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Abstract Elevated cortisol during pregnancy is associated
with adverse birth outcomes and may alter fetal develop-
ment and subsequent adult health. Numerous studies link
elevated cortisol to depression and anxiety, but only a few
have examined these relationships during pregnancy and in
response to laboratory stressors. No studies have investi-
gated the impact of comorbid anxiety and depression on
cortisol during pregnancy. Salivary cortisol samples were
collected twice before and once after a set of computer-
based tasks (Stroop color-word matching task and either
mental arithmetic or a controlled breathing task) from 180
pregnant women at approximately 36 weeks gestation.
Based on psychiatric diagnoses, four groups of women
were compared: 121 control, 16 depression, 34 anxiety, and
9 comorbid. Women also completed symptom and stress
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self-report scales. There was a significant main effect for
maternal diagnosis on cortisol levels. Post hoc comparisons
showed that comorbid subjects had higher salivary cortisol
levels than controls, but subjects with only one diagnosis
did not. Similar to cortisol, the comorbid subjects also had
higher ratings on pregnancy-specific distress. Comorbidity
during pregnancy, versus depression or an anxiety disorder
alone, is uniquely associated with elevated cortisol and a
negative evaluation of pregnancy. The potential impact of
this combined psychiatric diagnosis on fetal development
and future adult health needs further investigation.

Keywords Cortisol - Perinatal psychology - Depression -
Comorbidity - HPA axis

Introduction

The developing fetus and its placental interface are
susceptible to changes mediated by the experiences of the
mother. Maternal hypothalamic-pituitary-adrenal (HPA)
axis activity during pregnancy is one factor that can alter
fetal development and subsequent physical and mental
health outcomes in the adult (for reviews, see Seckl 2001,
Seckl and Meaney 2004, and Clark 1998). Elevated
maternal cortisol is associated with decreased fetal size,
lowered birth weight, and premature birth in humans
(Diego et al. 2006; Field et al. 2006; Sandman et al.
2006). In animals, a number of studies show poor physical
outcomes in adults who had increased fetal exposure to
glucocorticoids. For example, administration of dexameth-
asone (a synthetic glucocorticoid that freely crosses the
placenta) to pregnant rats results in offspring with elevated
blood pressure as adults (Benediktsson et al. 1993). In
humans, a direct link between elevated maternal glucocorti-
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coids and later problems in the offspring has yet to be
clearly demonstrated, although a number of epidemiologi-
cal studies show associations between small birth size and
health problems in adulthood such as hypertension and
insulin resistance (Seckl 2001).

Psychiatric disorders are known to be associated with
raised cortisol concentrations. Depression in the non-
pregnant state is associated with increased cortisol levels
(Carroll 1976; Carroll et al. 1976; Siever et al. 1984,
Halbreich et al. 1985; Dinan 1994). During pregnancy,
depression, as determined by self-report questionnaires in
two reports, also is linked to higher basal cortisol levels in
both the second and third trimesters compared to controls
(Lundy et al. 1999; Field et al. 2004). Another study
showed similar associations but the method of determining
diagnosis is not described (Diego et al. 2004). To our
knowledge, only one study examining cortisol in adult
pregnant women used a diagnostic interview to classify
depressed subjects for comparison to non-depressed sub-
jects. That study showed that women meeting criteria for
depression had elevated cortisol, however women comorbid
for depression and anxiety disorders were included in the
depression group (Field et al. 2007).

Three anxiety disorders — panic, obsessive compulsive
(OCD), and generalized anxiety (GAD) — also are
associated with elevated basal cortisol levels in adults
(Roy-Byrne et al. 1986; Goldstein et al. 1987; Gehris et al.
1990; Catapano et al. 1992; Monteleone et al. 1994;
Abelson and Curtis 1996; Monteleone et al. 1997, 1998;
Tafet et al. 2001; Kluge et al. 2007). The evidence,
however, is not quite as strong as with depression since
some studies have shown cortisol levels equal to those in
controls for all three disorders (Holsboer et al. 1987; Uhde
et al. 1988; Hoehn-Saric et al. 1991; Maes et al. 1994,
Millet et al. 1998). Comparisons of cortisol levels in
pregnant women with panic disorder, OCD, and GAD to
controls have not been reported; nevertheless, the associa-
tion of three anxiety disorders with elevated basal cortisol
suggests that anxiety disorders during pregnancy may also
be associated with elevated cortisol. In contrast to these
anxiety disorders, posttraumatic stress disorder (PTSD) is
consistently linked to lower basal and 24-hour cortisol
levels compared to controls (Yehuda et al. 1990, 1995,
1996). In pregnancy, research has shown that PTSD
continues to be associated with low basal cortisol levels
(Seng et al. 2005; Brand et al. 2006).

In the present study, we hypothesized that compared to
healthy controls, pregnant women with depression and/or
an anxiety disorder would have elevated salivary cortisol
levels across all time points in a laboratory session. To
separate the effects of depression and anxiety on cortisol,
women with these two types of disorders were placed in
separate groups and women comorbid for both depression
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and anxiety were assigned to a third group. The comorbid
group allowed us to assess potential additive effects of
depression and anxiety on cortisol levels as has been seen
in non-pregnant individuals previously (Kathol et al. 1988)
while also removing the difficulty of determining whether
to place comorbid subjects in the depression group or in the
anxiety group.

For this study, pregnant women underwent a psychiatric
evaluation using a diagnostic interview during the second
trimester and a psychophysiological assessment with two
computer tasks and repeated salivary cortisol sampling in
the third trimester. Obtaining multiple cortisol assays
allowed us to assess differences in overall levels of cortisol,
which was important since elevated cortisol levels during
pregnancy have been linked to adverse outcomes in the
infant and possibly the adult (Clark 1998; Seckl 2001;
Seckl and Meaney 2004; Diego et al. 2006; Field et al.
2006; Sandman et al. 2006). In addition, even though
several studies indicate that acute cortisol reactivity to
laboratory stressors such as the cold pressor test and white
noise may be blunted during pregnancy (Hartikainen-Sorri
et al. 1991; Kammerer et al. 2002; Saisto et al. 2004), use
of laboratory challenge tasks and repeated measures of
cortisol enabled us to examine differences in reactivity to
other stressors. As surmised in a review article by de
Weerth and Buitelaar (2005), although stress reactivity may
be blunted in pregnancy, there is substantial inter-individual
variability in the results, as indicated by large standard
deviations, some of which may be associated with
psychiatric disorders and psychosocial functioning.

Materials and methods
Subjects

Two-hundred seventy-three women between the ages of 18
and 40 with singleton fetuses were recruited from clinics
affiliated with Columbia University Medical Center be-
tween July 1999 and March 2006 via flyers and waiting
room announcements that stated we were looking for
pregnant volunteers. Subjects were recruited as part of a
larger study investigating fetal and infant development in
relation to women’s psychiatric and physiological profiles
during pregnancy, including patterns of cortisol activity and
reactivity. Women were excluded from the study if they
smoked during pregnancy, were taking any medications
including psychotropic ones, or if there were any maternal
or fetal complications including hypertension, diabetes
mellitus, or suspected fetal growth restriction. Additionally,
cases were excluded because they (1) provided saliva
samples that were insufficient in quantity for cortisol
analysis at one or more of the three collection points
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(n=49), (2) they refused to submit a sample (n=2), or (3)
data were lost due to equipment problems or experimenter
error (n=10). Women who gave birth before 37 weeks
gestation (n=8) also were excluded from all analyses, as
were women whose gestational age at birth could not be
determined from electronic medical records (n=3). Since
we were primarily interested in diagnoses that potentially
raise cortisol levels, women with PTSD (n=16) were
excluded from all analyses so as not to mask any elevations
in cortisol in the comorbid and anxiety groups. Subjects
with bipolar depression (n=3) also were excluded in an
effort to reduce variability in the depression group.

Of the remaining 182 women, 60% were Latina, 19%
were Caucasian, 10% were African American, 5% were
Asian, and 6% were of another or mixed ethnicity. Women’s
age was (mean + SD) 26.3+6.0 years. Twenty-six percent of
subjects had an annual household income between $0 and
$15,000, 17% between $16,000 and $25,000, 21% between
$26,000 and $50,000, 19% between $51,000 and $99,000,
12% between $100,000 and $250,000, 2% above $250,000,
and 3% declined to answer. Forty-five percent of subjects
were married. Women in this study had babies with a mean
birth weight of 3,368+36 grams and a mean gestational age
of 39.7+0.08 weeks. Forty-nine percent of the babies were
female, and for 57% of the subjects, this was their first live
delivery. This study was approved by the New York State
Psychiatric Institute Institutional Review Board. All subjects
gave written, informed consent.

Procedures

During the second trimester, subjects came to the laboratory
at Columbia University Medical Center and underwent a
psychiatric interview with a psychologist using the Sched-
uled Clinical Interview for DSM-IV Axis I Disorders
(SCID; First et al. 1997). Based on this assessment, each
woman was placed in one of the four following groups:
control if she had no current Axis I diagnosis (n=123),
depression if she had a current major depressive disorder
episode or dysthymia (n=16), anxiety if she had one or
more current anxiety disorders (n=34), or comorbid if she
currently met criteria for both a depressive and an anxiety
disorder (n=9). (Of the 61 total subjects excluded from the
study because of inadequate saliva samples, refusal to
submit saliva samples, or experimenter error, 31 had no
psychiatric diagnosis, 7 were depressed, 8 were comorbid,
and 15 had anxiety disorders. Of the 49 subjects with
inadequate saliva samples, 26 had no diagnosis, 3 were
depressed, 8 were comorbid, and 12 had anxiety disorders.)
Women who met criteria for a psychiatric diagnosis were
referred for treatment.

At approximately 36 weeks gestation (33-39 weeks),
subjects returned to the laboratory to complete self-report

scales, participate in a psychophysiology recording session,
and to give cortisol samples. All laboratory visits began
between 10:30 and 11:30 AM to control for diurnal
variations in salivary cortisol levels. Once consent was
obtained, women completed symptom and stress self-report
scales including the Center for Epidemiological Studies
Depression Scale (CES-D; Radloff 1977), the State-Trait
Anxiety Inventory (STAI; Spielberger 1983), the Perceived
Stress Scale (PSS; Cohen et al. 1983) and the Pregnancy
Experience Scale (PES), which evaluates pregnancy-
specific hassle frequency, hassle intensity, uplift frequency,
uplift intensity, and a composite score of hassle intensity
divided by uplift intensity (such that a larger number
indicates a more negative overall evaluation of pregnancy)
(DiPietro et al. 2002, 2004). Convergent and discriminant
validity of the PSS has been established by comparison
with other self-report data on depression and anxiety. The
internal scale reliability is high (Cronbach’s alpha 0.91 to
0.95) and the frequency and intensity scores on the PES
have been found to be stable over the course of pregnancy
(DiPietro et al. 2004).

At the start of the psychophysiology assessment,
subjects received instructions, practiced the laboratory
stress tasks they would encounter in the session, and were
outfitted with physiological recording equipment for ECG,
blood pressure, respiration, and fetal heart rate collection.
The psychophysiological recording sessions were as fol-
lows: 5 min quiet rest period, 5 min Stroop task, 5 min
quiet rest period, 5 min laboratory task (mental arithmetic
or paced breathing), and 5 min rest period. Subjects were
asked to refrain from talking during the psychophysiology
session except when asked to appraise their stress level on a
scale from 1 to 10 at the end of each rest or stress period.
Salivary cortisol was collected at three time points during
the laboratory visit — after the subject arrived and consent
was obtained (baseline), just before the psychophysiology
recording session started but after a brief practice of the
forthcoming tasks (anticipation), and just after the psycho-
physiology recording session ended (reaction) — with
approximately 25 to 30 min between each sample. Subjects
were instructed to suck and chew on a cotton roll for 1 min
or until saturated.

Each subject completed two of the following computer-
based laboratory tasks during the psychophysiological
recording session: the Stroop task and either a mental
arithmetic task or a controlled breathing task. Based on
prior findings in a different sample of subjects, it was
determined that the arithmetic task caused less physiolog-
ical arousal in pregnant women than the Stroop as
measured by blood pressure and heart rate changes from
the prior resting period (Monk et al. 2001). As a result, an
alternative to the mental arithmetic task was added to the
protocol, paced breathing, which was chosen to examine

@ Springer



242

Evans L.M. et al.

maternal and fetal reactivity to rapid alterations in women’s
breathing rate. Each of the three tasks used during the
psychophysiological session are described below.

Stroop The Stroop task presents subjects with color words
in either congruently or incongruently colored letters and
asks the subject to identify the color of the letters. It is
commonly used to induce stress in a laboratory setting or as
a cognitive assessment of executive function. In our
version, the subject was required to push keys that
corresponded to the correct color responses, and the
computer indicated if the subject’s responses were “correct”
or “incorrect” on the screen.

Mental arithmetic The mental arithmetic task requires
subjects to subtract serial 7s from a large number shown
on the computer screen without the use of pen and paper.
This task is commonly used as a stressor or as a cognitive
assessment of concentration.

Paced breathing Paced breathing requires subjects to
control their breathing by inhaling when a bar on the
computer screen rises and to exhale when it falls. During
the task, subjects alternate between periods of breathing at a
faster than normal rate, approximately 30 breaths per minute,
a slower than normal rate, about 10 breaths per minute, and
at an approximately normal rate, 20 breaths per minute.
As paced by the computer, the breathing rates change every
30-60 s.

Salivary cortisol analyses

Cortisol samples were analyzed at the Analytical Psycho-
pharmacology Laboratories at the Nathan Kline Institute.
After denaturation of the binding proteins by heat, salivary
cortisol was measured by radioimmunoassay using primary
antibodies (raised in rabbit against cortisol-3-0-carboxyme-
thyloxime-BSA) and 1125 labeled cortisol purchased from
ICN Biomedicals. The cortisol standards used were from
Sigma Chemical. Anti-rabbit globulin serum in conjunction
with polyethylene glycol was used for separation of the
bound and free fractions. Samples were assayed in
duplicate. The intra- and interassay coefficient of variation
was 2.95% and 6.0% at the 3.1 ug/dL level, 2.53% and
3.93% at the 19.3 ug/dL level, and 2.00% and 2.91% at the
32.7 ug/dL level.

Statistical analyses
Before initiating statistical analyses to test our main

hypothesis, outliers were removed from the data set. Two
subjects (both from the control group) were found to have
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cortisol levels greater than 5 SD above the mean at one or
more time points and were excluded from the analyses.
Thus, all of the cortisol related analyses were run with a
total of 180 subjects.

We hypothesized that pregnant women with depression,
anxiety, or both diagnoses would have elevated salivary
cortisol levels across all time points when compared to
controls. To test for group differences and the effects of the
three laboratory time points on cortisol, we used repeated
measures ANOVA with the four diagnosis groups (control,
depression, comorbid, and anxiety) as the between-subjects
factor. We followed this with planned post hoc comparisons
between controls and each diagnosis group via two-sided
Dunnett ¢ tests. Significance levels for within-subjects
comparisons of cortisol levels over time use the Huynh-
Feldt correction.

We followed our primary analyses with a number of
secondary analyses to identify potential confounding
factors contributing to our initial results. Using one-way
ANOVAs we compared diagnosis groups with regard to
maternal age, maternal education level, parity, gestational
age at the time of assessment, and number of weeks before
birth. We also examined ethnic group, income group,
marital status, and second laboratory task (mental arithme-
tic or paced breathing) as categorical variables in relation to
diagnosis group using Pearson chi-square tests. Finally we
ran a f test to examine the subjective stress levels caused by
the two secondary laboratory tasks (either mental arithmetic
or paced breathing) and another repeated measures ANOVA
to examine the differential effects of these two tasks in
relation to diagnostic status on cortisol levels. After these
secondary analyses, further analyses were run to incorpo-
rate the significant covariates and to make group contrasts.

A third set of analyses using one-way ANOVAs was
utilized to look for self-reported psychometric corollaries
(i.e. STAI state anxiety) to the diagnosis group differences
that we uncovered in our sample. Post hoc two-sided
Dunnett 7 tests were used to compare each diagnosis group
to the control group and to determine if diagnostic group
differences in the self-report scales paralleled group differ-
ences in cortisol.

Results
Diagnosis group and cortisol

A between-subjects effect for diagnosis group was found on
cortisol levels with the initial repeated measures ANOVA
(F(3, 176)=3.98, p=0.009). Two-sided Dunnett ¢ tests
comparing the control group to each diagnostic group
revealed that comorbid subjects had significantly higher
salivary cortisol levels than controls (p=0.006) but de-
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pressed and anxious subjects did not differ significantly
from controls (»p=1.00 and 0.67, respectively). Figure 1
illustrates the salivary cortisol estimated marginal means for
the four groups across the three time points. Using Huynh-
Feldt corrected degrees of freedom, there was no significant
within-subjects effect for time point on cortisol (F(1.5,
270.6)=1.44, p=0.24) nor a significant interaction effect of
time by diagnosis (F(4.6, 270.6)=1.05, p=0.39).

Potential confounds

Demographics Descriptive statistics and one-way ANOVA
results for each diagnosis group regarding maternal age,
maternal education level, parity, gestational age at assess-
ment, and number of weeks before birth are given in
Table 1. As can be seen in this table, maternal age
significantly differed across diagnosis groups in a one-
way ANOVA (F(3, 176)=4.07, p=0.008) as well as
maternal education level (F(3, 175)=7.99, p<0.001).
Parity, gestational age at assessment, and weeks before
birth did not differ. Post-hoc Dunnett # tests revealed that
depressed subjects were significantly younger than controls
(»=0.05) and that all diagnostic groups (depression,
comorbid, and anxiety) had fewer years of education than
controls (p=0.01, p=0.01, p=0.001, respectively). Since
maternal age and education level significantly differed
between diagnostic groups, we ran an ANCOVA examining
group differences in cortisol including these two covariates.
Our results did not differ — a significant between-subjects
effect for diagnosis group on cortisol level was found (#(3,
170)=3.79, p=0.01). Neither maternal age (F(1, 170)=
2.77, p=0.10) nor education (£(1, 170)=0.77, p=0.38) was
found to be significant a covariate.
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Fig. 1 Mean cortisol (and SE) over three time points in a laboratory
session. Controls are represented by circles, depression by squares,
comorbid by inverted triangles, and anxiety disorders by upright
triangles

In chi-square tests, ethnic group was significantly
different across diagnosis groups (X*> (9)=18.39, p=0.03)
but income group (X* (15)=15.05, p=0.45) and marital
status (X (3)=1.44, p=0.70) were not. Upon examination,
it was concluded that all depressed women and nearly all
(seven out of nine) of the comorbid women were Latina. To
ensure that the cortisol results did not simply reflect ethnic
differences in our subject groups, a subsequent repeated
measures ANCOVA was completed with only Latina
subjects (n=110) across all diagnostic groups (68 control,
15 depressed, 7 comorbid, and 20 anxiety subjects). When
only Latina subjects were examined using a 4 %3 (diagnosis
group, cortisol repeated measures) ANCOVA design with
maternal age and education level as covariates, the
significant between-subjects effect for diagnosis group
remained (F(3, 102)=4.47, p=0.005). Maternal age was
determined to be a significant covariate F(1, 102)=6.93, p=
0.01) but maternal education level was not F(1, 102)=1.27,
p=0.26).

Effects of paced breathing versus mental arithmetic Sub-
jective stress ratings indicated that the arithmetic task
was perceived to be more stressful than paced breathing
(t (176)=10.4, p<0.0001). However, as determined by a
repeated measures ANOVA, the second laboratory task
(mental arithmetic versus paced breathing) did not differ-
entially affect overall cortisol levels (F(1, 178)=1.44,
p=0.23). A chi-square test indicated that there was no
difference in the second laboratory task assignment related
to diagnostic group status (X* (3)=2.32, p=0.51). To
determine that in the context of diagnostic group there
was no difference between task effects, a 4x2 x3 (diagnosis
group, secondary laboratory task, cortisol repeated mea-
sures) ANCOVA with maternal age and education level as
covariates was completed. The results still showed a
significant between-subjects effect for diagnosis group
(F(3, 166)=4.22, p=0.007). A between-subjects main effect
for the second laboratory task (F(1, 166)=3.88, p=0.05)
was also found, with higher overall cortisol levels appear-
ing to be associated with the paced breathing task.
However, no between-subjects diagnosis by secondary task
interaction effect was evident (F(3, 166)=0.60, p=0.61).
Neither maternal age nor education level was found to
be a significant covariate (F(1, 166)=2.45, p=0.12 and
F(1, 166)=0.83, p=0.36, respectively).

Psychometric corollaries
One-way ANOVAs revealed significant differences across
diagnosis groups for the self-report scales of state anxiety

(F(3, 174)=4.10, p=0.008), trait anxiety (F(3, 174)=6.25,
p=0.0005), depression (F(3, 172)=10.60, p<0.0001), per-
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Table 1 Descriptive statistics and one-way ANOVA results for each diagnosis group

Variable Subject Group n Mean SD SE F (3,176) P
Maternal age (years) Control 121 27.4 6.1 .6 4.07 .008
Depression 16 23.6* 54 1.4
Comorbid 9 233 4.1 1.4
Anxiety 34 24.7 5.4 0.9
Education (years) Control 118 14.6 3.1 0.3 7.99 <0.001
Depression 16 12.4* 2.8 0.7
Comorbid 9 11.8* 0.7 0.2
Anxiety 33 12.6%* 2.1 0.4
Parity Control 121 0.6 1.2 0.1 0.24 0.87
Depression 16 0.6 0.7 0.2
Comorbid 9 0.8 0.7 0.2
Anxiety 34 0.8 1.4 0.2
Gestational age at assessment (weeks) Control 121 35.9 1.0 0.1 0.45 0.72
Depression 16 359 1.2 0.3
Comorbid 9 355 0.6 0.2
Anxiety 34 359 1.0 0.2
Weeks before birth Control 121 3.8 1.4 0.1 0.60 0.61
Depression 16 4.1 1.7 0.4
Comorbid 9 43 1.4 0.5
Anxiety 34 4.0 1.7 0.3

*In the mean column indicates p<0.05 when compared to the control group using a Dunnett 7 test.
**Indicates p<0.01 when compared to the control group using a Dunnett ¢ test.

ceived stress (F(3, 172)=6.76, p=0.0002), pregnancy-
specific uplift frequency (F(3, 160)=3.15, p=0.03), and
the PES composite score computed as the ratio of hassle
intensity to uplift intensity (#(3, 160)=9.39, p<0.0001). No
significant difference across groups was found for preg-
nancy-specific hassle frequency (F(3, 160)=0.50, p=0.68)
but trends towards significance were noted for pregnancy-
specific hassle intensity (F(3, 160)=2.30, p=0.08) and
uplift intensity (F(3, 160)=2.22, p=0.09). Table 2 contains
descriptive statistics and indicates which of the two-sided
Dunnett ¢ tests comparisons between diagnosis groups and
controls were significant for the self-report mood and
symptom scores. Table 3 contains similar statistics for the
self-report scores specific to pregnancy. Compared to
controls, the comorbid, but not the anxiety and depression
groups, scored higher on hassle intensity, lower on uplift
frequency, and higher on a composite score of hassles
to uplifts (using Dunnett ¢ tests; p=0.03, p=0.02, and
<0.0001, respectively).

Discussion

Late in pregnancy, women comorbid for depression and
anxiety had higher salivary cortisol levels than controls at
three time points during laboratory sessions involving three
types of challenges. In contrast, subjects with a diagnosis of
either depression or anxiety disorder alone did not differ
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from controls. This difference in cortisol levels between
comorbid subjects and controls remained even when
maternal age and education were added as covariates and
when only Latinas, a group overly represented in the
depression and comorbid groups, were included in the
analyses. Groups did not show significant cortisol changes
to the laboratory stressors.

When the nature of the second laboratory task (mental
arithmetic versus paced breathing) was entered into the
analysis with diagnosis group and with maternal age as a
covariate, an effect for secondary task was found with
higher cortisol levels being associated with the paced
breathing task. However, there was no significant interac-
tion between the second laboratory task and diagnosis
group.

Our results are somewhat counter to earlier findings in
that our pregnant depressed subjects without a comorbid
anxiety disorder do not have higher cortisol levels than
controls. However, these differences in results may stem
largely from wvariation in methodology. Two previous
studies showing elevated cortisol in depressed pregnant
women compared to controls used the CES-D with a score
of 16 or greater to classify women as depressed rather than
a diagnostic interview (Lundy et al. 1999; Field et al.
2004). Although using a questionnaire to determine
diagnostic status is more time-efficient than an interview,
specificity is lost. Individuals with other diagnoses can
score high on a self-report depression scale; additionally,
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Table 2 Summaries of the group results on self-report scales of mood
symptoms

Variable Subject Group  n Mean SD SE
State anxiety Control 119  30.7 8.8 0.8
Depression 16 359 109 2.7
Comorbid 9 343 77 2.6
Anxiety 34 35.9%% 93 1.6
Trait anxiety Control 119 341 95 09
Depression 16 41.2% 80 2.0
Comorbid 9 394 6.6 22
Anxiety 34 40.1%* 87 15
Depression Control 117 11.5 77 0.7
Depression 16 18.4%* 95 24
Comorbid 9  21.3%* 6.8 23
Anxiety 34 17.9%%* 85 1.5
Perceived stress ~ Control 120 20.8 75 0.7
Depression 15  26.2% 42 1.1
Comorbid 9 26.8* 39 13
Anxiety 32 25.4%% 65 1.2

Results from the State-Trait Anxiety Inventory (STAI), the Center for
Epidemiological Studies Depression Scale (CES-D), and the Perceived
Stress Scale (PSS). Ns vary as sometimes subjects failed to complete
questionnaires.
*Indicates p<0.05 when compared to the control group using a
Dunnett 7 test.
**Indicates p<0.01 when compared to the control group using a
Dunnett 7 test.
***Indicates p<0.001 when compared to the control group using a
Dunnett ¢ test.

other psychiatric diagnoses, which are commonly comorbid
with depression, are not assessed. Our own data (Table 2)
indicate that the mean CES-D depression scores for all
three groups of women with psychiatric diagnoses, includ-
ing those with only an anxiety diagnosis, exceed the
traditional depression cutoff of 16. It is therefore possible
that in these studies, subjects with comorbid anxiety
disorders were driving the elevated cortisol results and the
findings are thus consistent with ours (Lundy et al. 1999;
Field et al. 2004). In the one study that used a diagnostic
interview to classify and compare cortisol in depressed and
non-depressed subjects, which also found elevated cortisol
in the depressed group, individuals comorbid for anxiety
disorders were included in the depression group, and the
percentage of comorbid subjects was not stated (Field et al.
2007). As with the two studies using self-report question-
naires to determine a depression diagnosis, in this report the
specific diagnosis or diagnoses actually linked to elevated
antenatal cortisol levels remain unclear. Finally, another
study linking depression to elevated cortisol during preg-
nancy did not indicate diagnostic methods or exclusions
and thus associations between specific diagnostic classi-
fications and higher cortisol are unknown (Diego et al.

2004). The discrepancies in study results in the context of
variation in methodology suggest that it is possible that the
greater specificity of the psychiatric interview enabled us to
determine the unique association of elevated maternal
cortisol and depression when there is also comorbid
anxiety. Comorbid anxiety and depression in non-pregnant
individuals has previously been associated with cortisol
levels above those seen in subjects with only one class of
psychiatric disorder (Kathol et al. 1988). Given the
potential clinical significance of elevated maternal cortisol
for fetal development, further studies are needed to confirm
that this is the form of maternal mood dysregulation most
associated with increased cortisol levels.

Our results also appear to be counter to findings showing
elevated cortisol in non-pregnant subjects with panic disorder,
OCD, and GAD (Abelson and Curtis 1996; Goldstein et al.
1987; Roy-Byme et al. 1986; Kluge et al. 2007; Catapano et
al. 1992; Monteleone et al. 1994, 1997, 1998; Gehris et al.
1990; Tafet et al. 2001). Our report is the first to assess
cortisol in pregnant women with these disorders. Among the
34 subjects in the anxiety group, only 3 subjects met criteria
for panic disorder (1 with agoraphobia), 1 subject had
clinically significant obsessions, 16 had GAD, 15 had a
specific phobia, 8 had a social phobia, and 3 had
agoraphobia without panic disorder. We cannot say with
certainty that pregnant women with particular anxiety
disorders did not have elevated cortisol levels; rather it does
appear that subjects with anxiety disorders as a general group
did not. Further research into the associations of specific
anxiety disorders with antenatal cortisol levels is needed.

The findings here are consistent with others (Hartikainen-
Sorri et al. 1991; Kammerer et al. 2002; Saisto et al. 2004)
showing blunted cortisol response to stressors during the
third trimester as there were no significant increases to either
of the laboratory challenges. Moreover, despite significant
individual variation in reactivity in past studies, cortisol
response to these laboratory stressors did not differ by
psychiatric status. Our findings add to the growing list of
studies showing buffered stress reactivity in pregnant women
(Hartikainen-Sorri et al. 1991; Matthews and Rodin 1992;
Glynn et al. 2001; Kammerer et al. 2002; Saisto et al. 2004;
Glynn et al. 2004). During pregnancy, experiences of
significant life stressors, such as earthquakes, are associated
with earlier births (Glynn et al. 2001), which is hypothesized
to be mediated by HPA-axis and inflammatory reactivity.
However, it may be that there is an evolutionary advantage
to perinatal outcome of suppressed HPA-axis reactivity
during pregnancy so that minimal stressors such as tasks in
a laboratory fail to elicit responses. Interestingly, in a recent
study of the effects of women’s depression and anxiety on
the cortisol awakening response, there was no difference
between women with and without depression although here
too comorbidity was not evaluated (Shea et al. 2007).
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Table 3 Summary statistics for self-report scales regarding pregnancy-specific experiences

Variable Subject Group N Mean SD SE
Hassle frequency Control 112 16.3 9.1 0.9
Depression 13 15.6 8.4 2.3
Comorbid 7 20.3 9.3 3.5
Anxiety 32 16.2 7.9 1.4
Hassle intensity Control 112 0.66 0.41 0.04
Depression 13 0.68 0.36 0.10
Comorbid 7 1.08%* 0.45 0.17
Anxiety 32 0.70 0.38 0.07
Uplift frequency Control 112 29.9 6.4 0.6
Depression 13 26.8 6.1 1.7
Comorbid 7 23.1% 7.3 2.8
Anxiety 32 29.5 6.4 1.1
Uplift intensity Control 112 1.73 0.47 0.04
Depression 13 1.52 0.53 0.15
Comorbid 7 1.33 0.66 0.24
Anxiety 32 1.63 0.46 0.08
Composite score (intensity ratio) Control 112 0.42 0.28 0.03
Depression 13 0.46 0.29 0.08
Comorbid 7 1.08%%* 0.73 0.28
Anxiety 32 0.47 0.32 0.06

Results from the Pregnancy Experience Scales (PES). Dunnett ¢ test were used for the two PES scales with significant differences across
diagnostic groups and for the two with trends towards significance. Ns vary as sometimes subjects failed to complete questionnaires.
*Indicates p<0.05 when compared to the control group using a Dunnett 7 test.

**Indicates p<0.01 when compared to the control group using a Dunnett ¢ test.

***Indicates p<0.001 when compared to the control group using a Dunnett 7 test.

The results regarding self-report measures of pregnancy-
specific experiences from the PES were consistent with the
finding that elevated cortisol during late pregnancy was
found only in women comorbid for depression and anxiety.
Comorbid women had significantly lower uplift frequency
scores and significantly higher hassle intensity scores and
composite scores (ratio of hassle intensity to uplift
intensity) than controls, while all other group comparisons
to controls were non-significant. This closely mirrors the
cortisol results where comorbid subjects had higher overall
cortisol levels than controls but other diagnostic groups did
not. It seems that comorbid women experience pregnancy
as having more hassles and fewer uplifts than women with
only depression or anxiety. Whether physiological differ-
ences in comorbid women such as cortisol levels precipitate
this difference in perception (or the converse) should be
further explored.

There are several limitations to the study. As described
in the methods section, 49 women did not provide adequate
saliva samples at one or more of the time points for the
cortisol assay and were not used in the analyses. The
distribution among these excluded subjects is fairly differ-
ent from that seen in the 180 subjects used in our analyses.
This may indicate a selection bias since almost half of those
excluded from our analyses because of inadequate saliva
samples had a psychiatric diagnosis and their cortisol levels
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could have been different from those able to give adequate
samples. This also may indicate a psychopathology-related
physiological difference. Perhaps pregnant women with
certain psychiatric disorders produce lower levels of saliva
than women without such disorders. There is also the
possibility that women with a psychiatric disorder are less
motivated to submit adequate saliva samples. Another
weakness in the study is that subjects experienced slightly
different protocols; however, we found no difference in
laboratory task assignment by diagnosis group and thus
interpreted the difference in task as not accounting for
diagnosis group differences in cortisol reactivity. Also,
psychiatric diagnoses and cortisol levels were not assessed
contemporaneously. It is possible that by the time of the
third trimester laboratory assessment women’s psychiatric
status, assessed in the second trimester, had changed,;
although the results of the self-report symptoms, taken
during the third trimester, counter this concern.

Conclusions

In our sample of pregnant women, comorbid anxiety and
depression — but not depression or anxiety alone — is
associated with elevated cortisol levels. Moreover, comor-
bidity is associated with more negative pregnancy-specific
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experiences. These data suggest that during pregnancy, the
HPA axis is altered in comorbidity, and therefore comorbidity
may be a risk factor to the fetus with the potential to influence
development. On the other hand, our results also suggest that
the mechanisms by which antenatal depression or anxiety
influence fetal development may not involve differential
cortisol reactivity to stress, at least with regard to reactivity
patterns that were be assessed in our laboratory paradigm.
Other alterations in women’s HPA axis, such as that associated
with social or family stressors remains to be investigated.
These findings highlight the need to characterize the unique
psychophysiological profiles associated with different psychi-
atric disorders during pregnancy to better determine how
women’s experiences influence fetal development.
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