Fetal Heart Rate Reactivity Differs by Women’s
Psychiatric Status: An Early Marker for
Developmental Risk?
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ABSTRACT
Objective: To determine whether there are differences in fetal heart rate (FHR) reactivity associated with women’s
psychiatric status. Method: In 57 women in their 36th to 38th week of pregnancy (mean age 27 + 6 years), electro-
cardiogram, blood pressure (BP), respiration (RSP), and FHR were measured during baseline and a psychological
challenge (a Stroop color-word matching task). Subjects underwent the Structured Clinical Interview for DSM-1V (SCID)
and completed the Spielberger State—Trait Anxiety Inventory prior to testing. Results: There was a significant main
effect of maternal diagnostic group on FHR reactivity during the Stroop task even after controlling for birth weight and
women’s BP reactivity (F, 4, = 2.68, p = .04). Fetuses of depressed women had greater heart rate increases compared
to fetuses of women with anxiety disorders and those of healthy, low-anxiety women (post hoc comparisons using the
Fisher protected least significant difference test; t = 4.12, p < .05; t = 4.72, p < .01, respectively). There was a similar
pattern comparing fetuses of healthy, high-anxiety women to the same two groups (t = 3.29, p < .05; t= 3.99, p < .05,
respectively). There were no group differences in FHR during a resting baseline period (F, 5, = 1.2, p = .35). Conclu-
sions: Maternal mood disturbance is associated with alterations in children’s physiological reactivity prior to birth. J. Am.
Acad. Child Adolesc. Psychiatry, 2004;43(3):283—290. Key Words: antenatal depression, antenatal anxiety, fetal heart

rate.

A significant risk factor for developing emotional dis-
turbances is having a parent with a serious psychiatric
illness (Nomura et al., 2002). Recent studies demon-
strate that the association between parental psychopa-
thology and early indications of alterations in
neurobehavioral development reflecting less adaptive
regulatory capacities can be identified in toddlers, and
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even newborns (Dawson et al., 2001; Lundy et al.,
1999). Moreover, new research indicates that stress and
anxiety during pregnancy are linked to differences in
fetal heart rate (FHR) and movement activity that may
have implications for future emotion regulation (DiPi-
etro et al., 2000; Groome et al., 1995; Monk et al.,
2003). Depression, one of the most common psychi-
atric illnesses, affects nonpregnant and pregnant
women at a comparable rate of approximately 1 out of
every 10 women (Llewellyn et al., 1997). The delinea-
tion of fetal neurobehavioral profiles associated with
women’s depression, as well as with other disorders, has
significant implications for psychiatric treatment dur-
ing pregnancy and for the conceptualization and treat-
ment of child psychopathology; this approach also
extends into the prenatal period the developmental per-
spective used in child psychiatry.

For the limited research on pregnant women’s emo-
tional states in relation to fetal behavior, life stress has
been a focus. Fetuses of pregnant women who report
greater life stress have reduced parasympathetic and/or
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increased sympathetic activation as measured by re-
duced fetal heart rate variability; measures of heart rate
variability are used as noninvasive indices of cardiac
autonomic modulation linked in children and adults to
less adaptive affect regulation (Bazhenova and Porges,
1997; DiPietro et al. 1996a; Sloan et al., 1994). More-
over, fetuses of highly stressed mothers, who also have
faster baseline heart rate (HR), show delayed matura-
tion of the coupling of FHR and movement, which is
hypothesized to reflect less mature central nervous sys-
tem development (DiPietro et al., 1996b). Low socio-
economic status, which often is accompanied by
heightened levels of life stress, is associated with higher
and less variable FHR throughout the second and third
trimesters (Pressman et al., 1998). Finally, elevated
stress during pregnancy and in particular stress specific
to being pregnant, as well as having an intense emo-
tional style, are associated with greater fetal reactivity
assessed at three time points during gestation (DiPietro
et al., 2002).

To date, there are only a few published studies ex-
amining fetal behavior in women with anxiety, and
even fewer with depressive symptoms. Fetuses of more
highly anxious women were found on ultrasound ex-
amination to move less often during active sleep and
overall to spend more time in a quiet sleep state
(Groome et al., 1995). One other report found that
state anxiety among pregnant women was associated
with increased fetal movement (Field et al., 1985).
However, this study was based on maternal report of
fetal movement, which is less reliable than ultrasound.
On the other hand, when examining a subset of fetuses
who entered a state with an active, unstable HR, the
more anxious the mother, the longer the time fetuses
spent in that state (Sjostrom et al., 2002). There also
are differences in FHR responses related to women’s
anxiety status. Fetuses of highly anxious women show
an HR increase during women’s exposure to psycho-
logical stress, while fetuses of low-anxiety women do
not exhibit an HR change (Monk et al., 2000, 2003).
In response to a vibroacoustic stimulation, fetuses of
women reporting elevated levels of depression are
slower to return to baseline HR (Allister et al., 2001).

These findings suggest that alterations in neurobe-
havioral functioning related to poor maternal mood
regulation may be identified as early as the in utero
period. However, all of these studies have assessed
women’s moods based on brief, self-report measures.
None has used psychiatric interviews that can distin-
guish between subsyndromal symptoms and illness. In

284

an era when more and more women and physicians are
weighing the risks and benefits of pharmacological
treatment during pregnancy, it is necessary to uncover
any possible effects of untreated maternal mood disor-
ders on fetal behavior. In this research, we investigated
associations between a maternal anxiety disorder (AD)
or depression and alterations in FHR reactivity. Spe-
cifically, we screened pregnant women for mood dis-
orders and collected cardiovascular and FHR data
while the women underwent a standardized laboratory
challenge paradigm. We hypothesized (1) that during
the challenge period, there would be differences in
FHR responses related to pregnant women’s psychiat-
ric status and (2) that the maternal diagnostic group
differences in FHR reactivity would be statistically in-
dependent of other correlates of FHR, such as women’s
acute cardiorespiratory reactivity assessed during the
same period.

METHOD

Subjects

Through posted announcements and signs in obstetricians™ of-
fices, 64 pregnant, nonsmoking women with singleton fetuses rang-
ing in gestational age from 33 to 39 weeks were recruited at the
Columbia-Presbyterian Medical Center (CPMC). Women were ex-
cluded from the study if there were any maternal or fetal compli-
cations, including hypertension, diabetes mellitus, suspected fetal
growth restriction, or a fetal structural anomaly on ultrasound.
None of the subjects reported drinking more than two glasses of
wine throughout the entire pregnancy. Fifty-nine percent of the
sample were Latina, 23% were white, 11% were African American,
and 7% were Asian or Dominican Indian. For all subjects, English
was the primary language. The mean maternal age was 27 = 6 years.
Fifty-four percent of the sample had completed either high school
or 2 to 4 years of college. Thirty-seven percent of the women were
married and 32% of them were cohabiting; 49% were primiparas;
52% were working outside the home at least half-time. Because this
sample was drawn from an urban hospital and included physicians
and support staff as well as patients, there was a large range for
average annual family income: 36% of the sample reported an
annual income of $0 to $15,000; 11% reported $16,000 to
$25,000; 25% reported $26,000 to $50,000; 14% reported
$51,000 to $90,000; and 15% reported over $100,000. This study
was approved by the CPMC institutional review board. Informed
consent was obtained from each subject.

At the time of testing the average gestational age was 36 weeks
(SD = 1 week, range 33-39 weeks) as determined by a combination
of last menstrual period and sonogram. All fetuses were born after
37 weeks (mean = 40 weeks, range 37-43 weeks), and none was
small for dates. The average weight at birth was 3,424 g (SD = 401,
range 2,730—4,485 g). Fifty-six percent of the babies were male.

Three subjects with resting diastolic blood pressure (DBP) of
more than 90 mm Hg and one with a resting HR of 130 beats per
minute (bpm) were excluded from further study. For 2 of the
remaining 60 subjects, data collection was incomplete, and they
also were removed from analyses. One other subject was excluded
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from analyses due to technical problems resulting in poor signal
quality. Results are based on data from the remaining 57 subjects.
Two of these women were taking selective serotonin reuptake in-
hibitors (Celexa and Zoloft). We ran all analyses with and without
these two subjects included in the dataset.

Procedure

Women made two visits to the laboratory. For the first visit,
between the 24th and 26th weeks, they completed demographic
questionnaires and were interviewed by a licensed psychologist us-
ing the Structured Clinical Interview for DSM-IV (SCID) (First et
al., 1997). During the third trimester, subjects returned for the
psychophysiology session, which began at about 11 A.M. and ended
at 1 p.M. After a review of the experimental procedures, they com-
pleted a self-report measure of anxiety (Spielberger State—Trait
Anxiety Inventory [STAI]) (Spielberger, 1983) and were reinter-
viewed briefly about their pregnancy and living situation. Informa-
tion on the collection of physiological data can be found in Monk
et al., 2003. Subjects were given instructions regarding a cognitive
test, the Stroop task, and were allowed to practice the task for 1
minute. At the start of data collection, subjects were instructed to
remain silent throughout the procedures. Subjects rested quietly for
a 5-minute baseline and then performed a 5-minute Stroop color—
word matching task, followed by a 5-minute recovery period.

Stroop Task

In this version of the Stroop task, the subjects were presented
with color names (blue, green, yellow, and red) in colored letters
that were either congruent or incongruent with the names. The
subject’s task was to press the key on the keypad that corresponded
to the color of the letters as indicated by a legend on the computer
screen. The task was paced by the computer, and an incorrect
response or failure to respond rapidly enough resulted in a message
indicating “incorrect” on the screen. At 1-minute intervals, the
experimenter gave the subject verbal prompts (e.g., to work faster).

Self-Report of Stress

The subjects were asked to rate the stress they experienced on a
1 (none at all) to 10 (extreme stress) scale after each of the three
periods of the experiment.

Acquisition and Processing of Maternal and Fetal Signals

Analog electrocardiogram (ECG) and respiration impedance
waveforms from a Hewlett Packard 78292A monitor were digitized
and collected by a microcomputer. Analog ECG signals were dig-
itized at 500 Hz by a 16-bit A/D card (National Instruments
16XE50). Specially written software was used to mark R waves and
create files of RR intervals. Artifacts in the RR interval series were
defined as values below 0.4 seconds (HR > 150 bpm) or above 1.5
seconds (HR < 40 bpm). When artifacts were detected, the RR-
interval file was examined. Artifacts were rejected or corrected fol-
lowing established procedures (Berntson et al., 1990). Respiration
was sampled at 50 Hz. Postacquisition software was used to mark
the peaks and troughs of the impedance waveform. These marks
were verified by visual inspection and then were used to calculate
respiratory rate. BP was acquired on a beat-to-beat basis by an
Ohmeda Finapres 2300 monitor. The analog pressure waveform
was digitized at 250 Hz. Systolic BP (SBP) and DBP values were
marked by peak/trough detection software, and errors in marking
were corrected interactively. Fetal HR was recorded via an ultra-
sound transducer (Advanced Medical Systems, IM76) and passed to
the microcomputer acquisition system.
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FETAL HR AND WOMEN’S PSYCHIATRIC STATUS

Women'’s Psychiatric lliness

Based on results from the SCID interview administered between
the 24th and 26th gestational week, women with a current major
depressive disorder and/or dysthymia were classified as depressed.
None of the depressed women had bipolar disorder. Women who
currently had a social phobia, a simple phobia, generalized AD, or
agoraphobia without panic disorder were classified as having an
AD. Women with posttraumatic stress disorder or a comorbid con-
dition were excluded from these analyses as the cell sizes were too
small to provide stable results.

Women’s Subsyndromal Anxiety

Women’s subsyndromal anxiety was assessed using the Trait
Anxiety scale of the STAI (Spielberger, 1983), a 20-item, self-report
instrument that measures a predisposition to feel “generally” anx-
ious. We chose this instrument because it is associated with alter-
ations in physiology during pregnancy (Teixeira et al., 1999) as well
as with fetal characteristics (Groome et al., 1995; Monk et al.,
2000). STAI items assessed the extent to which women have a
predisposition toward feeling anxious by using a 4-point scale rang-
ing from 1 (almost never) to 4 (almost always) to answer questions
about how they generally feel (e.g., “I worry too much over some-
thing that really doesn’t matter”). Trait Anxiety scores on the STAI
can range from a minimum of 20 to a maximum of 80. Although
all subjects completed the form, only those who were free of a
current psychiatric illness were classified as healthy subjects and
then categorized as high, medium, or low anxiety based on a tertile
grouping of their Trait Anxiety scores.

Data Reduction and Analyses

We used analysis of variance (ANOVA) and analysis of covari-
ance (ANCOVA) to examine group differences in FHR during the
baseline and Stroop periods. Covariates were entered into the
model if the univariate correlation with FHR activity was signifi-
cant at p < .05. The possible covariates included women’s physi-
ological variables (HR, BP, and respiration rate) as well as the
baby’s birth weight, which we had found in a previous study to be
associated with FHR reactivity, and fetal age at the time of testing.
Using standard regression analyses, birth weight was adjusted to 40
weeks gestational age. The FHR and maternal HR, BP, and respi-
ration rate were calculated as the mean values for each of the
5-minute periods (baseline and the challenge task). FHR and ma-
ternal physiological reactivity to the task were computed as a
within-subject change scores (challenge task—baseline).

RESULTS

Subject Groups

Results from SCID interviews and the trait anxiety
questionnaire yielded the following groups: 11 in the
depressed group, 11 in the AD group. Three subjects
were diagnosed with simple phobia, three with social
phobia, three with agoraphobia without panic disorder,
and two with generalized AD. Thirty-five subjects
without psychiatric diagnoses were further subdivided
based on the 80-point Trait Anxiety scale as follows:
high anxiety, 7 = 11 (mean 46 + 7), middle anxiety,

n =13 (mean 33.0 £ 3), and low anxiety, 7 = 11 (mean
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25 = 3). Trait Anxiety scores for the two diagnostic
groups were AD, mean 39 + 7, and depressed, mean
41 + 9. Reported average scores for nonpregnant
women from two samples ages 19 to 39 are 35 + 9 and
36 + 10 (Spielberger and Sydeman, 1994). Exclusion of
the two subjects taking antidepressants did not change
any of the results except in one instance, which is
noted.

Self-Reports of Stress

There were no significant group differences on
women’s stress ratings during the baseline period
(F455 =0.92, p = .27) or the Stroop task (F; 5; = 0.99,
2 =.29), and groups did not differ in the increase from
baseline to the Stroop task (£ 5, = 1.31, p = .37).

The mean rating during baseline on the 1- to 10-
point scale was 1.9 (+ 0.2). The mean rating during
Stroop was 5.8 (+ 0.3), and the average increase, 3.9
(+ 0.3), was a significant change (r = 11.98, p < .0001).

Women’s Cardiorespiratory Activity During Baseline

Table 1 reports the mean baseline cardiorespiratory
data for women. Based on ANOVAs, no main effect of
diagnostic group for any maternal variable during this
period was found.

Fetal HR During Baseline

The FHR during baseline by women’s diagnostic
groups is reported in Table 1. An ANOVA revealed no
baseline group differences in FHR (F, 5, = 1.20, p =
.35). Next we constructed a correlation matrix to de-
termine which, if any, baseline maternal variables have
a univariate relationship with baseline FHR and should
be controlled for when examining relationships be-
tween women’s psychiatric status and FHR during this
period. As previously discussed, we also included birth
weight and fetal age at time of testing in this exami-
nation of univariate associations (Table 2). In the re-
sulting ANCOVA that controlled for maternal HR
during baseline, there were no maternal diagnostic
group differences in FHR during baseline (¥ 5, = 0.99,
p = 43).

Women'’s Cardiorespiratory Responses to
Laboratory Challenge

As can be seen in Table 3, women had increases in
HR, BP, and respiration rate in response to stress.
There were no statistically significant group differences
in the magnitude of these responses.
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TABLE 1
Mean Maternal HR, BP, and Respiration Rate, and Fetal HR at
Baseline by Diagnostic Group

Variable/Group Baseline (+SE)
Maternal HR (bpm)
AD 95.2+4.2
Depressed 91.8+3.5
High anxiety 91.2+2.8
Middle anxiety 95.1+3.7
Low anxiety 86.1+3.5
Maternal SBP (mm Hg)
AD 111.5+4.8
Depressed 122.8 £ 4.4
High anxiety 126.9 + 4.1
Middle anxiety 121.4 +3.8
Low anxiety 118.6 £ 4.4
Maternal DBP (mm Hg)
AD 69.6 3.5
Depressed 68.7 +3.1
High anxiety 77.3+2.3
Middle anxiety 69.8+2.7
Low anxiety 68.6 +3.4
Maternal RSP (cpm)
AD 19.1 +3.5
Depressed 20.2+2.1
High anxiety 21.1+1.3
Middle anxiety 21.0+2.4
Low anxiety 224 +2.8
Fetal HR (bpm)
AD 143.2+2.7
Depressed 136.8+2.8
High anxiety 139.6 + 3.6
Middle anxiety 138.6 +2.4
Low anxiety 1355+ 1.3

Note: Because of technical failure, one subject was missing ma-
ternal HR data; six subjects were missing SBP data and seven were
missing DBP. Two were missing RSP data and one subject’s res-
piration data was omitted because during baseline it was 5 SD
above the mean. HR = heart rate; BP = blood pressure; AD =
anxiety disorder; SBP = systolic blood pressure; DBP = diastolic
blood pressure; RSP = respiration.

FHR Responses During Women’s Exposure to
Laboratory Challenge

There was nearly a significant main effect of mater-
nal diagnostic group on FHR reactivity from baseline
to the Stroop task (£ 5, = 2.48, p = .06). As with our
examination of FRH during baseline, we constructed a
correlation matrix to determine which, if any, maternal
variables measured during baseline and/or in response
to the Stroop task, should be controlled for when ex-
amining relationships between women’s psychiatric sta-
tus and FHR responses during maternal challenge. We
also included birth weight and gestational age at the

J. AM. ACAD. CHILD ADOLESC. PSYCHIATRY, 43:3, MARCH 2004



TABLE 2
Correlation Matrix of Maternal Variables During Baseline, Birth
Weight, and Fetal Age With FHR During Baseline

FETAL HR AND WOMEN’S PSYCHIATRIC STATUS

TABLE 4
Correlation Matrix of Maternal Baseline and Reactivity Variables,

Birth Weight, and Fetal Age With FHR Reactivity

FHR (bpm)
Maternal HR (bpm) 0.32*
Maternal SBP (bpm) -0.27F
Maternal DBP (bpm) -0.05
Maternal RSP (cpm) 0.18
Fetal age at time of testing -0.06
Birth weight (kg) -0.17

Note: HR = heart rate; FHR = fetal heart rate; SBP = systolic
blood pressure; DBP = diastolic blood pressure; RSP = respiration.
Tp<.10; *p < .05.

TABLE 3
Reactivity Values (Stressor Period—Baseline) in Maternal HR, BP,
and Respiration Rate, and Fetal HR by Diagnostic Group

Variable/Group Change Value (+SE)
Maternal HR (bpm)
AD 3615
Depressed 43+14
High anxiety 2.8+1.6
Middle anxiety 32+1.1
Low anxiety 41=x1.1
Maternal SBP (mm Hg)
AD 84+1.5
Depressed 5.8+3.8
High anxiety 10.0 2.7
Middle anxiety 10.2 +2.0
Low anxiety 9.9+2.0
Maternal DBP (mm Hg)
AD 50+.9
Depressed 4.8+1.6
High anxiety 5.5+ 1.6
Middle anxiety 6.0+£1.0
Low anxiety 63+1.4
Maternal RSP (cpm)
AD 42+37
Depressed 3.8+1.8
High anxiety 25+1.2
Middle anxiety 2.8+1.9
Low anxiety 39+1.9
Fetal HR (bpm)
AD -.03+.8
Depressed 32+1.1
High anxiety 3.0+1.6
Middle anxiety S+l
Low anxiety -1.0+ 1.1

FHR Reactivity

(bpm)
Maternal HR baseline (bpm) -0.04
Maternal HR reactivity (bpm) 0.14
Maternal SBP baseline (bpm) -0.16
Maternal SBP reactivity (bpm) -0.32*
Maternal DBP baseline (bpm) -0.19
Maternal DBP reactivity (bpm) -0.20
Maternal RSP baseline (cpm) 0.03
Maternal RSP reactivity (cpm) 0.01
Fetal age at time of testing 0.05
Birth weight (kg) -0.37**

Note: HR = heart rate; FHR = fetal heart rate; SBP = systolic
blood pressure; DBP = diastolic blood pressure; RSP = respiration.
*p <.05 **p < .0l

time of testing in the examination of univariate rela-
tionships (Table 4). In the resulting ANCOVA (Table
5) that controlled for women’s SBP responses and birth
weight, there was a significant main effect of women’s
psychiatric status on FHR reactivity. Figure 1 shows
the mean FHR reactivity values adjusted for these co-
variates. Post hoc tests indicated the following signifi-
cant differences in FHR responses: fetuses of depressed
women had greater HR increases compared to fetuses
of women with AD; healthy, low-anxiety women; and
healthy, middle-anxiety women (post hoc comparisons
using the Fisher protected least significant difference
[PLSD] test; # = 4.12, p < .05; t = 4.72, p < .01; £ =
3.45, p < .05, respectively), and healthy, high-anxiety
women had greater HR increases compared to fetuses
of women with AD and healthy, low-anxiety women
(post hoc comparisons using the Fisher PLSD; # = 3.29,
p <.05 =399, p < .05, respectively). When the two

TABLE 5
Analysis of Covariance: Fetal Heart Rate Reactivity by Women’s
Diagnostic Status, Controlling for Women’s SBP Reactivity and
Birth Weight

Sum of Mean F ?
df  Squares Square Value Value

Maternal group status 4 12822  32.05 2.68 .04
Birth weight (kg) 1 146.48 146.48 12.25 .001
SBP reactivity (mm Hg) 1 89.80 89.79 751 .01
Residual 44 52596 11.95

Note: HR = heart rate; BP = blood pressure; AD = anxiety
disorder; SBP = systolic blood pressure; DBP = diastolic blood
pressure; RSP = respiration.

J. AM. ACAD. CHILD ADOLESC. PSYCHIATRY, 43:3, MARCH 2004

Note: In this analysis, we deleted the interaction terms after
determining that they were not significant. SBP = systolic blood
pressure.
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Fig. 1 Differences in fetal heart rate (FHR) reactivity by women’s psychi-
atric status. AD = anxiety disorder; dep = depression as assessed by the
Structured Clinical Interview for DSM-IV. Other subjects are free of psy-
chiatric illness but classified by Spielberger’s (1983) Trait Anxiety scale as
high (high subsyndromal anxiety), mid (mid subsyndromal anxiety), or low
(low subsyndromal anxiety). *p < .05; **» < .01.

subjects taking antidepressant medication (selective se-
rotonin reuptake inhibitors) were removed from the
ANCOVA, the main effect of women’s diagnostic sta-
tus reached only p = .10 significance. Post hoc group
comparisons remained the same as in the analysis with
all subjects except that the difference between fetuses of
depressed versus those of healthy, middle-anxiety
women no longer reached significance. Finally, further
post hoc tests showed significant FHR responses in the
depressed and healthy, high-anxiety groups (p < .05)

but no significant changes in the other three groups.

DISCUSSION

In the results presented here, we show that third-
trimester fetuses of women with Axis I mood disorders,
as well as those with elevations in subsyndromal anxi-
ety, have different HR responses during women’s ex-
posure to challenge compared to low-anxiety, healthy
women. These group differences in FHR responses are
independent of women’s acute cardiorespiratory reac-
tivity measured during the same period. These data
suggest that even prior to birth, there is an association
between women’s mood disorders and alterations in
their children’s physiological reactivity.

Although there were no group differences in FHR
while women rested during a quiet baseline period,
FHR responses during women’s exposure to a psycho-
logical challenge differed according to women’s psychi-
atric status. Fetuses of depressed women had significant
HR increases during the challenge period, whereas fe-
tuses of healthy women with low or middle levels of
anxiety showed virtually no response. Interestingly, fe-
tuses of women with AD also had no significant re-
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sponse. In agreement with a prior study from our
laboratory (Monk et al., 2000), fetuses of healthy but
highly anxious women also had a HR increase. Group
differences in FHR response remained while control-
ling for women’s SBP response to challenge (the only
maternal variable associated with FHR reactivity) and
birth weight. Meanwhile, women’s cardiorespiratory
measures did not differ statistically by diagnostic group
during the baseline or challenge periods.

These findings indicate that the group differences in
fetal reactivity are not dependent on group differences
in the magnitude of women’s acute cardiorespiratory
reactivity. Rather, the data suggest that all fetuses were
exposed to comparable stimulation from the changes in
women’s cardiorespiratory activity in response to the
Stroop task, yet they had varied HR reactions that were
associated with their mother’s psychiatric status. This
suggests the possibility that by the third trimester, there
are traitlike differences in fetal reactivity related to
pregnant women’s mood. This would be consistent
with other studies demonstrating that aspects of new-
born physiology and behavior are associated with wom-
en’s mood during pregnancy (Lundy et al., 1999;
Zuckerman et al., 1990). On the other hand, it is
possible that the group differences in FHR responses
are associated with an unmeasured variable, such as
maternal cortisol or fetal movement. In future studies
we plan to collect salivary cortisol from pregnant
women under stressful situations, to monitor fetal
movement, as well as to expand the assessment of other
potential physiological correlates.

The identification of fetal differences related to preg-
nant women’s mood also provides evidence for the fa-
milial effects of psychopathology prior to birth. Similar
to research examining the heritability of emotional dis-
turbances, our study cannot disentangle the genetic and
environmental influences that may account for this
transmission. The fetal HR increase to maternal chal-
lenge seen in the offspring of depressed and high-
anxiety women compared to those of the other subjects
may be a marker of altered neurobehavioral develop-
ment primarily related to a genetic predisposition. Al-
ternatively, the group differences in FHR may be the
product of emotion-based changes in the maternal
physiological environment that affect the offspring in
utero and possibly, over time, shape developmental
outcomes. The significant associations between wom-
en’s acute, cardiovascular activity and fetal HR during
the stress-eliciting challenge task seen here are consis-
tent with this possibility. Similarly, given that baseline
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physiological data likely reflect a reaction to the novelty
of the overall laboratory testing situation, the associa-
tion between maternal and fetal HR during baseline
also are consistent with this hypothesis. Recent studies
further support this hypothesis by showing correlations
between pregnant women’s anxiety and uterine artery
resistance (Teixeira et al., 1999), women’s social sup-
port and their levels of adrenocorticotropin releasing
factor (ACTH) (Wadhwa et al., 1996), and pregnant
women’s and newborns’ levels of stress hormones
(Lundy et al., 1999). Moreover, animal studies, in
which genetic influences can be largely controlled,
show that laboratory-administered stress during preg-
nancy affects neurobehavioral development, particu-
larly with respect to behavioral and physiological
regulatory capacities (Kofman, 2002). Thus, a pathway
for the familial transmission of mental illness also
might be via the altered intrauterine environment re-
lated to maternal psychiatric illness and emotions.
Two lines of research suggest that the alterations in
FHR reactivity presented here may be an early indica-
tion of future risk for pathology. Four-month-olds who
show increased motor and crying behavior in response
to novelty go on to develop inhibited temperament and
AD at a higher rate compared to other toddlers (Bie-
derman et al., 2001; Kagan and Snidman, 1991).
These “high reactive” toddlers are more likely to have a
parent with an affective disorder or AD and, according
to one study, as fetuses to have lower resting heart
period variability (a measure of cardiac autonomic
regulation indicative of less parasympathetic control)
(Rosenbaum et al., 1988; Snidman et al., 1995). The
relative increase in fetal HR during women’s exposure
to a challenge task that is associated with maternal
depression and high trait anxiety may be a marker for
a similar biobehavoral profile characterized by greater
sympathetic and/or less parasympathetic cardiac con-
trol, a general propensity for lower response thresholds
and elevated response magnitudes, and slower return to
baseline. This response “style” may suggest a height-
ened risk for inhibited temperament and/or a vulner-
ability to future stress-induced psychopathology (e.g.,
Heim and Nemeroff, 1999; Heim et al., 2000).
Although we did not make predictions as to group
differences in FHR related to women’s specific diag-
nostic classification, it was somewhat surprising that
fetuses of women with AD showed smaller HR in-
creases during maternal challenge than fetuses of
women with depression or those with high anxiety. We
offer three interpretations for these results. First, the
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AD group is very heterogeneous. Thus, it is possible
that putting into one group women with distinct ADs
obscured patterns of FHR responses associated with
different subtypes. However, there were too few sub-
jects in each of the AD subgroups to warrant investi-
gation of this hypothesis. Second, birth weight was
unevenly distributed among the groups. Specifically,
there was a near-significant group difference (p = .11)
in birth weight and a trend for offspring in the AD
group on average to be the heaviest (three of the five
highest birth weights recorded in the entire cohort were
in the AD group). As described elsewhere, we have
found that birth weight is inversely related to FHR
reactivity. We included birth weight as a covariate in
our analyses, but it may be that this was not an ad-
equate adjustment for the most extreme cases of high
birth weight in the AD group. Finally, although there
was no difference in the average trait scores between the
AD and the depressed women, there may be a differ-
ence in the persistence of the anxiety that has implica-
tions for fetal development. The majority of women in
the AD group were diagnosed with phobias and thus
actually may experience their high anxiety on an inter-
mittent basis. In contrast, depressed women, and those
in the high-anxiety group, likely have chronic levels of
elevated anxiety. Intermittent versus chronic anxiety
may be associated with different intrauterine environ-
ments, the effects of which may be evidenced by dif-
ferent patterns of FHR reactivity.

Study Limitations

We did not control for fetal sleep state nor did we
assess fetal movement in this study. Fetal state, bouts of
state transition, and movement patterns each could un-
derlie the group differences in FHR responses and/or
serve as another variable by which to characterize varia-
tion in fetal behavior associated with women’s psychi-
atric status. In future studies, we plan to include both
of these variables. This study was not based on recruit-
ment of a random sample of research subjects; rather,
subjects responded to posted advertisements announc-
ing the project. This method of recruitment may result
in one or more types of self-selection bias.

Clinical Implications

The identification of differences in FHR reactivity
related to women’s moods during pregnancy, and in
particular the increased FHR reactivity in fetuses of
depressed and highly anxious women, underscores the
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developmental nature of psychopathology: markers for
the future risk for it may be evident as early as the
prenatal period. Studies of fetal behavior and develop-
ment in relation to women’s psychiatric status will lead
to more informed decisions with respect to the
risk/benefit analysis of exposing the fetus to pharma-
cologically treated versus untreated psychiatric illness.
In general, greater attention paid to pregnant women’s
moods could lead to interventions that would help not
only the women, but perhaps their future children as well.
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