Available online at www.sciencedirect.com

SCIENCE dDIREcTe Infant
C Behavior &
Development

e i=- X )
ELSEVIER Infant Behavior & Development 29 (2006) 445-455

Prenatal depression effects on the fetus and newborn: a review
Tiffany Field®*, Miguel Diego?, Maria Hernandez-Reif®

2 Touch Research Institutes, University of Miami, School of Medicine, P.O. Box 016820, Miami, Florida, 33101, United States
Y Fielding Graduate University, United States

Received 15 September 2005; received in revised form 1 February 2006; accepted 20 March 2006

Abstract

A review of research on prenatal depression effects on the fetus and newborn suggests that they experience prenatal, perinatal
and postnatal complications. Fetal activity is elevated, prenatal growth is delayed, and prematurity and low birthweight occur
more often. Newborns of depressed mothers then show a biochemical/physiological profile that mimics their mothers’ prenatal
biochemical/physiological profile including elevated cortisol, lower levels of dopamine and serotonin, greater relative right frontal
EEG activation and lower vagal tone. Elevated prenatal maternal cortisol is the strongest predictor of these neonatal outcomes.
Moderate pressure massage can alleviate these effects including reducing prematurity.
© 2006 Elsevier Inc. All rights reserved.
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1. Pregnancy and birth complications

Depression is prevalent in pregnant women, affecting 10-25% of women (Anderson, Sundstrom-Poromaa, Wulff,
Astrom & Bixo, 2003, 2004; De Tychey et al., 2005; Marcus, Flynn, Blow & Barry, 2004; Stowe, Hostetter, &
Newport, 2005). Prenatal depression increases in severity from the first to the second trimester (Hoffman & Hatch,
2000), negatively affecting fetal development and neonatal outcome. Prenatal and perinatal complications include
higher rates of placental abnormalities (Jablesky, Morgan, Zubrick, Bower & Yellachich, 2005), preeclampsia (Kurki,
Hiilesmaa, Raitasalo, Mattila & Ylikorkala, 2000) and spontaneous abortion (Nakano et al., 2004; Sugiura-Ogasawara
et al., 2002). Depressed women are also more likely to deliver prematurely (Jesse, Seaver, Wallace, 2003; Moncuso,
Schetter, Rini, Roesch & Hobel, 2004; Orr, James & Blackmore Prince 2002), and they often have neonates who require
intensive care for postnatal complications including bronchopulmonary dysplasia and intraventricular hemorrhage
(Chung, Lau, Yip, Chlu & Lee, 2001).

Neonates of depressed mothers are also at greater risk for being low birthweight (<2500 g) and small for gestational
age (<10th percentile) (Field et al., 2004a; Hoffman & Hatch, 2000), with low birthweight being one of the leading
causes of fetal morbidity and mortality (National Center for Health Statistics, 2004). As many as 20% of low birthweight
infants experience fetal growth retardation, the second leading cause of perinatal mortality (Bernstein & Gabbe, 1996).
These infants continue to experience growth retardation across the first year of life (Patel, Rodrigues, DeSouza, 2002;
Rahman, Igbal, Bunn, Lovel & Harrington, 2003).
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Behaviorally, biochemically and physiologically fetuses and neonates of depressed mothers also differ. Fetuses
of depressed women show elevated heart rates (Allister, Lester, Carr & Liu, 2001), greater activity levels (Dieter
et al., 2001) and increased physiological reactivity (Monk et al., 2004). Newborns of depressed mothers perform
less optimally on the Brazelton neonatal behavior assessment scale, and they show less positive affect (Abrams, Field,
Scafidi & Prodomidis, 1995; Field, Diego, Dieter, Hernandez-Reif, Schanberg, Kuhn, Yando & Bendell, 2004a; Lundy,
Field & Pickens, 1997; Lundy et al., 1999). Their negative affect continues into later infancy (Huot, Brennan, Stowe,
Plotsky, & Walker, 2004), and their cortisol responses to mild stressors are predictive of negative affect even at the
toddler stage. Infants of depressed mothers also show inferior mental, motor and emotional development (Murray &
Cooper, 1997; Patel, Rodriguez & DeSouza, 2002; Sondergaard et al., 2003), and later social and emotional problems
during childhood including less emotional well-being as well as internalizing and externalizing problems (Luoma et
al., 2001, 2004; O’Connor, Heron, Glover, Golding & ALSPAC Study Team, 2002a, 2002b, 2003).

2. Infant neurobehavioral dysregulation

The earliest studies on infants of depressed mothers focused on mother—infant interactions during early infancy.
These studies revealed less positive affect, less attentiveness and more fussiness during mother—infant interactions
(Field, 1984) as well as during their interactions with non-depressed adults (Field et al., 1988). Physiological measures
were also taken during these interactions. In one set of studies, vagal tone was recorded from 3—6- month-old infants
of depressed and non-depressed mothers at rest and during interactions with their mother and a stranger. Lower vagal
tone may reflect autonomic nervous system dysregulation, and it has been associated with less optimal performance on
attention and learning tasks. In these studies, infants of depressed mothers exhibited lower vagal tone both at rest (Field
et al., 1995b; Pickens & Field, 1995) and during interactions with their mothers (Field et al., 1988; Pickens & Field,
1993, 1995). Similarly, resting frontal EEG was recorded in infants of depressed and non-depressed mothers. Infants of
depressed mothers showed greater relative right frontal EEG activation that mimicked their depressed mothers’ EEG
profiles (Dawson, 1994; Field et al., 1995a). Greater relative right frontal EEG activation has been associated with
negative affect and depression (Davidson, 2000) and with poor emotion regulation (Fox, 1994).

Although postpartum depression was the focus of these studies, at least one study had suggested that the depressed
mothers showed depressed affect as early as their third trimester of pregnancy, suggesting prenatal depression effects as
well (Field et al., 1985) or a combination of prenatal and postnatal environmental conditions (Field, 1992). According
to a multivariate cumulative risk model proposed by Field (1992), infants of depressed mothers may have a genetic
predisposition and/or may be exposed to a chemically and physiologically imbalanced prenatal environment. This can
result in the development of neurobehavioral dysregulation that then interacts postnatally with their mothers’ poor
arousal modulation and negative interaction style, in turn, potentially leading to later psychopathology.

3. Neonates of depressed mothers

Because prenatal depression had been noted in many of these mothers, infants of depressed mothers were then studied
even earlier, shortly after birth. In these studies, the Brazelton neonatal behavior assessment scale was administered
within 24 h after birth. In one study, newborns of depressed (N=47) versus newborns of non-depressed mothers
(N =36) received inferior orientation and motor scores, and they showed more irritability and less activity, robustness
and endurance during the assessment (Abrams et al., 1995). In another study, we coded the facial expressions of
newborns born to depressed (N =20) and non-depressed mothers (rn =20) during the Brazelton assessment and during
the modeling of happy, sad, and surprised faces (Lundy, Field & Pickens, 1997). Consistent with our previous study
(Abrams et al., 1995), newborns of mothers with depressive symptoms had lower scores on the orientation cluster of
the Brazelton scale. They also showed fewer interest and more precry expressions during the Brazelton. During the
facial expression modeling, the newborns of the depressed mothers also showed less attentiveness and fewer facial
expressions in response to the modeled happy and surprise facial expressions.

Finally, in a third study, we monitored the physiology and behavior of sixty-three newborns of depressed and non-
depressed mothers (Jones et al., 1998). Consistent with findings on older infants (Field et al., 1995a,b), the neonates
of depressed mothers showed greater relative right frontal EEG activation and lower vagal tone. They also received
lower scores on the Brazelton. Taken together, these data suggested a profile of neurobehavioral dysregulation as early
as birth in infants of depressed mothers. These findings implicated prenatal depression as a contributing factor.
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4. Prenatal depression effects on the neonate

A series of studies were then conducted to examine prenatal depression effects on fetal development and neonatal
outcomes. In the first study, we recruited sixty-three pregnant women during their last trimester (Lundy et al., 1999).
The depressed women had higher cortisol and norepinephrine levels and lower dopamine levels. Their newborns also
had higher cortisol and norepinephrine levels and lower dopamine levels, thus mimicking their mothers’ biochemical
profile. The neonates of depressed mothers also showed inferior performance on the orientation, reflex, excitability, and
withdrawal clusters of the Brazelton scale. The elevated prenatal cortisol and norepinephrine levels of the depressed
women suggested a chemically imbalanced prenatal environment, while the elevated cortisol and norepinephrine levels
and inferior Brazelton scores of the neonates of prenatally depressed mothers suggested a profile of dysregulation that
may have resulted from that prenatal environment and/or intrinsic genetic factors/predispositions.

We then studied the effects of chronic prenatal depression on neonatal outcomes. In this study, eighty pregnant
women were assessed for depression during mid-pregnancy (M gestational age =25.9 weeks) and again shortly after
delivery (Diego et al., 2004). Based on a diagnostic interview (SCID) the women were classified as depressed (1) only
during the prenatal assessment; (2) only during the postpartum assessment; (3) during both the prenatal and postpartum
assessments; or (4) reporting no depressive symptoms at either the prenatal or the postpartum assessments. The mothers’
mood and biochemical profiles were assessed during pregnancy, and the EEG, biochemical profiles, and neurobehavioral
profiles of their infants were assessed on the neonatal unit within one week after birth. As predicted, the newborns
of the mothers with both prenatal and postpartum depression had elevated cortisol and norepinephrine levels, lower
dopamine levels, and greater relative right frontal EEG asymmetry. They also experienced more obstetric complications
and showed less optimal neurobehavioral profiles. The newborns in the prenatal depression group also showed greater
relative right frontal EEG asymmetry and higher norepinephrine levels than newborns of non-depressed mothers.

In a subsequent study, we examined the effects of prenatal depression on prematurity and low birthweight (Field et
al., 2004a). In this study, biochemical profiles were assessed in women with (N=70) and without (N=70) depressive
symptoms during their second trimester of pregnancy. At the neonatal period, maternal and neonatal biochemical
profiles, EEG and vagal tone were assessed, neonatal behavior states were observed, and the Brazelton assessment was
conducted. The depressed women had higher prenatal cortisol levels and lower dopamine and serotonin levels, and they
were more likely to deliver prematurely and have low birthweight babies. The newborns of the depressed mothers had
higher cortisol levels and lower dopamine and serotonin levels, thus mimicking their mothers’ prenatal levels. These
newborns also had greater relative right frontal EEG activation and lower vagal tone than the neonates of non-depressed
mothers. Finally, on the Brazelton Scale, they received less optimal scores on the habituation, orientation, motor, range
of state, autonomic stability and depression scales. A path analysis was conducted to assess the effects of the mothers’
prenatal depression and biochemical profile on their newborns’ gestational age and birthweight. As predicted in the
model we had proposed, prenatal depression was related to prenatal cortisol and norepinephrine levels. Prenatal cortisol
levels were, in turn, related to prematurity, and norepinephrine levels were related to low birthweight (see Fig. 1).

These data replicated our previous prenatal depression findings, suggesting an imbalanced biochemical prenatal
environment and less optimal neurobehavioral profiles in the neonates of depressed mothers (Diego et al., 2004; Lundy
et al., 1999). Further, they replicated findings by others (Orr et al., 2002), indicating that depressed mothers are more
likely to deliver premature and low birthweight babies. These data suggest not only that prenatal depression affects
neonatal development, but also that these effects may be mediated at least in part by elevated maternal cortisol and
norepinephrine during pregnancy.

5. Prenatal predictors of neonatal biochemistry and physiology

To assess the predictive validity of the depressed woman’s biochemistry, depressed and nondepressed (N=47)
mothers were recruited as usual from an ultrasound clinic (Field et al., 2004b). Their urine samples were assayed for
cortisol, catecholamines (norepinephrine, epinephrine, dopamine) and serotonin. Their urines were assayed again at
the neonatal period, and their newborns’ urines were also assayed at that time. The depressed versus the nondepressed
mothers showed significantly higher cortisol and norepinephrine and significantly lower dopamine levels across the
pre- and postnatal assessments. At the postnatal period, all levels had decreased except the serotonin levels for both
groups. Regression analyses on the mother’s postnatal biochemistry with the prenatal biochemistry entered as predictor
variables showed highly significant, specific relationships between each of the catecholamines, cortisol, and serotonin.
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Fig. 1. The relationship between maternal depression and low birth weight and prematurity is mediated by maternal cortisol and norepinephrine.

The newborns’ biochemistry values (except for epinephrine) were higher than the maternal values. Regression analyses
on the neonatal biochemistry with the mother’s prenatal biochemistry entered as predictor variables also suggested
highly significant, specific relationships. The continuity between the mothers’ and their newborns’ neurotransmit-
ter/neurohormone profiles, and data showing that elevated norepinephrine and cortisol predict to low birthweight and
prematurity, respectively, highlight the importance of assessing these levels during pregnancy.

In a similar study assessing the predictive validity of the mother’s prenatal physiology and biochemistry for neonatal
outcome variables, we recruited 52 pregnant women during their second trimester (Field et al., 2004c). They were
given EEGs and divided into greater relative right and greater relative left frontal EEG activation groups. The greater
relative right frontal EEG women had lower dopamine levels during their second trimester and lower dopamine and
higher cortisol levels during the neonatal period. The newborns of the right frontal EEG mothers, similarly, showed
greater relative right frontal EEG and had lower dopamine levels. They also had lower serotonin levels, spent more
time in indeterminate sleep and had inferior Brazelton scores. A discriminant function analysis based on the mothers’
prenatal depression scores and biochemical measures correctly classified 74% of the women as greater relative right
or left frontal EEG group members.

6. Prenatal depression effects on the fetus

Prenatal depression also affects fetal activity (Dieter et al., 2001). In this study, pregnant women with (N=45) and
without (N=45) symptoms of depression (CES-D scores greater than 16) were given ultrasound examinations across
the second and third trimesters. Fetal movements (single limb, multiple limb, gross body) were recorded for 5 min prior
to a standard ultrasound examination. The analyses revealed that the fetuses of depressed women were more active at
5, 6 and 7 months gestation (see Fig. 2). These data suggested that fetal activity was affected by prenatal depression as
early as 5 months gestation.
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Fig. 2. Activity in fetuses of depressed and non-depressed mothers.
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Fig. 3. Hypothesized Model depicting the expected relationship between maternal depression (and anxiety), cortisol, norepinephrine and fetal
growth rate.
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Prenatal depression also affects fetal growth. A recently completed study conducted on a cross-sectional sample of
98 pregnant women and fetuses assessed the effects of prenatal depression on estimated fetal weight (Diego et al., 2006).
In this study, maternal biochemical data (cortisol and norepinephrine) and fetal growth measures were collected during
mid-gestation. Prenatal depression was negatively related to biparietal diameter, head circumference and estimated fetal
weight, even after the variance for gestational age had been partialed out. These findings are consistent with research
relating low birthweight to maternal depression (Field et al., 2004a; Hoffman & Hatch, 2000; Teitebaum, Bourdon &
Locke, 1990). Path analyses suggested that the prenatal depression effects on estimated fetal weight were mediated by
both prenatal cortisol and norepinephrine levels, with prenatal cortisol being the stronger variable (Diego et al., 2006).
To estimate the clinical significance of these findings, we calculated the percentage of fetuses of mothers with high
and low cortisol values whose estimated fetal weight fell below or above average for their respective gestational age.
These analyses revealed that a significant number of mothers with high cortisol values (84%) had fetuses with below
average estimated fetal weight.

Similar data were collected on a sample of 39 pregnant women and their fetuses/neonates (Diego, 2004). Maternal
depression was assessed using the Structured Clinical Inventory Diagnoses (SCID), and symptoms of depression and
anxiety were measured using the Center for Epidemiological Studies (CES-D) and State Anxiety Inventory (STAI).
Maternal urinary cortisol levels were also assayed, and fetal growth rate (grams/week) was estimated from the difference
between birthweight and estimated fetal weight over the difference in gestational age at birth and gestational age when
fetal weight was estimated. Analyses of variance revealed that fetuses of clinically depressed mothers had lower growth
rate than fetuses of non-depressed mothers (see Fig. 3).

Correlation analyses on the same data base suggested that prenatal depression and anxiety were comorbid, and
depression and anxiety were significantly related to prenatal cortisol. Regression analyses revealed that only cortisol
was a significant predictor of fetal growth rate, suggesting that the effects of maternal depression and anxiety on fetal
growth rate were mediated by cortisol.

These results led us to compare high and low cortisol groups (Field et al., 2006). Three-hundred depressed pregnant
women (M =20 weeks gestation) divided by a median split into high and low level urinary cortisol level groups. The
high cortisol group had higher CES-D depression scores and higher inhibition (BIS) scores prenatally. Their fetuses
had smaller head circumference, abdominal circumference, biparietal diameter and fetal weight. The high cortisol
group neonates were shorter gestational age and lower birthweight, and they had lower Brazelton habituation and
higher Brazelton reflex scores. Discriminant function analyses suggested that cortisol levels more accurately classified
short gestation and low birthweight groups than CES-D depression scores. These data highlighted the importance of
monitoring cortisol levels during pregnancy.

In a study by another group using a similar split on pregnancy cortisol, this time taken in late pregnancy, similar
outcomes were noted (de Weerth, Zijl, & Buitelaar, 2003). In this study, the infants were divided into two groups based
on their mothers’ late pregnancy cortisol values: (high or low). A trend was noted for the high cortisol group infants to
be delivered earlier than the low cortisol group infants. During behavior observations, the high cortisol group infants
showed more crying, fussing and negative facial expressions. Supporting these findings, the high cortisol mothers
reported more difficult temperament in their infants, especially during the first two months of life.

7. Potential underlying mechanisms

The effects of prenatal depression on fetal development appear to be mediated by elevated cortisol and nore-
pinephrine levels (Field et al., 2004a; Lundy et al., 1999). Depression in general has been associated with both
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hypothalamic pituitary adrenal (HPA) axis (i.e. elevated cortisol and corticotropic releasing hormone (CRH)) and sym-
pathoadrenal hyperactivation (i.e. elevated norepinephrine levels and cardiovascular function) (Arborelius, Owens,
Plotsky & Nemeroff, 1999; de Kloet, 2003).

Data from a wide range of animal and human studies indicate that maternal neuroendocrine function during preg-
nancy significantly affects fetal development. Animal models using mice, sheep and primates demonstrated that
glucocorticoid infusions led to decreased placenta size (Jensen, Gallaher, Breier, Harding, 2002), fetal growth restric-
tion (Jensen et al., 2002; Kutzler, Ruane, Coksaygan, Vincent & Nathanielsz, 2004) and premature delivery (Kutzler
et al., 2004). These effects resulted from both high doses of glucocorticoids administered over short periods of time
(Kutzler et al., 2004) and low doses chronically administered to the mother (Jensen et al., 2002). Further, glucocorticoid
infusions negatively affected the development of the lungs, heart, vasculature and brain (Jensen et al., 2002; Kutzler
et al., 2004). Elevated prenatal norepinephrine has been associated with preeclampsia (Kaaja et al., 1999), and low
birthweight (Field et al., 2004a) and may be related to fetal growth restriction (Bassett & Hanson, 1998).

Prenatal depression may affect fetal growth through complex pathways involving HPA axis and sympathoadrenal
dysregulation. Elevated maternal cortisol may affect fetal growth by both changing the placental environment and by
directly crossing the placenta (Jones, Brooks & Challis, 1989; Petraglia, Sutton & Vale, 1989). Elevated placental CRH
can also induce vasodilatation, resulting in uterine artery constriction and reduced blood flow to the fetus (Clifton et
al., 1994). Reduced blood flow to the fetus may, in turn, restrict oxygen and nutrient delivery and has been associated
with birth complications including prematurity (Tchirikov, Rybakowski, Huneke, Schoder & Schroder, 2002).

By midgestation, the release of placental CRH results in elevated maternal cortisol and elevated fetal cortisol by
directly crossing the placenta into the fetus (Gitau, Fisk, Teixeira, Cameron & Glover, 2001; Liu & Matthews, 1999).
Fetal exposure to elevated maternal cortisol may affect fetal growth by dysregulating fetal autonomic nervous system
activity (Omer, 1986) and mobilizing fetal energy stores via glycogenolysis (the conversion of glycogen to glucose),
resulting in a high degree of calorie expenditure. This process may be further affected by the prolonged exposure to
cortisol, leading to fetal HPA axis reprogramming and its effect on nervous system development (Liu & Matthews,
2001; Weinstock, 2001).

This pathway is supported by the strong association between maternal and fetal cortisol (Gitau, Cameron, Fisk &
Glover, 1998; Gitau Fisk & Glover, 2004), and by the relation between elevated maternal cortisol and both preeclampsia
(Hobel, Dunkel-Schetter, Roesch, Castro & Arora, 1999; Perkins et al., 1995) and premature delivery (Hobel et al.,
1999; Leung et al., 1999; Wadhwa, Porto, Garite, Chicz-DeMet, & Sandman, 1998). Research also suggests that
corticosteroid infusions to the mother result in up to a 25% reduction in fetal weight and associated reductions in
biparietal diameter, abdominal circumference and femur length (Jobe, Newnham, Willet, Sly & Ikegami, 1998). As
already mentioned, prenatally depressed mothers also have fetuses with elevated heart rates (Allister et al., 2001) and
with greater activity levels (Dieter et al., 2001), suggesting both physiological and physical hyperactivity.

A second potential pathway involves sympathoadrenal hyperactivation leading to the release of catecholamines
including norepinephrine. Unlike cortisol, norepinephrine has not yet been shown to cross the placenta
(Giannakoulopoulos, Teixeira, Fisk, & Glover, 1999). However, norepinephrine may affect the prenatal environment
via its effects on the cardiovascular system. Norepinephrine infusions, for example, result in increased arterial pressure
and uterine artery resistance and decreased uterine blood flow and fetal oxygenation (Clark, Irion & Mack, 1990;
Stevens & Lumbers, 1995). Norepinephrine is also related to uterine artery contractions (Stjernquist & Owman, 1990)
which restrict the flow of oxygen and nutrients to the fetus and result in fetal growth deprivation (Copper et al., 1996;
Omer, 1986).

8. Caveats or confounding variables

These prenatal depression data are confounded by moods that are comorbid with depression. Other prenatal moods
or emotions have been noted to differentially affect fetal and infant development including different types of depres-
sion called withdrawn versus intrusive depression, prenatal anxiety, prenatal anger and even combined optimism and
pessimism. Because many of these are comorbid with prenatal depression, the depression effects would appear to be
confounded.

Infants of withdrawn mothers are noted to perform less optimally on the Bayley scales at one year (Jones et al., 1997).
Their mothers’ prenatal profiles are different, as are their infants’ profiles. In a study conducted by our group (Field
et al., 2001), depressed mothers who could be classified as withdrawn or intrusive were compared with nondepressed
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mothers on their prenatal cortisol and catecholamine levels and on fetal activity and neonatal outcome variables. The
data suggested that the withdrawn mothers had lower dopamine levels during pregnancy, and their infants had lower
Brazelton scale scores. The infants of withdrawn mothers also had the highest cortisol levels and the lowest dopamine
and serotonin levels as well as asymmetrical EEG patterns.

Another confounding factor is that prenatal anxiety is often comorbid with depression. Anxiety during mid-
pregnancy has predicted lower mental and motor development scores at 8 months (Buitelaar, Huizink, Mulder, de
Medina, & Visser, 2003). In this study, cortisol levels in late pregnancy were negatively related to both mental and
motor development at three months and motor development at 8 months. In a study by the same group (Gutteling et al.,
2005) in the Netherlands, pregnancy stress was a predictor of restless/disruptive temperament and externalizing behav-
ior in 2-year-olds. High maternal anxiety levels during late pregnancy have also been associated with lower mental
development scores at the age of 2 years by another group in the Netherlands (Brouwers, van Baar, & Pop, 2001).

In a prenatal anxiety study by our group, one hundred sixty-six women were classified as experiencing high or low
anxiety during the second trimester of pregnancy (Field et al., 2003). The high anxiety women also had high scores
on depression and anger scales. In a follow-up across pregnancy, the fetuses of the high anxiety women were noted
to be more active and to experience growth delays. The high anxiety mothers’ high prenatal norepinephrine and low
dopamine levels were followed by their neonates having low dopamine and serotonin levels. The high anxiety mothers’
newborns also had greater relative right frontal EEG activation and lower vagal tone. Finally, the newborns of high
anxiety mothers spent more time in deep sleep and less time in quiet and active alert states and showed more state
changes and less optimal performance on the Brazelton neonatal behavior assessment scale (motor maturity, autonomic
stability and withdrawal).

In a data analysis on the same sample, the one-hundred and sixty-six women were classified as experiencing high or
low anger during the second trimester of pregnancy (Field et al., 2002a). The high-anger women also had high scores
on depression and anxiety scales. In a follow-up across pregnancy, the fetuses of the high-anger women were noted to
be more active and to experience growth delays. The high-anger mothers’ high prenatal cortisol and epinephrine and
low dopamine and serotonin levels were mimicked by their neonates’ high cortisol and low dopamine levels. The high-
anger mothers and infants were also similar on their greater relative right frontal EEG activation and their lower vagal
tone. The newborns of high-anger mothers had disorganized sleep patterns (greater indeterminate sleep and more state
changes) and less optimal performance on the Brazelton assessment (orientation, motor maturity and depression scales).

Prenatal optimism—pessimism combined also seems to be a factor (Devincent, 2002). Recent research suggests that
adverse effects of chronic prenatal maternal stress on birth outcomes may be due to underlying dispositions such as
optimism and pessimism that are associated with stress. In this large sample study (N=332), women high in both
optimism and pessimism were more likely to deliver preterm infants than women who were high in optimism but
low in pessimism. Possessing simultaneously positive and negative outlooks may have resulted in a state of cognitive
dissonance that led to negative emotional and physiological states.

Ethnicity also appears to have differential effects on the fetus. For example, African—Americans are noted to deliver
prematurely more than any other ethnic group. In a comparison between African—American and Hispanic pregnancies
(Field et al., 2002b), the Hispanic mothers were older, had a higher socioeconomic status (SES) and had higher prenatal
norepinephrine levels. Their fetuses were also more active. At the neonatal period they had higher anger scores, but
also higher serotonin levels, and their infants had higher dopamine and lower cortisol levels, and they spent less time
in deep and indeterminate sleep. A comparison in the same sample by middle/lower socioeconomic status (SES)
revealed that the middle SES group was older, had more social support and showed less depressed affect, but had
higher norepinephrine levels prenatally. At the postnatal period, the middle SES mothers had lower depression, anxiety
and anger scores and lower norepinephrine levels. Their infants also had lower norepinephrine levels, fewer postnatal
complications and were less excitable on the scale.

9. Prenatal interventions

Interventions are, of course, needed to help depressed mothers reduce their depression, anxiety and anger and
to provide medical, economic and social support. Psychotropic medications have been tried with mixed results. A
very large literature has debated the efficacy of psychotropic medications for prenatal depression. Although some
have concluded no efficacy (Gentile, 2005; Misri et al., 2004), others have reported negative effects on the neonates
including lower Apgar scores and lower Bayley developmental scores (Casper et al., 2003).
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Stress reduction therapies for depressed pregnant women have led to lower depression scores, less negative affect
and lower cortisol levels (Urizar et al., 2004). Other therapies that have been effective include massage therapy (Field
et al., 2004d) and acupuncture (Manber, Schnyer, Allen, Rush & Blassey, 2004). Following acupuncture treatments,
depression scores were reduced in pregnant women. Following massage therapy provided by the pregnant woman’s
significant other, the women had lower levels of anxiety and depressed mood and less leg and back pain (Field et al.,
2004d). In addition, by the end of the study, they had higher dopamine and serotonin levels and lower levels of cortisol
and norepinephrine. These changes may have contributed to the reduced fetal activity and the better neonatal outcome
for the massage group. Fewer infants were born prematurely (0% in the massage group versus 17% in the control
group), fewer were born low birthweight and the massage group newborns had better performance on the Brazelton.

10. Summary

A review of the research on prenatal depression effects on the fetus and newborn suggest that many prenatal,
perinatal and postnatal complications occur. In addition, fetal activity is elevated, prenatal growth is delayed, and the
incidence of prematurity and low birthweight are greater. Elevated prenatal maternal cortisol is the strongest predictor
of these neonatal outcomes. Newborns of depressed mothers show a biochemical and physiological profile that mimics
their mothers’ prenatal biochemical/physiological profile including elevated cortisol, lower levels of dopamine and
serotonin, greater relative right frontal EEG activation and lower vagal tone. Other mood states including anxiety and
anger compound these effects. But little is known about the cause of the anxiety, anger, and depression which could
differentially affect the neuroendocrine response to prenatal stress. Genetic factors and gene-environment interactions
also need to be studied for their effects. Although moderate pressure massage can alleviate these effects including
reducing prematurity and low birthweight, potential underlying mechanisms need to be further explored.
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