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Maternal stress and anxiety during pregnancy are related to negative developmental outcomes for off-
spring, both physiological and psychological, from the fetal period through early adolescence. This robust
relationship is likely to be partly explained by alterations in fetal neurodevelopmental programming,
calling for further examination of neurophysiologically-based cognitive markers that may be related to
the altered structure-function relationships that contribute to these negative developmental outcomes.
The current investigation examined the relationship between perinatal maternal anxiety and neonatal
auditory evoked responses (AERs) to mother and stranger voices. Results indicated that neonates of
low-anxiety mothers displayed more negative frontal slow wave amplitudes in response to their
mother’s voice compared to a female stranger’s voice, while neonates of high-anxiety mothers showed
the opposite pattern. These findings suggest that neonates of perinatally anxious mothers may demon-
strate neurophysiologically-based differences in attentional allocation. This could represent one pathway
to the negative psychological outcomes seen throughout development in offspring of anxious mothers.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

A number of prospective studies have demonstrated associa-
tions between maternal anxiety or stress during pregnancy and
unfavorable cognitive, behavioral, and emotional outcomes for off-
spring, with follow-up periods ranging from birth to adolescence
(Van den Bergh, Mulder, Mennes, & Glover, 2005). Dysregulation
of maternal physiological stress response systems, particularly
the hypothalamic-pituitary-adrenal (HPA) axis, during critical
periods of fetal development is hypothesized to contribute to this
generalized susceptibility to negative psychological outcomes
(Huizink, Mulder, & Buitelaar, 2004), with alteration of normal fe-
tal brain development as one potential pathway (O’Connor et al.,
2005). Supporting this contention, subjective reports of elevated
maternal stress and anxiety during pregnancy are associated with
negative neurodevelopmental outcomes across offspring develop-
ment, including poorer mental and motor development among in-
fants and toddlers (Huizink, Robles de Medina, Mulder, Visser, &
Buitelaar, 2003), attention and concentration difficulties among
children (Gutteling et al., 2006; O’Connor, Heron, Golding, Bever-
idge, & Glover, 2002; Van den Bergh & Marcoen, 2004), as well as
increased impulsivity and lower intelligence scores (Van den
Bergh, Mennes, Oosterlaan et al., 2005), poorer sustained attention
(Van den Bergh, Mennes, Stevens et al., 2005) and decreased cogni-
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tive control (Mennes, Stiers, Lagae, & Van den Bergh, 2006) among
adolescents. These cognitive difficulties may be related to dysfunc-
tion of frontal cortex and related neural circuits (Mennes et al.,
2006; Van den Bergh, Mennes, Oosterlaan et al., 2005; Van den
Bergh, Mennes, Stevens et al., 2005).

In addition to demonstrating a relationship with cognitive func-
tioning, prospective studies have also documented effects of
maternal anxiety on the neurophysiological functioning of off-
spring, with evidence suggesting that these effects may also be
long-term. As examples, Field et al. (2003) reported associations
between elevated maternal anxiety during the second trimester
of pregnancy and lower dopamine and serotonin levels, greater
right frontal EEG activation, and lower vagal tone in neonates,
while O’Connor et al. (2005) demonstrated that maternal subjec-
tive anxiety in late pregnancy was positively associated with sali-
vary cortisol levels among 10-year-old children. In light of this
evidence, some have called for examination of specific “marker
tasks” and utilization of neuroimaging techniques in order to iden-
tify specific “structure-function” relationships that may underlie
observed relationships between maternal anxiety or stress during
pregnancy and negative psychological outcomes in offspring (e.g.,
Van den Bergh, Mulder et al., 2005, p. 251). Thus, the present study
addresses this need by examining the relationship between perina-
tal maternal anxiety and neonatal auditory evoked responses
(AERs). We are not aware of any published investigations to date
that have examined this relationship specifically.

One advantage of using AERs is that they provide excellent tem-
poral resolution in the examination of neural responses to the
environment. Moreover, they are particularly useful for studying
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neurocognitive functioning in neonates because they do not re-
quire an overt behavioral response. During the first year of life,
the AER shows a prominent early positive amplitude peak (often
referred to as P2) at about 300 ms. While some investigators have
treated this peak as a unitary phenomenon occurring between
150-300 ms (Little, Thomas, & Letterman, 1999) or 150-400 ms
(deRegnier, Nelson, Thomas, Wewerka, & Georgieff, 2000; Siddap-
pa et al., 2004), it is more likely to be composed of two separate
components, P150 (occurring between 50-250ms) and P350
(occurring between 250-400 ms; Kushnerenko et al., 2001). Infants
also demonstrate a prominent negative peak following this positiv-
ity occurring between 350-600 ms (i.e., N450; Kushnerenko et al.,
2001). Relatively little is known about the functional significance
or the neuroanatomical generators of these peaks in infancy be-
yond fairly generalized assumptions that they represent obligatory
cortical responses related to stimulus detection and processing
(Kushnerenko et al., 2001; Little et al., 1999).

These AER components have been examined in the first months
of life as indicators of the degree of attentional allocation given to
maternal vs. stranger voices. This work stems in part from behav-
ioral data suggesting that newborns are familiar with and prefer
their mother’s voice, given that they orient to the sound of their
mother’s voice within the first 2 weeks of life (Hammond, 1970),
discriminate their mother’s voice from that of strangers (Hepper,
Scott, & Shahidullah, 1993), and prefer their mother’s voice to an-
other female voice (DeCasper & Fifer, 1980), presumably due to
familiarity with her voice developed from intrauterine exposure
(DeCasper, Lecanuet, Busnel, Granier-Deferre, & Maugeais, 1994;
DeCasper & Spence, 1986). With respect to AERs, greater
attentional allocation to the mother’s voice compared to a female
stranger’s voice has reportedly been demonstrated in healthy 4-
month-old infants in the form of greater processing negativity after
about 350 ms in response to her voice (i.e., lower P350 amplitude,
as measured between 250-400 ms, and greater N450 amplitude, as
measured between 350-600 ms; Purhonen, Kilpeldinen-Lees, Val-
konen-Korhonen, Karhu, & Lehtonen, 2004). These differences
were reported to be greatest over frontocentral scalp locations
(Fz, Cz, C3 and C4 of the international 10-20 system).

This mother-stranger voice paradigm has also been used to
study newborns (38-42 weeks postmenstrual age) of diabetic
mothers, a population with increased risk for negative neurodevel-
opmental outcomes (deRegnier et al., 2000; Siddappa et al., 2004).
The investigators examined a P2 component defined as the most
positive peak between 150-400 ms (measured at Fz and Cz). For
this peak, which was maximal before 300 ms, the mother’s voice
elicited a more positive P2 amplitude with a longer latency than
did the stranger’s voice in both healthy controls and offspring of
diabetic mothers (deRegnier et al., 2000). In another sample com-
posed of only infants of diabetic mothers, however, no P2 ampli-
tude differences were observed in response to the mother’s voice
as compared to a stranger’s voice (Siddappa et al., 2004). In both
studies, the stranger’s voice elicited greater negative slow wave
activity across the waveform than the mother’s voice. This slow
wave response was attenuated in newborns of diabetic mothers
compared to healthy controls (deRegnier et al., 2000) and in new-
borns of diabetic mothers with brain iron deficiency compared to
those without evidence of such deficiency (Siddappa et al., 2004).

Overall, the above studies of neonate and infant AERs to mother
and stranger voices suggest that this paradigm may have utility in
detecting neurophysiological dysfunction in offspring related to
maternal health during pregnancy. Unfortunately, findings have
been somewhat inconsistent with respect to expected AER patterns
for the early peaked components. Specifically, Purhonen et al.
(2004) found that the mother’s voice elicited a lower amplitude
P350, while others showed higher amplitude to the mother’s voice
(deRegnier et al., 2000) or no mother vs. stranger-evoked ampli-

tude differences (Siddappa et al., 2004) for P2, an AER component
that overlaps with P350. As mentioned previously, the more
broadly defined P2 has been reported to consist of both an earlier
P150 as well as the later P350 examined by Purhonen et al. (2004).
Therefore, examination of these peaks individually would appear
to be useful in understanding normal and abnormal AER responses
in this paradigm. In addition to considering peaked components,
the previous studies also suggest the importance of considering
broader slow wave differences potentially related to maternal
anxiety.

In summary, offspring of mothers who experience elevated anx-
iety and stress during pregnancy evidence increased risk for nega-
tive neurodevelopmental outcomes across the developmental
span. In order to further elucidate potential mechanisms of associ-
ation between maternal anxiety and negative psychological out-
comes for offspring, it becomes important to examine
biologically-based markers that may underlie these associations
at the earliest stages of life. Newborn AERs to maternal vs. stranger
voices may provide such a marker. The current investigation aimed
to further explore the newborn AER to mother and stranger voices,
as well as to identify potential differences related to maternal
anxiety.

2. Methods
2.1. Participants

Subject recruitment and data collection occurred in the mater-
nity ward of a private hospital located in Louisville, Kentucky. A to-
tal of 63 mothers consented to participation in the study. Thirteen
mother-neonate dyads were excluded because the mother re-
ported tobacco smoking during pregnancy. An additional 11 were
excluded because the neonate was restless or distressed during
data collection, resulting in termination of the testing session or
rejection of the data due to excessive artifacts. Finally, another
11 dyads were excluded due to miscellaneous circumstances
including neonate unavailability (e.g. phototherapy or circumci-
sion), a mother’s decision not to continue participation, and an
examiner being ill on the day of a scheduled testing session, leav-
ing a final retained sample of 28 mother-neonate dyads. Descrip-
tive statistics are discussed in detail below.

2.2. Materials

2.2.1. Maternal self-report

Mothers completed the Beck Anxiety Inventory (BAI; Beck &
Steer, 1990). The BAI is a widely used self-report measure of anxi-
ety severity that consists of 21 symptoms that are rated on a 0-3
point scale, indicating whether the symptoms were “not present”
to “severe” over the past week. The BAI demonstrates high internal
consistency and test-retest reliability, and differentiates anxiety
from depression in clinical and non-clinical samples (Beck & Steer,
1991; Creamer, Foran, & Bell, 1995). The BAI manual (Beck & Steer,
1990) suggests the following classifications based on BAI total
score: minimal anxiety (0-7), mild anxiety (8-15), moderate anx-
iety (16-25), and severe anxiety (26-63), with mean scores for
clinically anxious samples falling in the moderate to severe ranges.
There has been debate as to whether the BAI better measures panic
than more generalized anxiety (Cox, Cohen, Direnfeld, & Swinson,
1996a, 1996b; Steer & Beck, 1996). While BAI scores do tend to
be higher in panic disorder with agoraphobia (M = 27.27) and with-
out agoraphobia (M = 28.81), elevated scores are also observed in
generalized anxiety disorder (M =18.83), obsessive-compulsive
disorder (M = 21.69) and social phobia (M = 17.77) samples (Beck
& Steer, 1990). Further, the BAI is superior to other instruments
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in discriminating anxiety from depression (Creamer et al., 1995)
and includes DSM-IV symptoms of both panic and generalized
anxiety disorders (Steer & Beck, 1996). Mothers were divided into
low-anxiety and high-anxiety groups based on BAI total score as
discussed further below.

2.2.2. Maternal voice samples

Mothers’ voices were recorded bedside the evening before neo-
nate testing on an Apple G-2 laptop computer, with a Telex M-560
external microphone. Sound Edit 16, Version 2 software was uti-
lized for recording and editing the sound samples. The experi-
menter modeled pitch, tone, meter, and loudness for enunciation
of the stimulus words, “bidu” and “gibu.” The participant was then
asked to speak each sound into the microphone repeatedly until a
sample of adequate volume, with a sharp onset and offset was ob-
tained. The sound was then edited to a length of 595 ms.

2.2.3. Electroencephalography

Electrical Geodesics’ EGI System 200 (Electrical Geodesics,
2001) was utilized in the collection of EEG data. This system in-
cludes a Geodesic Sensor Net consisting of 129 silver/silver chlo-
ride plated carbon pellet electrodes, each surrounded by a
sponge and set inside a plastic pedestal. Before application, nets
were soaked in an electrolyte solution consisting of warm distilled
water (1L), powdered potassium chloride (8.5 g), and Johnson’s
Baby Shampoo (.5 cc). The scalp’s central vertex (Cz) served as a
reference against which electrical activity was recorded at the
remaining 128 electrode sites. Filters were set to pass frequencies
between 0.1 and 30 Hz.

2.3. Procedures

2.3.1. Data collection

Following attainment of written informed consent and record-
ing of voice samples, mothers were provided with self-report ques-
tionnaires to be collected by the examiner following neonate
testing the next morning. Neonate electrophysiological testing oc-
curred in a quiet room within the nursery without the mother
present. Sound levels of the auditory stimuli were set at 80 dB
SPL (A). Data collection began when the neonate was in a quiet,
awake state and scalp-electrode impedances fell at or below
40 kQ. Stimuli were presented from an external computer speaker
positioned approximately 1 m above the midline of the neonate’s
head. If the neonate became physically active, data collection
was temporarily suspended until he or she returned to baseline.
If the neonate was judged to become unduly distressed or could
not be soothed, data collection was terminated. Stimulus presenta-
tion consisted of 120 trials, 30 trials of the neonate’s mother saying
“bidu,” 30 trials of a stranger saying “bidu,” 30 trials of the mother
saying “gibu,” and 30 trials of the stranger saying “gibu.” The stim-
uli were presented in a randomized order with a random inter-
stimulus interval ranging from 1500-2300 ms. The stranger voice
used for each neonate was the voice of the previous mother in
the sample.

2.3.2. ERP derivation

Each neonate’s electrophysiological data were segmented into
1000 ms segments consisting of a 100 ms pre-stimulus baseline
and 900 ms of data post-stimulus. The voltages recorded during
these segments were then re-referenced to an average reference.
Automated artifact rejection procedures were conducted using
Net Station’s Artifact Detection tool. Trials that contained more
than 10 bad channels (e.g. faulty electrode or interrupted transmis-
sion) or yielded voltage changes consistent with eye-blink or mus-
cle movement were excluded from analysis. This resulted in an
average of 9% of trials being rejected per participant. There were

no significant differences in rejection rates between neonates of
low-anxiety and high-anxiety mothers, {(26) =.236, p =.815. If an
electrode channel was identified as bad for 10% or more of the tri-
als for an individual neonate, data from that channel were replaced
with an interpolated value from surrounding electrodes for the tri-
als retained.

Data were baseline corrected by subtracting the average of all
samples in the 100 ms pre-stimulus segment from each sample
in the 900 ms post-stimulus segment to correct for any baseline
variations between electrode channels and trials prior to stimulus
onset. Each neonate’s data were averaged within two electrode
clusters of interest (frontal and central) and two experimental con-
ditions (mother voice and stranger voice). P150 was measured as
the most positive peak between 50-150 ms, P350 was measured
as the most positive peak between 250-400 ms, and N450 was
measured as the most negative peak between 350-600 ms. Slow
wave activity was calculated by averaging the amplitudes across
the waveform (stimulus onset to 900 ms) in response to mother
and stranger voices, respectively, for each electrode cluster.

2.4. Statistical analyses

Demographic and health-related variables were compared be-
tween the low-anxiety and high-anxiety groups using independent
samples t-tests and chi-square analyses for continuous and cate-
gorical variables respectively. Using anxiety group as a between
subjects factor, repeated measures ANOVAs were conducted for
ERP peak amplitude and latency as well as slow wave amplitude,
with condition (maternal vs. stranger voice) and electrode cluster
(frontal vs. central electrode cluster) serving as within subjects fac-
tors. Significant main effects were explored post-hoc with t-tests.
Significant three-way interactions were graphed and interpreted
based on visual inspection as discussed further below.

3. Results
3.1. Descriptives

Maternal BAI total scores ranged from 2 to 49, with a mean of
15.29 (SD =11.98), indicating that, on average, mothers reported
experiencing mild levels of anxiety. They were divided into low-
anxiety and high-anxiety groups based on BAI total score, with
15 (highest level of “mild” anxiety as reported in test manual) serv-
ing as the dividing score. This yielded 17 low-anxiety and 11 high-
anxiety mothers. BAI total score was significantly higher in the
high-anxiety group (M = 25.82, SD = 12.54) than in the low-anxiety
group (M=8.47, SD=4.27; t(26)=-5.295, p<.001). The mean
scores for each of these groups were consistent with expectation
for anxiety disordered and non-anxious groups, respectively. As
seen in Table 1, low-anxious mothers were slightly older, had
delivered more children, and generally had higher income levels.
As seen in Table 2, neonates of high-anxious mothers had signifi-
cantly longer gestational periods although this difference was not
clinically significant.

3.2. AER amplitude

A significant condition x electrode cluster x group interaction
was observed for both P150 amplitude, F(1, 26) = 4.986, p =.030,
and P350 amplitude, F(1, 26) = 4.620, p = .041. For the N450 ampli-
tude, there was a significant main effect for electrode cluster,
F(1,26)=6.575, p=.016, as N450 was larger for the frontal than
the central electrode cluster, t(27)=—2.824, p=.009. The three-
way (condition X electrode cluster x group) interaction was only
marginally significant for N450, F(1, 26) = 3.142, p =.088. Table 3
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Table 1
Maternal descriptives by group.
High-anxious Low-anxious t/x?
Age
M (SD) 21.54 (2.42) 27.11 (6.85) 2,579
Parity
M (SD) 64 (.67) 1.94 (1.64) 2.495°
Ethnicity .015
African 8 12
American
White (non-hispanic) 3 5
Marital status® 2.365
Married 1 6
Single 9 10
Education 1.769
<12 6 5
>12 5 12
Family income 6.039"
< $35,000 11 10
>$35,000 0 7
Handedness® .689
Right 8 12
Left 3 4
‘p<.05

2 Missing data on 2 participants.
b Missing data on 1 participant.

" p<.05.
Table 2
Neonatal descriptives by group (based on maternal anxiety grouping).
High-anxious Low-anxious t/?
Gestational age (weeks)
M (SD) 39.82 (.60) 39.06 (.899) —2.458"
Five minute APGAR
M (SD) 9.00 (.000) 9.06 (.243) 799
Birthweight (grams)
M (SD) 3580.00 (270.52) 3364.12 (497.68) -1.313
Sex 480
Male 6
Female 5 10
Type of delivery 2.426
C-section 2 8
Vaginal 9 9
" p<.05.

presents means and standard deviations for these peaks, demon-
strating that neonates of low-anxiety mothers consistently demon-
strated more negative frontal AERs in response to their mother’s
voice compared to the stranger’s voice. Neonates of high-anxiety
mothers, in contrast, show the opposite pattern for the frontal elec-
trode cluster. This finding is also illustrated in Fig. 1, which pre-
sents grand average frontal AERs for each group and condition.
No consistent group differences involving the central electrode
cluster were evident, as both groups appeared to demonstrate a

Table 3
Mean AER peak amplitudes (and standard deviations) for neonates of low-anxiety and
high-anxiety mothers. Unit of measurement is microvolts.

Peak Cluster Low-anxiety High-anxiety
Mother Stranger Mother Stranger
P150 Frontal .50 (1.79) 1.18 (1.41) 1.39 (1.78) .61 (1.58)
Central 1.02 (1.18) 1.02 (.81) .96 (.78) 1.23 (.72)
P350 Frontal .70 (2.74) 1.80 (1.95) 2.34 (2.18) 1.28 (2.89)
Central 1.24 (1.42) 1.39 (1.04) 1.48 (.87) 1.81 (.66)
N450 Frontal —2.09 (3.05) —-1.06 (3.20) .10 (2.26) —1.20 (3.26)
Central —-.16 (1.15) .37 (1.08) .10 (1.34) .51 (.57)

more negative or equal AER to their mother’s voice compared to
the stranger’s voice.

The highly similar findings across all peaks suggested that a
slow wave may better account for the observed findings rather
than the individual peaks. Consistent with the peak analyses, a sig-
nificant three-way (condition x electrode cluster x group) interac-
tion was observed for the slow wave, F(1, 26) = 6.745, p = .015. This
effect remained significant when controlling for maternal age, in-
come, and parity, F(1,23)=8.658, p =.007. Neonates of low-anxi-
ety mothers exhibited more negative frontal slow waves to their
mother’s voice compared to the stranger’s voice. Again, neonates
of high-anxiety mothers showed the opposite pattern as the re-
sponse to the mother was more positive than the response to the
stranger over the frontal cluster (Fig. 2). Using frontal slow wave
amplitudes as a covariate, the individual peak effects discussed
above were no longer significant.

4. Discussion

Maternal anxiety during pregnancy is associated with negative
neurodevelopmental outcomes for offspring, and AERs may pro-
vide a useful tool to measure neurophysiologically-based corre-
lates of these developmental abnormalities during early life. The
AER paradigm adopted for the current investigation involved mea-
suring neonatal AERs to maternal vs. female stranger voices. Re-
sults suggest that neonates whose mother’s perinatal anxiety
levels fall within normal limits demonstrate more negative frontal
AER slow wave activity to their mother’s voice compared to a
stranger’s voice. This is consistent with a report from Purhonen
et al. (2004) that greater processing negativity (lower P350 and
greater N450) in response to the mother’s voice compared to a
stranger’s voice reflects the expected greater attentional allocation
given to her voice in healthy 4-month-old infants. These authors
suggested that such heightened attention to the mother may con-
tribute to “developing and strengthening an emotional tie between
the infant and its mother” that is important for healthy develop-
ment (p. 265).

In contrast to the low-anxiety group, the neonates of high-anx-
iety mothers did not demonstrate this greater frontal AER negativ-
ity to the mother’s voice. In fact, they appeared to show the
opposite pattern. The implications of this finding are not entirely
clear given ambiguities about the nature of infant AERs. Differences
in attentional allocation may be implicated which would be impor-
tant as attentional control processes are crucial to an infant’s abil-
ity to maintain homeostasis (Wilson & Gottman, 1996).
Disruptions in this cognitive mechanism could be related to the
developmental difficulties seen in offspring of anxious mothers.
Supporting this contention, offspring of prenatally anxious moth-
ers have demonstrated difficulties in attention and self-regulation
into adolescence (Van den Bergh, Mennes, Stevens et al., 2005).

It should be noted, however, that other researchers have opera-
tionalized similar neonatal AER components as reflecting auditory
recognition memory (deRegneir et al., 2000; Siddappa et al., 2004).
This highlights the uncertainty that exists around what cognitive
or affective processes are implicated in neonatal AER components.
There is also inconsistency with regard to directionality of the ex-
pected difference between responses to maternal and stranger
voices. Our results are consistent with Purhonen et al. (2004) in
suggesting that the mother’s voice generates a greater negativity,
although the other above mentioned group (deRegneir et al.,
2000; Siddappa et al., 2004) has presented work to suggest the
opposite pattern. Replication is clearly needed to further address
this disparity.

In contrast to previous investigations of the impact of maternal
anxiety during pregnancy on offspring, the current study utilized a
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Fig. 1. (a and b) Grand average AERs for neonates of low-anxiety and high-anxiety mothers in response to mother (dashed line) and stranger (solid line) voices for frontal
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Fig. 2. Average frontal and central AER slow wave amplitudes for neonates of low-anxiety (dashed line) and high-anxiety (solid line) mothers.

perinatal rather than a strictly prenatal anxiety measurement. This
measurement sampled anxiety during the final week and 1-2 days
immediately following the birth. This is not necessarily reflective
of the mothers’ baseline levels of anxiety, and longitudinal mea-
surements across the gestational period may have revealed differ-
ent associations with neonatal AERs. In fact, there has been some
speculation in the literature that there are certain critical periods
during pregnancy when the influence of maternal anxiety has the
greatest impact. For example, Van den Bergh and Marcoen (2004)
reported that maternal anxiety at 12-22 weeks gestation was a
significant predictor of negative child outcomes while anxiety at
32-40 weeks was not; in contrast, O’Connor et al. (2002) reported
that anxiety at 32 weeks gestation was an important predictor (see
Van den Bergh, Mulder et al., 2005 for a further review). It is likely
that anxiety is fairly stable across the pregnancy period (Heron
et al., 2004), and thus the relationship observed in the current
study may be due to physiological changes that occurred earlier
in the fetal period. Further work is certainly needed to address this
area of debate, and the current study suggests the importance of
continued consideration of anxiety during later stages of
pregnancy.

High-anxiety mothers in the current sample had levels of dis-
tress comparable to anxiety-disordered samples. Also interesting,
however, they had some important demographic differences when
compared to low-anxiety mothers which may have partly ex-
plained their level of elevated anxiety. Specifically, they were
slightly younger, had delivered fewer children, and had lower
household income levels. In addition to being anxiogenic to the
mother, these factors could also have a more direct role in impact-
ing the developing fetus. For example, lower socioeconomic status
has been identified as an independent risk factor for neonatal
encephalopathy in full-term newborns (Blume, Loch, & Li, 2007).
While this relationship could be explained by a host of related vari-

ables, such as differences in health care access, the current findings
support the role of maternal anxiety as an important contributor.

The offspring of high and low-anxiety mothers in the current
sample had equivalent outcomes on major obstetric variables,
including birth weight, APGAR score, and type of delivery. High-
anxiety mothers did have slightly shorter gestational periods,
although all pregnancies were within the normal range on this var-
iable. Failure to find more striking differences on such variables
could be due to inadequate power or selection criteria which ex-
cluded unhealthy neonates. However, the findings are consistent
with previous population-based studies which have shown no sig-
nificant relationship between maternal anxiety and negative deliv-
ery outcomes (Andersson, Sundstrém-Poromaa, Wulff, Astrém, &
Bixo, 2004; Perkin, Bland, Peacock, & Anderson, 1993).

The current study did not correlate AER variables of interest
with objective measures of neonate behavior. A number of other
studies in older infants and young children have utilized such
methodologies, demonstrating that electrophysiological markers
are related to important behavioral constructs such as behavioral
inhibition (Bell & Fox, 1992; Buss et al., 2003; Davidson & Fox,
1989; Gunnar & Nelson, 1994). In neonates, greater relative right
frontal EEG activity has been positively associated with more dis-
turbed sleep/wake behavior and negatively associated with perfor-
mance on the Brazelton Neonatal Behavioral Assessment (Field,
Diego, Hernandez-Reif, Schanberg, & Kuhn, 2002). Future investi-
gators may wish to explore associations between such behavioral
markers during infancy and differences in the AER components uti-
lized in the current study.

A final limitation of the current study is the relatively small
sample size, which may have limited the ability to detect some
important group differences. While the findings should therefore
be interpreted cautiously until they can be replicated, they do
point to potential differences in cognitive processing that are
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present at birth as a consequence of elevated maternal anxiety.
This adds to a growing body of evidence that elevated maternal
anxiety during pregnancy has negative implications for the devel-
opment of offspring which may be partly due to alterations in neu-
rodevelopment. Further investigation in this realm could improve
our understanding of specific pathways to the negative psycholog-
ical outcomes seen in offspring of anxious mothers. The use of lon-
gitudinal designs and the consideration of constitutional-
environmental interactions will be important in advancing this
literature.
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