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er prenatal depression is a risk factor for fetal growth restriction.
Methods: Midgestation (18–20 weeks GA) estimated fetal weight and urine cortisol and birthweight and
gestational age at birth data were collected on a sample of 40 depressed and 40 non-depressed women.
Estimated fetal weight and birthweight data were then used to compute fetal growth rates.
Results: Depressed women had a 13% greater incidence of premature delivery (Odds ratio (OR)=2.61) and 15%
greater incidence of low birthweight (OR=4.75) than non-depressed women. Depressed women also had
elevated prenatal cortisol levels (p= .006) and fetuses who were smaller (p= .001) and who showed slower
fetal growth rates (p= .011) and lower birthweights (p=.008). Mediation analyses further revealed that
prenatal maternal cortisol levels were a potential mediator for the relationship between maternal symptoms
of depression and both gestational age at birth and the rate of fetal growth. After controlling for maternal
demographic variables, prenatal maternal cortisol levels were associated with 30% of the variance in
gestational age at birth and 14% of the variance in the rate of fetal growth.
Conclusion: Prenatal depression was associated with adverse perinatal outcomes, including premature
delivery and slower fetal growth rates. Prenatal maternal cortisol levels appear to play a role in mediating
these outcomes.

© 2008 Elsevier Ireland Ltd. All rights reserved.
Fetal growth restriction is a leading cause of infant morbidity and
mortality [1,2] that is associated with adverse neurodevelopmental
outcomes [3], cardiovascular disease [4] and diabetes [5,6]. A number
of risk factors have been identified for fetal growth restriction
including pre-existing and current medical conditions (i.e. anemia,
diabetes, hypertension, etc), sociodemographic factors (i.e. age,
ethnicity, SES, etc), health behaviors (i.e. substance use, diet) and
maternal psychological variables including prenatal depression [2,7].

It is estimated that depression affects 18% of all pregnant women
[8]. This prevalence is higher in lower SES and minority samples, with
over 40% of women reporting elevated symptoms of depression during
pregnancy [9]. The high incidence of prenatal depression is troubling
as prenatal depression is a potential risk factor for a number of adverse
pregnancy complications including spontaneous abortion [10], pre-
eclampsia [11] and premature delivery [12]. Prenatal depression has
also been shown to affect fetal development. Maternal symptoms of
depression are related to smaller fetal head circumferences and lower
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fetal weights [13], and neonates born to depressed mothers are at
greater risk for having low birthweight (b2500 g) [14,15]. Similarly,
infants of prenatally depressed mothers are also more likely to exhibit
growth retardation across thefirst year of life [16]. Even though studies
have examined the effects of prenatal depression on prematurity,
birthweight and infant growth, a review of the literature failed to
identify any studies that have assessed the effects of prenatal dep-
ression on the rate of fetal growth (MEDLINE, PsycINFO; English
language; Human; 1872–2007). As such, the present study examined
the effects of prenatal depression on fetal growth rates.

The effects of prenatal depression on fetal development appear to
be mediated by Hypothalamic Pituitary Adrenal axis (HPA) hyper-
activation during pregnancy. For example, depression during preg-
nancy has been associated with elevated prenatal maternal cortisol
levels, which have, in turn, been related to lower fetal weight, smaller
fetal head circumference [13], lower birthweight [14] and premature
delivery in humans [14,17]. Data from a wide range of animal studies
further indicate that maternal HPA axis hyperactivation during
pregnancy can lead to fetal growth restriction [18]. In the present
study, elevated maternal cortisol levels during pregnancy were
explored as a potential mechanism for the effects of prenatal dep-
ression on fetal growth.
restricts fetal growth. Early Hum Dev (2008), doi:10.1016/j.
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1. Methods

1.1. Participants

The sample consisted of 40 depressed and 40 non-depressed
pregnant women and their fetuses recruited from prenatal ultrasound
clinics between 18 and 20 weeks gestation (M=19.0, SD=0.8). The
women were on average 26.8-years-old (SD=6.5, range 18–39),
predominantly lower to lower-middle socioeconomic status (SES:
M=3.5, SD=1.2, Range range=1–5) on the Hollingshead index [18] and
distributed 59% Hispanic, 32% African American and 9% Caucasian and
had normal body mass indices (BMI: M=22.9, SD=1.2, Range
range=20.9–25.6). Fetuses were distributed 48% female. 46% of the
mothers were married, 34% had a partner (but were not married) and
20% were single. To avoid potential errors and confounds associated
with estimating age, gestational age was estimated based on the
mothers' last menstrual period (LMP) and confirmed using ultrasound
measurements. Only mothers who were able to accurately recall their
LMP date were included in this study. Womenwere recruited into the
study if they met the following criteria prior to study entry: a) did not
report any pregnancy complication at study entry, including:
hypertensive disorders, anemia, vaginal bleeding or intrauterine
growth restriction; b) did not exhibit any pregnancy complication at
study entry or any pregnancy or delivery complication during pre-
vious pregnancies, including: hypertensive disorders, anemia, vaginal
bleeding or intrauterine growth restriction; c) were not diagnosed
with HIV or any other infectious disease; d) had normal pregnancy
body mass indices as defined by Institute of Medicine criteria (BMI
19.8–26.0) and did not report having any metabolic or eating disorder
(diabetes, obesity, bulimia, anorexia) or any psychiatric condition
other than depression; or e) did not report smoking cigarettes,
drinking alcohol or using recreational drugs during pregnancy or
taking antidepressants or other psychotropic medications during
pregnancy. Approximately 80% of women approached met inclusion
criteria. Of these, approximately 60% agreed to participate.

1.2. Procedures

The University of Miami School of Medicine Institutional Review
Board approved the study. Following informed consent, women were
assessed for major depressive disorder (MDD) using the SCID, asked to
provide a urine sample and complete questionnaires. During this visit,
the women also received an ultrasound examination to obtain fetal
biometry measurements. Shortly after delivery, birth measurements
were obtained from themothers' medical records. During the prenatal
visit and shortly after delivery, medical information involving the
development of any pregnancy or health complications was also
collected from the mothers' medical records. Assessments were
conducted during the midmorning to control for diurnal variation in
cortisol levels and extremely low levels in the mid-afternoon [19].

1.3. Assessments

A Demographic Questionnairewas administered to the mothers after
they signed an informed consent. The questionnaire included the mo-
thers' marital status, age, ethnicity, occupation and education. Answers
to the occupation and education questions were used to compute SES
based on the Hollingshead Four Factor Index of Social Status [20].

1.3.1. Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-D)
Women were administered the SCID-I (Non-patient edition:

research version) to determine depression during the prenatal
assessment. Spanish-only speaking women were administered the
Spanish version of the SCID [21]. Women diagnosed as having dep-
ression on the SCID-I were provided referral information for obtaining
psychiatric care. However, none of thewomenwho participated in this
Please cite this article as: Diego MA et al. Prenatal depression
earlhumdev.2008.07.002
study chose to receive psychological or psychiatric treatment for
depression during their pregnancy.

1.3.2. The Center for Epidemiological Studies-Depression scale (CES-D)
The CES-D [22] was administered to assess the symptoms of

depression. The CES-D is a 20-item scale, with scores ranging between
0 and 60. The respondents rate the frequency (within the last week) of
20 symptoms. The symptoms include depressed mood, feelings of
helplessness and hopelessness, feelings of guilt and worthlessness,
loss of energy, and problems with sleep and appetite. The CES-D has
adequate discriminant and convergent validity, correlates well with
other depression scales, and can differentiate clinically depressed and
non-depressed subjects with only a 6% false positive and 36% false
negative rate [23]. In addition, this scale has been shown to be reliable
and valid for diverse demographic groups [23]. Internal consistency
for the CES-D is high (Cronbach's alpha= .82–.85) and test–retest
reliability is satisfactory (r= .51 to .67 over a 2–8 week period; r= .32 to
.54 over a 3- to 12-month period) [23].

1.3.3. Urine cortisol
Urine samples were collected from the mothers at midmorning on

the day of the clinical ultrasound examination. No systematic
differences were noted in the sampling or the timing of collection of
urine samples between women. Urine samples were transferred to
plastic vials and frozen without using acid or other preservatives and
sent to Duke University Medical School where they were assayed (by
S.S. and C.K.). Urinary cortisol was assayed in the stored urine samples
by radioimmunoassay using a specific antiserum from Radioassay
Systems Laboratories (Carson City, CA). The specificity of the assay is
such that biological fluids can be assayed directly following heat
inactivation of CBG, eliminating the need for time-consuming
extraction into organic solvents which is usually required for this
assay. Only 5–10 µl of sample is needed for triplicate assay. Specially
purified 3H-cortisol from the same supplier is used as the labeled
hormone. Bound and free hormones are separated by the dextran-
coated charcoal technique. The sensitivity of the assay is 0.025 ng/
tube. The inter-assay and intra-assay coefficient of variation is less
than 10% and 5% respectively. Standards are prepared from cortisol
from the same supplier, and quality control samples representing low,
medium and high values are run in every assay. Cortisol values were
corrected for creatinine volume.

1.3.4. Fetal growth measures
Fetal biometry measurements were performed by clinical ultra-

sonographers on an Aloka 5500 ultrasound machine with a 5-MHz
curvilinear abdominal probe using standard clinical measurement
protocols. Fetal ultrasound biometrymeasurements were then used to
estimate fetal weight (eFW) using the Shepard et al., algorithm [24].
This formula was chosen as it results in lower estimation errors than
other formulas in fetuses less than 30weeks gestation [25] and fetuses
below 2000 g [26]. Fetal weight estimation algorithms based on fetal
ultrasound biometry measurements provide sufficient parametric
information to allow for the accurate reconstruction of the fetal
volume. Estimated fetal weight algorithms produce estimates with a
10.0% mean absolute percentage error. Fetal weight estimation is not
significantly improved by the use of additional non-standard sono-
graphic fetal measurements nor by the use of multiple assessments.
There is no significant bias in fetal weight estimation introduced by
differences in operator training or diagnostic setting [27]. Further-
more, fetal growth is more accurately estimated via the use of
estimated fetal weight equations than with most individual ultra-
sound biometry measurements [28]. Fetal weight estimates were used
to derive gestational age corrected fetal weight values (estimated fetal
weight /gestational age at ultrasound).

Gestational age at birth and birthweight in grams, were collected
from the infants' medical charts at the neonatal delivery unit and used
restricts fetal growth. Early Hum Dev (2008), doi:10.1016/j.
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Table 1
Demographic characteristics

Non-
depressed

Depressed

N=40 N=40

CES-D 8.33 25.85 F (1, 78)=160.58, pb .001,
η2= .67(3.52) (8.01)

Maternal age 28.03 25.03 F (1, 78)=4.41, p= .04, η2= .05
(6.37) (6.40)

SES 3.20 3.82 F (1, 78)=5.16, p= .03, η2= .06
(1.20) (1.26)

Gestational age at study
entry

19.07 18.96 F (1, 78)=0.36, p= .55, η2b .01
(.82) (.84)

Maternal BMI 22.97 22.99 F (1, 78)=0.002, p= .96,
η2b .01(1.14) (1.16)

Marital status
Married 57% 35% χ2 (1)=4.07, p= .04
Not married 43% 65%

Ethnicity χ2 (2)=0.95, p= .62
Caucasian 10% 8%
African American 28% 37%
Hispanic 62% 55%

Fetal gender χ2 (1)=0.05, p= .82
Male 52% 50%
Female 48% 50%
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to derive birthweight corrected for gestational age values (birth-
weight/gestational age). Estimated fetal weight, gestational age and
birthweight measures were also used to compute fetal growth rates
over the second half of pregnancy as follows.

1.3.4.1. Fetal growth rate

fG ¼ BWT−EFWT
GA2−GA1

:

Where fG is a fetal growth rate for the second half of pregnancy,
EFWT is estimated fetal weight during the first ultrasound visit, BWT
is birthweight, GA1 is gestational age during the prenatal ultrasound
assessment and GA2 is gestational age at birth. The difference in
gestational age between assessments (i.e.GA2−GA1) was used as the
denominator in order to account for unequal measurement intervals
across participants due to differences in gestational age at birth.

1.4. Statistical methods

Statistics were performed using SPSS 14.0 for Windows (SPSS Inc.,
Chicago, IL) and an SPSS macro developed by Preacher and Hayes [29].
Analyses of variance (ANOVAs) and χ2 analyses were used to compare
the groups on demographic and study entry characteristics including
symptoms of depression. Analyses of Covariance (ANCOVAs) with
Group (depressed/non-depressed) entered as the between subjects
factor and marital status (married/not married), maternal age and SES
entered as the covariateswere used to analyzematernal cortisol levels,
estimated fetalweight, estimated fetalweight corrected for gestational
age, birthweight, birthweight corrected for gestational age, gestational
age at birth, time between the fetal assessment and birth and fetal
growth rate. Pearson correlation analyses were conducted between
maternal CES-D scores, prenatal cortisol values, gestational age at birth
and fetal growth rates. To explore whether elevated cortisol levels
during pregnancy mediate the effects of prenatal depression on
perinatal outcomes (fetal growth rate; gestational age at birth), we
employed the approach proposed by Baron and Kenny [30] for testing
mediation using the bootstrap method of Preacher and Hayes [29], to
estimate: 1) the total effect of the independent variable (prenatal CES-
D scores) on perinatal outcomes (gestational age at birth; fetal growth
rate); 2) the effect of the independent variable (prenatal CES-D scores)
on the mediator (prenatal maternal cortisol); 3) the effect of the
mediator variable (prenatal cortisol) on perinatal outcomes (gesta-
tional age at birth; fetal growth rate) after controlling for the effects of
the independent variable (prenatal CES-D scores); 4) the direct effect of
the independent variable (prenatal CES-D scores) on perinatal out-
comes (gestational age at birth; fetal growth rate) after controlling for
the effects of the mediator (prenatal maternal cortisol). The amount of
mediation as defined by the indirect effect of the independent variable
(CES-D) on perinatal outcomes through the mediator (cortisol) was
also estimated using both the Sobel test and bootstrap methods to
assess the bias-corrected 95% confidence interval (CI) for the mediator
based on 1000 bootstrap samples. Data inspection revealed one outlier
(depressed woman delivered at 26 weeks gestation), which was not
included in the analyses. To assess the independent variance in
gestational age at birth and fetal growth rate accounted for by prenatal
maternal cortisol levels, R2Change statistics were computed using two
stepwise regression analyses conducted with marital status, maternal
age, and SES entered on the first step and prenatal cortisol levels
entered on the second step.

2. Results

2.1. Demographics

Analyses revealed that depressed women had higher CES-D scores,
were younger, lower SES and less likely to be married than non-
Please cite this article as: Diego MA et al. Prenatal depression
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depressed women (Table 1). No significant differences were noted in
respect to the gestational age during the ultrasound assessment,
ethnicity, BMI or infant gender for the depressed and non-depressed
groups (Table 1).

2.2. Maternal depression, cortisol and perinatal outcomes

ANCOVAs revealed that depressed women exhibited higher
prenatal cortisol levels. Further, the fetuses of depressed women
had lower estimated fetal weights during midgestation and showed
slower fetal growth rates during the second half of pregnancy. At birth,
infants of depressed mothers showed lower birthweights both
corrected and uncorrected for gestational age (Table 2). The covariates
marital status, maternal age and SES were not significant in any of
these analyses. Depressed women exhibited a 13% greater incidence of
premature delivery (23% depressed vs. 10% non-depressed; Odds
ratio=2.61, 95% CI=0.73 to 9.32) and a 15% greater incidence of low
birthweight (20% depressed vs. 5% non-depressed; Odds ratio=4.75,
95% CI=0.94 to 23.99) than non-depressed women.

2.3. Prenatal maternal cortisol mediates the effects of maternal
depression on perinatal outcomes

Pearson correlation analyses revealed that maternal depression
scores and prenatal maternal cortisol values were significantly related
to each other and to perinatal outcomes (Table 3). Mediation analyses
(Table 4) revealed: 1) a significant relation between prenatal CES-D
scores on gestational age at birth and fetal growth rate; 2) a significant
relation between prenatal CES-D scores and the proposed mediator
(prenatal maternal cortisol); 3) a significant relation between the
mediator (prenatal maternal cortisol) and gestational age at birth and
fetal growth rate after controlling for the effects of prenatal CES-D
scores; 4) no significant direct relations between prenatal CES-D
scores and gestational age at birth or fetal growth rate after controlling
for the effects of the mediator (prenatal maternal cortisol); and 5) a
significant reduction in the relationship between the maternal
depression scores and both gestational age at birth and fetal growth
rate when the mediator (prenatal maternal cortisol) was entered into
the equation. Taken together these findings show that prenatal
maternal cortisol meets the expanded criteria proposed by Baron
and Kenny [29,30] for significant mediation for the effects of maternal
depression on both fetal growth and the length of gestation. Stepwise
restricts fetal growth. Early Hum Dev (2008), doi:10.1016/j.
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Table 4
Mediation effects of prenatal cortisol (Cortisol) on the relationship between prenatal
symptoms of depression (CES-D) and gestational age at birth (GA) and fetal growth rates
(FG)

Regression path b s.e. t p

Gestational age at birth (R2= .35, adjusted R2= .33, F(2, 76)=20.09, pb .001)
Total effect c (CES-D on GA; Cortisol not included)a − .032 .015 2.15 .035
Mediation path a (CES-D on Cortisol)a 3.39 .979 3.46 b .001
Mediation path b (Cortisol on GA)a − .008 .001 5.79 b .001
Direct effect c′ (CES-D on GA; Cortisol is included)a − .003 .013 0.25 .801
Indirect effect tests 95%

confidence
intervals

Sobel − .029 .009 (− .047 to
− .009)
Z=2.94,
p= .003

Bootstrap (z=1000) (− .050 to
− .010)c

Fetal growth rate (R2= .17, adjusted R2= .15, F(2, 76)=7.78, pb .001)
Total effect c (CES-D on FG; Cortisol not included)a − .472 .195 2.42 .018
Mediation path a (CES-D on Cortisol)a 3.39 .979 3.46 b .001
Mediation path b (Cortisol on FG)a − .065 .022 3.01 .035
Direct effect c′ (CES-D on FG; Cortisol is included)a − .252 .199 1.26 .210
Indirect effect tests c–c′ab 95%

confidence
intervals

Sobel − .214 .093 (− .414 to
− .026)
Z=2.22,
p= .026

Bootstrap (z=1000) (− .421 to
− .055)c

b = unstandardised coefficient; s.e. = standard error.
a Effects that need to be significant to meet the criteria for mediation according to

Baron and Kenny [30].
b If this coefficient is reduced to zero then we have perfect mediation, if it is reduced

significantly but not to zero then we have partial mediation, (Baron and Kenny [30]).
The effect of CES-D on both GA and FG is significantly reduced when cortisol is
introduced as a mediator.

c If the 95% confidence interval produced by the bootstrap does not include zero then
criteria for mediation has been meet (Preacher and Hayes [29]).

Table 2
Means and standard deviations (in parentheses under means) for maternal symptoms
of depression (CES-D), prenatal urinary cortisol values and perinatal outcomes

Non-
depressed

Depressed

N=40 N=39a

Prenatal cortisol 134.01 197.04 F (1, 74)=7.92, p= .006,
η2= .10(72.68) (111.25)

Estimated fetal weight 323.90 284.63 F (1, 74)=9.06, p= .004,
η2= .11(48.44) (72.38)

Estimated fetal weight (corrected
for GA)

16.89 14.95 F (1, 74)=11.25, p= .001,
η2= .13(3.22) (2.00)

Birthweight 3437.22 3105.18 F (1, 74)=6.47, p= .013,
η2= .08(436.63) (480.88)

Birthweight (corrected for GA) 89.14 81.38 F (1, 74)=7.35, p= .008,
η2= .09(9.62) (10.67)

Gestational age at birth 38.48 38.04 F (1, 74)=0.97, p= .336,
η2= .01(1.17) (1.65)

Time between fetal assessment
and birth

19.40 19.07 F (1, 74)=0.17, p= .679,
η2b .01(1.41) (1.69)

Fetal growth rate 160.20 147.41 F (1, 74)=6.76, p= .011,
η2= .08(16.53) (19.10)

Marital status, maternal age and SES entered as covariates.
a Data inspection revealed one outlier (depressed woman delivered at 26 weeks

gestation), which was not included in these analyses.
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regression analyses further revealed that prenatal maternal cortisol
levels independently predicted 30% of the variance in gestational age
at birth (R2Change= .30, F (1, 74)=35.35, pb .001) and 14% of the
variance in the rate of fetal growth (R2Change= .14, F (1, 74)=13.32,
pb .001).

3. Discussion

Depressed women exhibited a higher incidence of prematurity and
low birthweight than non-depressed women. This is consistent with
previous research documenting that women who exhibit elevated
depression symptoms during pregnancy are at increased risk for
delivering premature and low birthweight infants [14,31]. Fetuses of
depressedwomen also exhibited lower estimated fetal weights during
midgestation (18–20 weeks GA) and lower birthweights than fetuses
of non-depressed women. These findings are consistent with a recent
study documenting that maternal distress (anxiety, depression, stress)
during pregnancy was associated with lower estimated fetal weight
[13] and research documenting that women exhibiting elevated
symptoms of depression have lower birthweight infants [14,15].

Fetal growth restriction is among the leading causes of fetal
morbidity and mortality and has been associated with adverse long-
term health outcomes [32]. Inasmuch as early diagnosis of fetuses at
risk for fetal growth restriction can reduce perinatal morbidity and
mortality, it is important to identify factors that place fetuses at risk
for fetal growth restriction. Previous studies have attempted to
indirectly estimate the effects of maternal depression on fetal growth
by assessing birthweight corrected for gestational age [33]. None,
however, have assessed the effects of prenatal depression on the rate
of fetal growth. In the present study, we found that fetuses of
depressed women exhibited slower fetal growth rates across the
Table 3
Pearson correlation analyses

CES-D Prenatal cortisol Gestational age at birth

Prenatal cortisol .37⁎⁎
Gestational age at birth − .24⁎ − .59⁎⁎

Fetal growth rate − .27⁎ − .39⁎⁎ .43⁎⁎

⁎⁎ Correlation is significant at the 0.01 level (2-tailed).
⁎ Correlation is significant at the 0.05 level (2-tailed).

Please cite this article as: Diego MA et al. Prenatal depression
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second half of pregnancy than fetuses of non-depressed women,
suggesting that maternal depression is a potential risk factor for fetal
growth restriction.

As has been noted before [13,14], depressed women exhibited
elevated urinary cortisol levels during midgestation which appeared
to mediate the effects of maternal depression on both fetal growth
rates and the length of gestation. These findings are consistent with
several lines of evidence, which suggest that prenatal depression may
affect perinatal outcomes, including premature delivery and fetal
growth restriction, through complex mechanisms including elevated
maternal cortisol levels during pregnancy. For example, elevated
prenatal maternal cortisol may affect fetal growth by both directly
reaching the fetus and by changing the placental environment. From
10% to 20% of maternal cortisol can readily cross the placenta [34,35],
where it has been shown to stimulate the fetal HPA axis [34,36]
resulting in elevated fetal cortisol levels which may in turn affect fetal
growth by dysregulating fetal autonomic nervous system activity [37]
and mobilizing fetal energy stores via glycogenolysis (the conversion
of glycogen to glucose) resulting in a high degree of calorie
expenditure. Alternatively, elevated maternal cortisol, which has
been shown to induce vascular constriction [38,39] and potentiate
norepinephrine-induced uterine artery contractions during mid-
pregnancy [40], may also lead to reduced uterine artery blood flow,
which has been associated with the development of perinatal
complications including fetal growth restriction [41,37] and prema-
ture delivery [42] possibly as a result of placental hypoxia and the
restriction of oxygen and nutrient delivery to the fetus. Elevated
maternal cortisol levels during the second trimester may also lead to
restricts fetal growth. Early Hum Dev (2008), doi:10.1016/j.
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premature delivery by acting on the placental clock via increases in
placental CRH [17].

The role for the timing of prenatal depression on influencing
perinatal outcomes remains unknown. In our study, the lower fetal
weight exhibited by fetuses of depressed women at 18–20 weeks
gestation, suggests thatmaternal depressionmay begin to impact fetal
development as early as the second trimester. While it is possible that
maternal depression can begin to impact fetal development at an even
earlier stage, the low maternal blood flow to the placenta [43,44] and
oxygen tensionwithin the fetoplacental unit [45] observed during the
first 7 weeks of gestation suggests that during early gestation, the
embryo remains relatively isolated and protected from the maternal
biochemical environment during the beginning of the first trimester
[46]. Similarly, the threefold increase in maternal cortisol [17], the
increase in the placental cortisol metabolizing enzyme 11β-hydro-
xysteroid dehydrogenase type 2 [47] and the attenuated HPA axis
responses to stress observed during late pregnancy [48] may help to
buffer negative effects of maternal distress and elevated cortisol levels
on the fetus and intrauterine environment during late gestation. This
is consistent with the relationship observed between preterm birth
and elevated cortisol levels at 15 and 19 weeks gestation but not at 25
or 30 weeks gestation [17]. However, the slower fetal growth rates
observed across the second half of pregnancy (mid second trimester to
delivery) in fetuses of depressed women, suggest that maternal dep-
ression continues to impact fetal development through the third
trimester to at least some extent. Future research should attempt to
evaluate the timing associated with the impact of maternal depression
on perinatal outcomes.

Because prenatal depression has been associated with poorer diet
and eating habits early in pregnancy [49], we only included women
with normal pregnancy body mass indices who did not report having
any metabolic or eating disorder. While midgestation body mass
indices (BMI) for depressed and non-depressed women did not differ,
we did not collect information on maternal nutrition during
pregnancy, which plays a critical role in fetal development [50]. Future
research should evaluate maternal nutrition as a potential moderator
for the effects of maternal depression on fetal development.

In conclusion, prenatal depression was associated with adverse
perinatal outcomes, including premature delivery and slower fetal
growth rates. Depressed women also exhibited elevated cortisol levels
midgestation. Results from our mediation analyses suggest that
maternal depression may lead to adverse perinatal outcomes via
increased prenatal maternal cortisol levels.

Acknowledgments

Wewould like to thank the womenwho participated in this study.
This research was supported by a March of Dimes grant (12-FY03-48),
an NIMH Senior Research Scientist Award (MH00331), an NCCAM
Senior Research Scientist Award (AT01585), and an NIMHmerit award
(MH46586) to Tiffany Field, Ph.D., and funding from Johnson and
Johnson Pediatric Institutes.

References

[1] Cetin I, Foidart JM, Miozzo M, Raun T, Jansson T, Tsatsaris V, et al. Fetal growth
restriction: a workshop report. Placenta Sep–Oct 2004;25(8–9):753–7.

[2] Eleftheriades M, Creatsas G, Nicolaides K. Fetal growth restriction and postnatal
development. Ann NY Acad Sci Dec 2006;1092:319–30.

[3] Leitner Y, Fattal-Valevski A, Geva R, Eshel R, Toledano-Alhadef H, Rotstein M, et al.
Neurodevelopmental outcome of children with intrauterine growth retardation: a
longitudinal, 10-year prospective study. J Child Neurol May 2007;22(5):580–7.

[4] Alexander BT. Fetal programming of hypertension. Am J Physiol Jan 2006;290(1):
R1–R10.

[5] Hales CN, Ozanne SE. For debate: fetal and early postnatal growth restriction lead
to diabetes, the metabolic syndrome and renal failure. Diabetologia Jul 2003;46
(7):1013–9.

[6] Martin-Gronert MS, Ozanne SE. Experimental IUGR and later diabetes. J Int Med
May 2007;261(5):437–52.
Please cite this article as: Diego MA et al. Prenatal depression
earlhumdev.2008.07.002
[7] Valero De Bernabe J, SorianoT, Albaladejo R, JuarranzM, CalleME,Martinez D, et al.
Risk factors for low birth weight: a review. Eur J Obstet Gynecol Reprod Biol Sep 10,
2004;116(1):3–15.

[8] Gavin NI, Gaynes BN, Lohr KN, Meltzer-Brody S, Gartlehner G, Swinson T. Perinatal
depression: a systematic review of prevalence and incidence. Obstet Gynecol Nov
2005;106(5 Pt 1):1071–83.

[9] Orr ST, Blazer DG, James SA, Reiter JP. Depressive symptoms and indicators of
maternal health status duringpregnancy. JWomen'sHealthMay2007;16(4):535–42.

[10] Nakano Y, Oshima M, Sugiura-Ogasawara M, Aoki K, Kitamura T, Furukawa TA.
Psychosocial predictors of successful delivery after unexplained recurrent sponta-
neous abortions: a cohort study. Acta Psychiatr Scand Jun 2004;109(6):440–6.

[11] Qiu C, Sanchez SE, Lam N, Garcia P, Williams MA. Associations of depression and
depressive symptoms with preeclampsia: results from a Peruvian case–control
study. BMC Womens Health Sep 27 2007;7(1):15.

[12] Dayan J, Creveuil C, Marks MN, Conroy S, Herlicoviez M, Dreyfus M, et al. Prenatal
depression, prenatal anxiety, and spontaneous preterm birth: a prospective cohort
study among women with early and regular care. Psychosom Med Nov–Dec
2006;68(6):938–46.

[13] Diego MA, Jones NA, Field T, Hernandez-Reif M, Schanberg S, Kuhn C, et al.
Maternal psychological distress, prenatal cortisol, and fetal weight. Psychosom
Med Sep–Oct 2006;68(5):747–53.

[14] Field T, Diego M, Dieter J, Hernandez-Reif M, Schanberg S, Kuhn C, et al. Prenatal
depression effects on the fetusand thenewborn. InfantBehavDev2004;27(2):216–29.

[15] Oberlander TF, Warburton W, Misri S, Aghajanian J, Hertzman C. Neonatal out-
comes after prenatal exposure to selective serotonin reuptake inhibitor anti-
depressants and maternal depression using population-based linked health data.
Arch Gen Psychiatry Aug 2006;63(8):898–906.

[16] Rahman A, Iqbal Z, Bunn J, Lovel H, Harrington R. Impact of maternal depression on
infant nutritional status and illness: a cohort study. Arch Gen Psychiatry Sep
2004;61(9):946–52.

[17] Sandman CA, Glynn L, Schetter CD, Wadhwa P, Garite T, Chicz-DeMet A, et al.
Elevated maternal cortisol early in pregnancy predicts third trimester levels of
placental corticotropin releasing hormone (CRH): priming the placental clock.
Peptides Jun 2006;27(6):1457–63.

[18] Drake AJ, Tang JI, Nyirenda MJ. Mechanisms underlying the role of glucocorticoids in
the early life programming of adult disease. Clin Sci (Lond) Sep 2007;113(5):219–32.

[19] Edwards S, Clow A, Evans P, Hucklebridge F. Exploration of the awakening cortisol
response in relation to diurnal cortisol secretory activity. Life Sci Mar 23 2001;68
(18):2093–103.

[20] Hollingshead A. Four-factor index of social status. New Haven, CT: Yale; 1975.
[21] First MB, Spitzer RL, Gibbon M, Williams JBW. Entrevista clínica estructurada para

los trastornos del eje I del DSM-IV, Versión clínica. Barcelona, Spain: Masson; 1999.
[22] Radloff L. The CES-D scale: a self-report depression scale for research in the

general population; 1977.
[23] Measurement Excellence and Training Resource Information Center. Critical

review of Center for Epidemiologic Studies Depression Scale (CES-D) Available
from URL: http://wwwmeasurementexpertsorg//instrument/instrument_review-
sasp?detail=12 2005.

[24] Shepard MJ, Richards VA, Berkowitz RL, Warsof SL, Hobbins JC. An evaluation of
two equations for predicting fetal weight by ultrasound. Am J Obstet Gynecol Jan 1
1982;142(1):47–54.

[25] Campbell WA, Vintzileos AM, Nochimson DJ. A comparison of two different
ultrasound methods for estimating fetal weight in preterm gestations. J Clin
Ultrasound Sep 1988;16(7):463–70.

[26] Hill LM, Breckle R, Wolfgram KR, O'Brien PC. Evaluation of three methods for
estimating fetal weight. J Clin Ultrasound Mar–Apr 1986;14(3):171–8.

[27] WatsonWJ, Soisson AP, Harlass FE. Estimatedweight of the term fetus. Accuracy of
ultrasound vs. clinical examination. J Reprod Med Apr 1988;33(4):369–71.

[28] Ott WJ. Sonographic diagnosis of fetal growth restriction. Clin Obstet Gynecol Jun
2006;49(2):295–307.

[29] Preacher KJ, Hayes AF. SPSS and SAS procedures for estimating indirect effects in
simplemediationmodels. Behav ResMeth Instrum Comput Nov 2004;36(4):717–31.

[30] Baron RM, Kenny DA. The moderator–mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J Pers
Soc Psychol Dec 1986;51(6):1173–82.

[31] Orr ST, James SA, Blackmore Prince C. Maternal prenatal depressive symptoms and
spontaneous preterm births among African-American women in Baltimore,
Maryland. Am J Epidemiol Nov 1, 2002;156(9):797–802.

[32] Smith-Bindman R, Chu PW, Ecker JL, Feldstein VA, Filly RA, Bacchetti P. US evaluation
of fetal growth:predictionofneonatal outcomes. RadiologyApr 2002;223(1):153–61.

[33] Hoffman S, Hatch MC. Depressive symptomatology during pregnancy: evidence
for an association with decreased fetal growth in pregnancies of lower social class
women. Health Psychol Nov 2000;19(6):535–43.

[34] Gitau R, Fisk NM, Teixeira JM, Cameron A, Glover V. Fetal hypothalamic-pituitary-
adrenal stress responses to invasive procedures are independent of maternal
responses. J Clin Endocrinol Metab Jan 2001;86(1):104–9.

[35] Murphy BE, Clark SJ, Donald IR, Pinsky M, Vedady D. Conversion of maternal
cortisol to cortisone during placental transfer to the human fetus. Am J Obstet
Gynecol Feb 15, 1974;118(4):538–41.

[36] Liu L, Matthews SG. Adrenocortical response profiles to corticotrophin-releasing
hormone and adrenocorticotrophin challenge in the chronically catheterized adult
guinea-pig. Exp Physiol Sep 1999;84(5):971–7.

[37] Omer H. Possible psychophysiologic mechanisms in premature labor. Psychoso-
matics Aug 1986;27(8):580–4.

[38] Girod JP, Brotman DJ. Does altered glucocorticoid homeostasis increase cardio-
vascular risk? Cardiovasc Res Nov 1, 2004;64(2):217–26.
restricts fetal growth. Early Hum Dev (2008), doi:10.1016/j.

http://wwwmeasurementexpertsorg//instrument/instrument_reviewsasp?detail=12%202005
http://wwwmeasurementexpertsorg//instrument/instrument_reviewsasp?detail=12%202005
http://dx.doi.org/10.1016/j.earlhumdev.2008.07.002
http://dx.doi.org/10.1016/j.earlhumdev.2008.07.002


6 M.A. Diego et al. / Early Human Development xxx (2008) xxx–xxx

ARTICLE IN PRESS
[39] Kandel ER, Schwartz JH, Jessell TM. Principles of neural science. 4th ed. New York:
McGraw-Hil; 2000.

[40] Xiao D, Huang X, Bae S, Ducsay CA, Zhang L. Cortisol-mediated potentiation of
uterine artery contractility: effect of pregnancy. Am J Physiol Heart Circ Physiol Jul
2002;283(1):H238–246.

[41] Dugoff L, Lynch AM, Cioffi-Ragan D, Hobbins JC, Schultz LK, Malone FD, et al. First
trimester uterine artery Doppler abnormalities predict subsequent intrauterine
growth restriction. Am J Obstet Gynecol Sep 2005;193(3 Pt 2):1208–12.

[42] Tchirikov M, Rybakowski C, Huneke B, Schoder V, Schroder HJ. Umbilical vein
blood volume flow rate and umbilical artery pulsatility as ‘venous-arterial index’
in the prediction of neonatal compromise. Ultrasound Obstet Gynecol Dec
2002;20(6):580–5.

[43] Burton GJ, Jauniaux E, Watson AL. Maternal arterial connections to the placental
intervillous space during the first trimester of human pregnancy: the Boyd
collection revisited. Am J Obstet Gynecol Sep 1999;181(3):718–24.

[44] Jauniaux E, Watson AL, Hempstock J, Bao YP, Skepper JN, Burton GJ. Onset of
maternal arterial blood flow and placental oxidative stress. A possible factor in
human early pregnancy failure. Am J Pathol Dec 2000;157(6):2111–22.
Please cite this article as: Diego MA et al. Prenatal depression
earlhumdev.2008.07.002
[45] Rodesch F, Simon P, Donner C, Jauniaux E. Oxygenmeasurements in endometrial and
trophoblastic tissues during early pregnancy. Obstet Gynecol Aug 1992;80(2):283–5.

[46] Jaffe R, Jauniaux E, Hustin J. Maternal circulation in the first-trimester human
placenta—myth or reality? Am J Obstet Gynecol Mar 1997;176(3):695–705.

[47] Welberg LA, Seckl JR. Prenatal stress, glucocorticoids and the programming of the
brain. J Neuroendocrinol Feb 2001;13(2):113–28.

[48] Wadhwa PD, Dunkel-Schetter C, Chicz-DeMet A, Porto M, Sandman CA. Prenatal
psychosocial factors and the neuroendocrine axis in human pregnancy. Psycho-
som Med Sep–Oct 1996;58(5):432–46.

[49] Walker LO, Cooney AT, Riggs MW. Psychosocial and demographic factors related to
health behaviors in the 1st trimester. J Obstet Gynecol Neonatal Nurs Nov–Dec
1999;28(6):606–14.

[50] Symonds ME, Stephenson T, Gardner DS, Budge H. Long-term effects of nutritional
programming of the embryo and fetus: mechanisms and critical windows. Reprod
Fertil Dev 2007;19(1):53–63.
restricts fetal growth. Early Hum Dev (2008), doi:10.1016/j.

http://dx.doi.org/10.1016/j.earlhumdev.2008.07.002
http://dx.doi.org/10.1016/j.earlhumdev.2008.07.002

	Prenatal depression restricts fetal growth
	Methods
	Participants
	Procedures
	Assessments
	Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-D)
	The Center for Epidemiological Studies-Depression scale (CES-D)
	Urine cortisol
	Fetal growth measures
	Fetal growth rate


	Statistical methods

	Results
	Demographics
	Maternal depression, cortisol and perinatal outcomes
	Prenatal maternal cortisol mediates the effects of maternal depression on perinatal outcomes

	Discussion
	Acknowledgments
	References


