorded on a 4-point Likert scale with
a range of 0-3. Anchor points, in terms of days per week, were
‘rarely or none of the time (less than 1 day)’ to ‘most or all of the
time (5-7 days)’. The final score could span from 0 to 27, with a
higher score indicating greater impairment. This measure has been
extensively used and published studies demonstrate both internal
consistency (Cronbach’s o = 0.84) and validity of this measure
[Santor and Coyne, 1997].

State anxiety was measured using the State Anxiety subscale of
the State-Trait Anxiety Inventory [STAI; Spielberger, 1983]. This
10-item scale assessed the extent to which participants had experi-
enced anxiety-related symptoms or emotions using a 4-point Likert
scale ranging from 1 (not at all) to 4 (very much). State anxiety
scores could range from a minimum of 10 to a maximum of 40.
The STAI has been used for research purposes with both pregnant
[Rini et al., 1999] and non-pregnant samples. The STAI has good
internal consistency with a Chronbach’s a-coefficient of 0.92 [Spiel-
berger, 1983].

Results

Placental CRH Assessment

As illustrated in figure 1, levels of CRH increased sig-
nificantly from 19 to 25 weeks’ GA [t(247) = 12.5, p <
0.001] and from 25 to 31 weeks’ GA [t(247) = 18.6, p <
0.001]. Median CRH levels were 15.2 pg/ml at 19 weeks,
33.1 pg/mlat 25 weeksand 187.7 pg/ml at 31 weeks. CRH
levels at the three measurement periods were modestly
correlated (with r ranging from 0.24 to 0.30, p < 0.001).
A square root transformation was employed to reduce the
skew of the CRH values.
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Fig. 2. CRH and temperament. GA = Gestational age.

Infant Temperament

Infant fear scores ranged from 1.3 to 3.4 (mean = 2.0,
SD = 0.45). Infant distress scores ranged from 1.2 to 4.3
(mean = 2.6, SD = 0.59). Fear and distress were moder-
ately correlated [r(248) = 0.40, p < 0.001]. At 2 months,
mean levels of fear and distress did not differ significant-
ly based on sex of the infant [t(247) = 0.45, p = 0.66 and
t(247) =0.17, p = 0.87, respectively], method of delivery
[vaginal vs. cesarean section, t(247) = 0.77, p = 0.44 and
t(246) = 0.69, p = 0.48], or parity [t(247) = 1.6, p=0.13
and t(246) = 1.5, p = 0.10]. Furthermore, annual house-
hold income, used as an index of socioeconomic status,
was not correlated with infant temperament [r(246) =
0.05, p =0.31 and r(246) = 0.06, p = 0.024].

Placental CRH and Infant Temperament

To determine whether CRH levels during pregnancy
affected infant temperament we examined whether the
offspring from mothers with higher levels of placental
CRH during pregnancy displayed higher levels of fear or
distress. Three regression analyses indicated that placen-
tal CRH only at 25 weeks, but not at 19 or 31 weeks, sig-
nificantly predicted infant temperament: fear (R? = 0.04,
B =0.151t=24 p<0.01) and distress (R? =0.03, B=
0.16,t = 2.5, p<0.01). Further, there was evidence that
these associations were nonlinear (i.e. a cubic solution
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accounted for more variance). Thus, temperament mea-
sures were compared in groups of infants divided into
quartiles based on levels of CRH at 25 weeks of GA.
Group 1 comprised individuals with low levels of CRH
at 25 weeks (n = 63), groups 2 (n = 61) and 3 (n = 60)
contain individuals with middle levels of CRH and group
4 (n = 64) contained individuals with high levels of CRH.
As illustrated in figure 2, differences among the 4 groups
were significant for ratings of fear [F(3,244) = 3.3, p <
0.05] and there was a non-significant trend for the four
groups to differ in ratings of distress [F(3,244)=2.4,p =
0.07]. The group with the lowest level of CRH at 25 weeks
displayed the lowest levels of fear and distress in infancy.
Tukey corrected post hoc tests indicated that group 1 dis-
played significantly lower levels of fear than groups 2, 3
and 4 (all p values <0.05). Similarly, measures of infant
distress were significantly lower for group 1 than groups
3 and 4 (all p values <0.05).

There is evidence that maternal psychological state
during the postpartum period may independently influ-
ence infant temperament and the maternal perception of
infant temperament [Pauli-Pott et al., 2003]. The contri-
bution of these factors to the relation between CRH and
infant temperament was examined to assess this alterna-
tive explanation. Ratings of infant fear behavior were as-
sociated with maternal postpartum anxiety [r(248) =
0.15, p < 0.05], but not maternal postpartum depression
[r(248) = 0.12, p = 0.07]. Ratings of infant distress
were correlated with both postpartum maternal anxiety
[r(248) = 0.29, p < 0.001] and depression [r(248) = 0.31,
p < 0.001]. Postpartum maternal anxiety and depression
were entered as covariates and the relation between CRH
at the 25th week of gestation and infant temperament was
re-examined. Including maternal mood as covariates did
not change the relations between CRH and infant tem-
perament [fear ratings: F(3,243) = 3.2, p < 0.05 and dis-
tress ratings: F(3,243) =2.4, p = 0.07].

Discussion

The HPA axis is altered dramatically during pregnan-
cy because the placenta expresses the genes for CRH
(hCRH mRNA). In contrast to the negative control on
hypothalamic CRH, glucocorticoids stimulate the expres-
sion of hCRH mRNA in the placenta, establishing a pos-
itive feedback loop that allows for the simultaneous in-
crease of CRH, ACTH, and cortisol over the course of
gestation [Petraglia et al., 1996]. By this mechanism the
effects of stress may be amplified during pregnancy and
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thereby increase the synthesis and release of CRH. Con-
sistent with previous studies we found that levels of ma-
ternal plasma CRH increase over the course of pregnan-
cy, with the greatest increase occurring in the third tri-
mester. Maternal plasma CRH during pregnancy is of
placental, not hypothalamic origin. Hypothalamic contri-
butions, even after extreme stress, are diluted after leav-
ing the portal system and are not detectable in the periph-
eral circulation [King et al., 2001a].

During pregnancy CRH has been proposed to regulate
a placental clock that initiates a cascade of events leading
to parturition [Smith et al., 2003]. Significant elevations
in CRH are associated with preterm delivery [Hobel et
al., 1999; Holzman et al., 2001; McLean et al., 1995;
Wadhwa et al., 1998, 2004; Sandman, 1998]. A preco-
cious rise in CRH may signify a hostile environment
[Denver, 1997] and precipitate a cascade of events that
influences the fetal nervous system. A rodent model has
demonstrated that prenatal treatment with CRH alters
behavior in the offspring [Williams et al., 1995]. Further-
more, we have shown that elevated CRH during the pre-
natal period, in humans, is related to delayed habituation
in the human fetus [Sandman et al., 1999].

The data presented here suggest that exposure of the
human fetus to CRH affects infant temperament. Fe-
tuses exposed to lower levels of maternal CRH at 25
weeks of gestation were rated by their mothers as exhibit-
ing less fear and distress behavior in infancy. Important-
ly all infants in this study were born at term and thus, this
finding is not related to the established consequences of
preterm delivery. CRH levels at 19 and 33 weeks were
not significantly associated with infant temperament in-
dicating that there may be a critical period for observing
programming influences of CRH on infant temperament.
These data indicate that CRH may influence fetal CNS
development and are consistent with the few existing
studies showing that elevated CRH during the prenatal
period is related to impairments in learning and behavior
[Sandman et al., 1999; Williams et al., 1995].

Observational studies, such as this one, rely on natu-
rally occurring variations in maternal hormones rather
than experimental manipulations. Thus, the possibility
that the association between CRH and infant tempera-
ment is due to other factors cannot be eliminated. Neither
SES, based on annual household income, nor parity were
related to infant temperament in this sample. Postnatal
maternal anxiety and depression were associated with re-
port of infant fear and distress behavior. However, after
controlling for postpartum maternal psychological state
the relation between placental CRH and infant tempera-

Corticotropin-Releasing Hormone and
Infant Temperament

ment was not altered, supporting our conclusion that pre-
natal experiences were responsible for this association.

The mechanisms underlying the associations between
placental CRH and fear and distress behaviors in infancy
are unknown. One possible explanation is that CRH acts
directly on regions of the brain that underlie these tem-
perament characteristics. There is evidence that CRH
may cross the adult blood-brain barrier [Kastin and
Akerstrom, 2002]. Furthermore, the blood-brain barrier
is immature during fetal development and thus it is more
likely to be permeated by peptides such as CRH [Oht-
suki, 2004; Stonestreet et al., 2000]. Furthermore, CRH
receptor mRNA is widely distributed in the brain [Wang
et al., 2001] suggesting that the fetal nervous system is a
plausible target for placental CRH. Limbic regions, in-
cluding the amygdala, are rich in CRH receptors [Eghbal-
Ahmadi et al., 1998; Schulkin, 1999] and intra-amygdala
administration of CRH is anxiogenic [Dunn and Ber-
ridge, 1990]. Animal studies have shown that exposure to
elevated CRH during critical periods of an organism’s
maturation influences the development of these regions
[Avishai-Eliner et al., 2002]. Thus it is possible that the
association between placental CRH and infant tempera-
ment may be due to effects of CRH on these limbic re-
gions.

However, human studies, such as this one, cannot dis-
tinguish between direct effects of CRH on the fetal CNS
and those effects that might result from the impact of
CRH-induced release of ACTH and cortisol. Fetal hypo-
thalamic and placental CRH stimulate fetal pituitary
ACTH secretion, which controls adrenocortical function-
al development [Mastorakos and Ilias, 2003]. CRH could
alter infant behavior through programming of the devel-
opment of the fetal HPA axis and the ensuing effects of
cortisol production. In support of this possibility, prena-
tal exposure to glucocorticoids leads to an increase in fear-
ful or reactive behavior in the offspring [Ward et al., 2000;
Welberg and Seckl, 2001]. Additionally, prenatal treat-
ment with glucocorticoids increases CRH mRNA levels
in the central nucleus of the amygdala, a key locus for the
effects of the neuropeptide on the expression of fear and
anxiety [Welberg et al., 2001].

In summary, these data suggest that there may be a
sensitive period for the effect of placental CRH on infant
temperament. The time course of development of CRH
receptors in the CNS is unknown [Avishai-Eliner et al.,
2002]. We found associations between CRH and infant
temperament at 25 weeks of GA (the end of the 2nd tri-
mester) but not at 19 or 33 weeks of GA, suggesting that
this may be a period of vulnerability to exposure to ele-
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vated levels of CRH. Several studies with human and

nonhuman primates have suggested that the fetus is more

susceptible to the effects of stress during the second tri-
mester of pregnancy [DiPietro, 2004; Schneider, 1992].

this project.

Our findings support these observations and suggest that
the second trimester may be a time when the fetus is vul-
nerable to the influences of stress signals such as CRH.

References

» Avishai-Eliner S, Brunson KL, Sandman CA,
Baram TZ (2002): Stressed-out, or in (utero)?
TRENDS Neurosci 25:518-524.

» Chrousos GP, Gold PW (1992): The concept of
stress and stress system disorders. JAMA 267:
1244-1252.

P Clarke AS, Wittwer DJ, Abbott DH, Schneider ML
(1994): Longterm effects of prenatal stress on
HPA activity in juvenile rhesus monkeys. Dev
Psychobiol 27:257-269.

» Davis EP, Snidman N, Wadhwa PD, Glynn L,
Dunkel Schetter C, Sandman CA (2004): Pre-
natal maternal anxiety and depression predict
negative behavioral reactivity in infancy. In-
fancy 6:319-331.

» Denver RJ (1997): Environmental stress as a de-
velopmental cue: Corticotropin-releasing hor-
mone is a proximate mediator of adaptive phe-
notypic plasticity in amphibian metamorpho-
sis. Horm Behav 31:169-179.

» de Weerth C, van Hees Y, Buitelaar J (2003): Pre-
natal maternal cortisol levels and infant behav-
ior during the first 5 months. Early Hum Dev
74:139-151.

» DiPietro JA (2004): The role of prenatal maternal
stress in child development. Curr Dir Psychol
Sci 13:71-74.

» Dunn AJ, Berridge CW (1990): Physiological and
behavioral responses to corticotropin-releasing
factor administration: Is CRF a mediator of
anxiety or stress responses? Brain Res Brain
Res Rev 15:71-100.

» Economides D, Linton E, Nicolaides K, Rodeck
CH, Lowry PJ, Chard T (1987): Relationship
between maternal and fetal corticotropin-re-
leasing hormone-41 and ACTH levels in hu-
man mid-trimester pregnancy. J Endocrinol
114:497-501.

’Eghbal-Ahmadi M, Hatalski CG, Lovenberg TW,
Avishai-Eliner S, Chalmers DT, Baram TZ
(1998): The developmental profile of the corti-
cotropin releasing factor receptor (CRF) in rat
brain predicts distinct age-specific functions.
Dev Brain Res 107:81-90.

» Erickson K, Thorsen P, Chrousos G, Grigoriadis
DE, Khongsaly O, McGregor J, Schulkin J
(2001): Preterm birth: Associated neuroendo-
crine, medical and behavioral risk factors. J
Clin Endocrinol Metab 86:2544-2552.

» Gartstein MA, Rothbart MK (2003): Studying in-
fant temperament via the revised infant behav-
ior questionnaire. Infant Behav Dev 26:64-
86.

» Gitau R, Fisk NM, Glover V (2004): Human fetal
and maternal corticotrophin releasing hor-
mone responses to acute stress. Arch Dis Child
Fetal Neonatal Ed 89:F29-F32.

» Goland RS, Wardlaw SL, Blum M, Tropper PJ,
Stark RI (1988): Biologically active corticotro-
pin-releasing hormone in maternal and fetal
plasma during pregnancy. J Obstet Gynecol
159:884-890.

» Hobel CJ, Dunkel-Schetter C, Roesch SC, Castro
LC, Arora CP (1999): Maternal plasma corti-
cotropin-releasing hormone associated with
stress at 20 weeks’ gestation in pregnancies
ending in preterm delivery. Am J Obstet Gy-
necol 180:257-263.

» Holzman C, Jetton J, Siler-Khodr T, Fisher R, Rip
T (2001): Second trimester corticotropin-re-
leasing hormone levels in relation to preterm
delivery and ethnicity. Obstet Gynecol 97:
657-663.

» Inder WJ, Prickett TC, Ellis MJ, Hull L, Reid R,
Benny PS, Livesey JH, Donald RA (2001): The
utility of plasma CRH as a predictor of preterm
delivery. J Clin Endocrinol Metab 86:5706—
5710.

» Kastin AJ, Akerstrom V (2002): Differential inter-
actions of urocortin/corticotropin-releasing
hormone with the blood-brain barrier. Neuro-
endocrinology 75:367-374.

» King BR, Nicholson RC, Smith R (2001a): Placen-
tal corticotrophin-releasing hormone, local ef-
fects and fetomaternal endocrinology. Stress 4:
219-233.

»King BR, Smith R, Nicholson RC (2001b): The
regulation of human corticotropin-releasing
hormone gene expression in the placenta. Pep-
tides 22:795-801.

» Laplante DP, Barr RG, Brunet A, Du Fort GG,
Meaney MJ, Saucier JF, Zelazo PR, King S
(2004): Stress during pregnancy affects general
intellectual and language functioning in hu-
man toddlers. Pediatr Res 56:400-410.

» Linton EA, Perkins AV, Hagan P, Poole S, Bristow
AF, Tilders F, Corder R, Wolfe CDA (1995):
Corticotropin-releasing hormone (CRH)-bind-
ing protein interference with CRH antibody
binding: Implications for direct CRH immu-
noassay. J Endocrinol 146:45-53.

304

Dev Neurosci 2005;27:299-305

Acknowledgments

This research was supported by grants from NIH (HD28413
and NS-41298). We wish to thank the families who participated in

» Lowry PJ (1993): Corticotropin-releasing factor
and its binding protein in human plasma. Ciba
Found Symp 172:108-115.

» Mastorakos G, Ilias I (2003): Maternal and fetal
hypothalamic-pituitary-adrenal axes during
pregnancy and postpartum. Ann NY Acad Sci
997:136-149.

» McLean M, Bisits A, Davies J, Woods R, Lowry P,
Smith R (1995): A placental clock controlling
the length of human pregnancy. Nat Med 1:
460-463.

»Moawad AH, Goldenberg RL, Mercer B, Meis PJ,
Iams JD, Das A, Caritis SN, Miodovnik M,
Menard MK, Thurnau GR, Dombrowski M,
Roberts JM (2002): The preterm prediction
study: The value of serum alkaline phospha-
tase, alpha-fetoprotein, plasma corticotropin-
releasing hormone, and other serum markers
for the prediction of spontaneous preterm
birth. Am J Obstet Gynecol 186:990-996.

»O’Connor TG, Heron J, Golding J, Glover V
(2003): Maternal antenatal anxiety and behav-
ioural/emotional problems in children: A test
of a programming hypothesis. J Child Psychol
Psychiatry 44:1025-1036.

» Ohtsuki S (2004): New aspects of the blood-brain
barrier transporters: Its physiological roles in
the central nervous system. Biol Pharmacol
Bull 10:1489-1496.

» Pauli-Pott U, Mertesacker B, Bade U, Haverkock
A, Beckmann D (2003): Parental perceptions
and infant temperament development. Infant
Behav Dev 26:27-48.

» Peterson BS, Anderson AW, Ehrenkranz R, Staib
LH, Tageldin M, Colson E, Gore JC, Duncan
CC, Makuch R, Ment LR (2003): Regional
brain volumes and their later neurodevelop-
mental correlates in term and preterm infants.
Pediatrics 111:939-948.

» Petraglia F, Florio P, Nappi C, Genazzani AR
(1996): Peptide signaling in human placenta
and membranes: Autocrine, paracrine, and en-
docrine mechanisms. Endocr Rev 17:156-
186.

» Petraglia F, Sawchenko PE, Rivier J, Vale W
(1987): Evidence for local stimulation of
ACTH secretion by corticotropin-releasing
factor in human placenta. Nature 328:717-
719.

Davis/Glynn/Dunkel Schetter/Hobel/
Chicz-Demet/Sandman



» Rini CK, Dunkel-Schetter C, Wadhwa PD, Sand-
man CA (1999): Psychological adaptation and
birth outcomes: The role of personal resources,
stress, and sociocultural context in pregnancy.
Health Psychol 18:333-345.

Rodbard D, Hutt D (1974) Statistical analysis of
radioimmunoassays and immunoradiometric
(labeled antibody) assays; in Rodbard D, Hutt
D (eds): Proceedings, Symposium on Radioim-
munoassays and Related Procedures in Medi-
cine, vol 1. Vienna: International Atomic En-
ergy Agency, pp 165-192

»Sandman CA, Wadhwa PD, Chicz-DeMet A, Por-
to M, Garite TJ (1999): Maternal corticotro-
pin-releasing hormone and habituation in the
human fetus. Dev Psychobiol 34:163-173.

» Santor DA, Coyne JC (1997): Shortening the CES-
D to improve its ability to detect cases of de-
pression. Psychol Assess 9:233-243.

» Schneider ML (1992): Prenatal stress exposure al-
ters postnatal behavioral expression under
conditions of novelty challenge in rhesus mon-
key infants. Dev Psychobiol 25:529-540.

» Schneider ML, Coe CL, Lubach GR (1992): Endo-
crine activation mimics the adverse effects of
prenatal stress on the neuromotor develop-
ment of the infant primate. Dev Psychobiol 25:
427-439.

» Schulkin J (1999): CRH in allostatic overload. J
Endocrinol 161:349-356.

» Smith R, Mesiano S, McGrath S (2003): Hormone
trajectories leading to human birth. Regul Pept
108:159-164.

Corticotropin-Releasing Hormone and
Infant Temperament

Spielberger C (1983): State-Trait Anxiety Inven-
tory. Redwood City, Mind Garden.

Stalla GK, Bost H, Stalla J (1989): Human cortico-
tropin-releasing hormone during pregnancy.
Gynecol Endocrinol 175:912-916.

Stonestreet BS, Sadowska GB, McKnight AJ, Pat-
lak C, Petersson KH (2000): Exogenous and
endogenous corticosteroids modulate blood-
brain barrier development in the ovine fetus.
Am J Physiol Regul Integr Comp Physiol 279:
R468-R477.

»Vale W, Spiess I, Rivier C, Rivier J (1981): Char-
acterization of a 41-residue ovine hypothalam-
ic peptide that stimulates secretion of cortico-
tropin and beta-endorphin. Science 213:
1394-1397.

» Van den Bergh BR, Marcoen A (2004): High ante-
natal maternal anxiety is related to ADHD
symptoms, externalizing problems and anxiety
in 8- and 9-year-olds. Child Dev 75:1085-
1097.

» Wadhwa PD, Porto M, Garite TJ, Chicz-DeMet A,
Sandman CA (1998): Maternal corticotropin-
releasing hormone levels in the third trimester
predict length of gestation in human pregnan-
cy. Am J Obstet Gynecol 179:1079-1085.

»Wadhwa PD, Garite TJ, Porto M, Glynn LM,
Chicz-De Met A, Dunkel Schetter C, Sandman
CA (2004): Placental corticotropin-releasing
hormone (CRH), spontanecus preterm birth
and fetal growth restriction: A prospective in-
vestigation. Am J Obstet Gynecol 191:1063-
1069.

»Wang W, Dow KE, Fraser DD (2001): Elevated
corticotropin-releasing  hormone/corticotro-
pin-releasing hormone-R 1 expression in post-
mortem brain obtained from children with
generalized epilepsy. Ann Neurol 50:404-
409.

Ward AMV, Phillips DJW (2001): Fetal program-
ming of stress responses. Stress 4:263-271.

»Ward HE, Johnson EA, Salm AK, Birkle DL
(2000): Effects of prenatal stress on defensive
withdrawal behavior and corticotropin releas-
ing factor systems in rat brain. Physiol Behav
70:350-366.

» Weinstock M (1996): Does prenatal stress impair
coping and regulation of the hypothalamic-pi-
tuitary-adrenal axis? Neurosci Biobehav Rev
21:1-10.

» Weinstock M (2001): Alterations induced by ges-
tational stress in brain morphology and behav-
iour of the offspring. Prog Neurobiol 65:427-
451.

»Welberg LA, Seckl JR, Holmes MC (2001): Prena-
tal glucocorticoid programming of brain corti-
costeroid receptors and corticotrophin-releas-
ing hormone: Possible implications for
behaviour. Neuroscience 104: 71-79.

»Welberg LAM, Seckl JR (2001): Prenatal stress,
glucocorticoids and the programming of the
brain. J Neuroendocrinol 13:113-128.

» Williams MT, Hennessy MB, Davis HN (1995):
CRF administered to pregnant rats alters off-
spring behavior and morphology. Pharmacol
Biochem Behav 52:161-167.

Dev Neurosci 2005;27:299-305

305





