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Animal models suggest that stress-induced hormonal changes in the mother during pregnancy lead to
enduring changes in the fetus and empirical links between prenatal maternal stress and negative child
development have been discerned repeatedly in human studies. But the role of heritable personality
traits has received little attention in the latter work. The goal of the current study was to investigate the
relationship between maternal personality, psychological measures of maternal distress and maternal
salivary cortisol during pregnancy. Maternal reports of personality (16 PF) and stress-related
psychological measures (depression, pregnancy-related anxiety, perceived stress, negative life events)
as well as salivary cortisol samples of 66 healthy pregnant women were collected in early and late
pregnancy. Maternal trait anxiety proved related to all stress-related psychological measures and high
anxiety predicted low baseline cortisol awakening levels in early pregnancy. Maternal trait anxiety is
related to both psychological and biological stress measures during pregnancy.
ß 2009 Elsevier B.V. All rights reserved.
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A growing body of evidence links maternal emotional distress
during pregnancy with negative child functioning in the behavioral, emotional, and cognitive domain (for review of the literature
see: Huizink et al., 2004; Ruiz and Avant, 2005; Van den Bergh
et al., 2005b; Rice et al., 2007). Prenatal programming of fetal stress
reactivity is the most often suggested mechanism responsible for
this association. More speciﬁcally, the fetal programming hypothesis suggests that elevated levels of maternal cortisol in response
to psychological or physical stressors produce permanent alterations of the hypothalamic–pituitary–adrenal (HPA) axis of the
developing fetus (Barker, 1998; Egliston et al., 2007). Consequently, such elevated stress reactivity – an individual physiological trait
expected to extend across childhood into adult life (Kofman, 2002;
Huizink et al., 2004; Weinstock, 2005) – contributes to negative
child development (Van den Bergh et al., 2005b). Because
experimental studies with animals prove generally consistent
with such prenatal programming, it is assumed that the same
mechanisms operate in humans.
While animal studies allow for the experimental induction of
stress across randomized groups and thus afford precise control of
stress exposure and other important variables, human studies on
prenatal stress effects are generally limited by being observational.
Due to this methodological constraint, the discerned relationship
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between prenatal stress and child development in human studies
could be an artifact of enduring maternal personality traits, reﬂective
of underlying heritable mechanisms given the highly heritable
nature of personality (Jang et al., 1996), inﬂuencing not only
maternal reports of stress during pregnancy but also the child’s
postnatal functioning by means of shared genes. Thus, enduring
personality characteristics of mothers may account for the putative
causal – and compromising – inﬂuence of prenatal stress on
children’s development. It is not difﬁcult to imagine, in fact, that
personality traits speciﬁcally related to stress reactivity and
sensitivity (e.g., neuroticism, trait anxiety) may inﬂuence a pregnant
woman’s reporting and/or experiencing of prenatal stress (e.g.,
cortisol reactivity). If this is so, it would compromise any causal
interpretation of associations linking prenatal stress with postnatal
child well-being. Thus, the purpose of the research reported herein is
to explore links between stress-related personality traits of pregnant
women and measures of their prenatal stress, including cortisol
levels. It is predicted that neuroticism/trait anxiety would be
reﬂected in both psychological and physiological measures of
prenatal stress.
Neuroticism, reﬂecting proclivities to experience negative affect
(Costa and McCrae, 1992), to arouse quickly when stimulated and
inhibit slowly, and to appraise events as stressful (Widiger et al.,
1984), is one personality trait often associated with response to
stress (Costa and McCrae, 1992). Behavior-genetic studies reveal it
to be 40–50% heritable (Plomin et al., 1994; Jang et al., 1996; Eaves et
al., 1999). Many studies chronicle links between neuroticism and
psychological distress and emotional disorders (Bolger and Schilling,
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1991; Kendler et al., 1993; Engelhard et al., 2006; Hettema et al.,
2006). Empirical evidence also chronicles links between neuroticism
and biological stress response in humans, such that high neuroticism
is associated with dysregulated autonomic nervous system functioning (e.g., lower heart rate variability, see Riese et al., 2006) and
altered HPA axis functioning. Highly neurotic individuals manifest a
blunted cortisol response when exposed to stress (Oswald et al.,
2006), a higher range of dose-dependent cortisol response after the
application of naloxone, an opioid receptor antagonist (Mangold and
Wand, 2006), and enhanced early morning cortisol levels 30 min
after awakening (Portella et al., 2005). As it turns out, neuroticism
also proves related to exposure to stressful situations, with
individuals scoring high on neuroticism experiencing more stressful
life events than do those scoring low (Bolger and Zuckerman, 1995;
Kendler et al., 2003).
Considered together, ﬁndings such as those just summarized
raise the very real possibility that maternal personality traits
contribute to the phenomenological and biological experience of
stress during pregnancy. Indeed, it seems eminently plausible that
maternal personality may inﬂuence (1) self-reported psychological
stress measures (e.g., depression, anxiety), (2) biological measures
of stress (e.g., cortisol levels), and even (3) exposure and reaction to
stressful situations and experiences (e.g., negative life events,
natural disasters).
Surprisingly, personality measures, apart from a study by
Mohler et al. (2006), have generally not been included in research
on prenatal programming via prenatal maternal distress, though
several well designed studies have controlled for postnatal anxiety
and depression, two fundamental facets of neuroticism, in attempt
to distinguish emotional stress experienced during fetal life and
postnatal exposure (e.g., Huizink et al., 2002; O’Connor et al., 2003;
Davis et al., 2004; Van den Bergh et al., 2005a). What such research
designs cannot due, however, is disentangle putative effects of
prenatal stress from maternal personality characteristics such as
neuroticism which may inﬂuence both the predictors and
outcomes of prenatal programming studies.
Given this background, the main objective of the work reported
herein was to investigate the relationship between maternal
personality, psychological measures of distress, and maternal
salivary cortisol, all measured during pregnancy. To this end, we
analyzed data from a prospective longitudinal study (see Rieger
et al., 2004; Wurmser et al., 2006) in which personality, several
measures of psychological distress, and the cortisol awakening
response were assessed in healthy women both in early and late
pregnancy. This work is thus conceptualized as a ﬁrst step in
exploring, eventually, the role of personality, measured prenatally,
in accounting for effects of prenatal stress on child well being. Based
on the preceding analysis, we expected maternal personality –
speciﬁcally trait anxiety (i.e., neuroticism) – to be positively related
to maternal self-report measures commonly used in the research of
prenatal stress effects (perceived stress, depression, pregnancy
anxiety, and negative life events) and with maternal cortisol levels of
the cortisol awakening response during pregnancy.
1. Method
1.1. Overview
The present work is based on data from a prospective longitudinal study on the
effects of prenatal maternal stress on early postnatal infant development
employing several assessment points during pregnancy and the early postpartum
period (Rieger et al., 2004; Wurmser et al., 2006). For the present study only data
collected during the prenatal period was considered. Subject recruitment and data
collection took place in Trier, Germany.
1.2. Sample and procedure
Subjects were recruited in collaboration with local obstetricians/gynecologists in
private practice, clinic departments of gynecology and obstetrics, information

centers for pregnant women, and by advertisements in local newspapers. Women
that met inclusion criteria (age of 16 years or older and ﬂuency in German) were
contacted by phone and brieﬂy informed about the study’s research protocol.
Exclusion criteria were: (a) severe medical complications (acute or chronic physical
diseases, such as gestational diabetes, metabolic diseases, hypertension, thyroid
hyper function), (b) signs of fetal malformation, (c) multi-fetal pregnancies, and (d)
psychiatric problems (women were excluded if their answer to the screening
question ‘‘Are you currently suffering from a psychiatric disorder or do you receive
medical or psychological treatment for psychological problems?’’ was positive). After
providing informed consent for participation eligible women were invited for a ﬁrst
assessment at 10–20 weeks gestation (early pregnancy) and a second assessment at
32–34 weeks gestation (late pregnancy).
Originally, a total of 94 women were recruited into the study. One woman was
excluded due to being pregnant with twins, 6 women denied further participation
after the introductory interview at ﬁrst contact, 11 women did not complete the
personality assessment, 5 women lacked cortisol measurements at both assessment points, 4 women were excluded due to other patterns of missing data and one
woman due to extremely high cortisol levels. Consequently, data of 66 (70.2%)
women were available for the present study. Comparisons between the selected
sample of 66 and the 28 excluded women indicated no signiﬁcant differences
between the two groups on demographic, biological, or psychological variables.
Eight of the 66 included women reported smoking during pregnancy with a mean
consumption of 10.29 cigarettes per day (SD = 9.16) and eight women reported
drinking alcohol during pregnancy (M = 1.80 times per month, SD = 1.79).
Demographic characteristics of the complete sample and the low and high trait
anxiety subgroups (split across the median) are displayed in Table 1.
Eleven women joined the study after 20 weeks of gestation and were
consequently excluded from analyses of the early pregnancy as were two women
lacking cortisol values for this period. Women of the remaining early pregnancy
subsample (n = 53) were at 14.62 (SD = 3.57) weeks of gestation at ﬁrst assessment.
For the late pregnancy assessment 6 women had to be excluded due to missing
cortisol values resulting in a subsample of n = 60. Sample sizes for the different
analyses varied additionally due to different patterns of missing data.
All women were paid 200 Euro for their time and efforts in participating in the
initial project. The study protocol was approved by the Ethical Committee of the
University of Trier and is consistent with the revised Helsinki Declaration of 1975.
1.3. Instruments
1.3.1. Structured interviews
Structured interviews were conducted by trained female research assistants at
both assessment points and inquired about sociodemographic (e.g., age, education,
occupation, income, marital status) and medical information. During the interview
in early pregnancy women were asked whether they were currently smoking (and if
yes, how many cigarettes per day), consuming alcohol (and if yes, how often per
month), and whether they experienced severe psychological stress since the
beginning of the pregnancy.
1.3.2. 16 Personality Factor Questionnaire (16-PF)
The 16PF Questionnaire is a 184-item self-report instrument that measures the
sixteen personality dimensions proposed by Cattell et al. (1970). Each item
represents a statement (e.g., ‘‘I believe I worry less than most people’’) which the
respondent has to rate on a three-point scale as ‘‘true’’, ‘‘not true’’, or ‘‘?’’ (‘‘?’’ is an
open answer that could stand for ‘‘unsure’’, ‘‘sometimes’’ and the like). From subject
responses to the questionnaire, scores are derived for each of the sixteen
personality factors of which scores for ﬁve Global Factors are computed. The
Global Factors are extraversion (tendency to be sociable, assertive, active), anxiety
(tendency to be easily upset, worried, overwhelmed; in the current study this global
factor is referred to as trait anxiety in order to avoid confusion with other anxiety
measures), tough-mindedness (tendency to focus on objectivity, to prefer logical,
realistic solutions), independence (tendency to be dominant, fearless, skeptic of
others), and self-control (tendency to be conscientious, restrained, organized). The
16PF Global Factor anxiety correlates with the neuroticism dimension of the NEOFFI questionnaire (Costa and McCrae, 1992) at r = .64, the 16PF extraversion with
the NEO-FFI extraversion at r = .67 and the 16PF self-control with the NEO-FFI
conscientiousness at r = .50. Internal consistencies of the 16PF Global Factors range
from a = .73 to .87 (for Global Factor anxiety a = .84), retest-reliabilities from r = .83
to .90. The validated German version of the 16PF uses ‘‘standardized ten’’ (sten)
score scales ranging from 1 to 10, with a mean of 5.5 and a standard deviation of 2,
which relates individual scores to the scores of a normative German sample of 669
adult women (Schneewind and Graf, 1998). 16PF stens of 4–7 are considered within
the ‘‘average’’ population range. The 16PF was administered in late pregnancy.
1.3.3. Perceived Stress Scale (PSS)
The PSS (Cohen et al., 1983) is the most widely used psychological instrument for
measuring the perception of stress designed to provide a global measure of context
free stress. This 14-item scale assesses the frequency of experiencing a situation as
unpredictable, uncontrollable, or overloading. Participants indicate on a ﬁve-point
scale from ‘‘never’’ to ‘‘very often’’ how frequently they experienced subjective
affective and cognitive stress reactions, subjective effectiveness of and conﬁdence
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Table 1
Demographic characteristics of the sample.
Variables

Full sample n = 66, n (%)

Low trait anxiety subgroup n = 33, n (%)

High trait anxiety subgroup n = 33, n (%)

Age at ﬁrst contact (years)

M = 30.7, SD = 4.8 (range: 16–39)

M = 32.4, SD = 3.5 (range: 24–38)

M = 29.0, SD = 5.4 (range: 16–39)

Living situation
Living with partner
Living without partner

60 (90.9%)
6 (9.1%)

32 (97.0%)
1 (3.0%)

28 (84.8%)
5 (15.2%)

Education
<High school
High school graduate
College graduate

26 (39.4%)
20 (30.3%)
20 (30.3%)

11 (33.3%)
9 (27.3%)
13 (39.4%)

15 (45.5%)
11 (33.3%)
7 (21.2%)

Monthly income per household
<750 Euro
750–1500 Euro
1500–3000 Euro
>3000 Euro

4 (6.2%)
9 (13.8%)
30 (46.2%)
22 (33.8%)

1 (3.0%)
4 (12.1%)
16 (48.5%)
12 (36.4%)

3 (9.4%)
5 (15.6%)
14 (43.8%)
10 (31.3%)

Parity
Primiparous
Multiparous

27 (40.9%)
39 (59.1%)

13 (39.4%)
20 (60.6%)

14 (42.4%)
19 (57.6%)

Planned pregnancy
Planned
Unplanned

47 (71.2%)
19 (28.8%)

25 (75.8%)
8 (24.2%)

22 (66.7%)
11 (33.3%)

Wanted pregnancy
Wanted
Unwanted

58 (87.9%)
8 (12.1%)

31 (93.9%)
2 (6.1%)

27 (81.8%)
6 (18.2%)

Smoking during pregnancy
Alcohol during pregnancy
Severe stress during pregnancy

8 (12.1%)
8 (12.1%)
7 (10.6%)

1 (3.0%)
2 (6.1%)
1 (3.0%)

7 (21.2%)
6 (18.2%)
6 (18.2%)

about coping efforts, and subjective controllability of potential stressors during the
past month. Internal consistency ranges between a = .84 and .86. The PSS (German
Version) was administered at both assessment points of the study.

Salivary cortisol was analyzed using a commercial competitive luminescence
immunoassay (LIA; IBL, Hamburg, Germany). Intra- and inter-assay coefﬁcients of
variation were both below 10%. Every tenth sample was assayed twice.

1.3.4. Life Experiences Survey (LES)
The LES (Sarason et al., 1978) lists 47 life changes that require adjustment (e.g.,
marriage, severe illness, relocation). Subjects are required to indicate whether the
listed life events occurred during the preceding 12 months and rate the impact on a
bipolar seven-point scale ranging from ‘‘extremely negative’’ to ‘‘extremely
positive’’. Summing up the occurrences with negative impact ratings yields a
measure for negative life events. The LES is a widely used, validated instrument
with a test–retest reliability of r = .88 for the negative sum score. The LES (German
Version) was administered only in early pregnancy.

1.4. Data analysis

1.3.5. Edinburgh Postnatal Depression Scale (EPDS)
The EPDS (Cox et al., 1987) is a widely used 10-item measure inquiring about the
mother’s mood in the past 7 days. Each item (e.g., ‘‘In the last seven days I felt so
unhappy that I cried’’) is rated on a four-point scale from ‘‘most of the time’’ to ‘‘not at
all’’ and refers to depressed mood, anhedonia, guilt, anxiety, and suicidal ideation. The
split-half reliability of the German scale is r = .82, and its internal consistency
coefﬁcient is a = .81 (Bergant et al., 1998). Women with EPDS scores of 13 or more are
suspected to suffer from clinical depression (Bergant et al., 1998; Matthey et al., 2006).
The EPDS (German Version) was administered at both assessment points of the study.
1.3.6. Prenatal Distress Questionnaire (PDQ)
The PDQ (Yali and Lobel, 1999) is a 12-item self-report questionnaire designed to
assess worries and anxiety of the pregnant mother regarding pregnancy and birth.
The 12 items describe pregnancy speciﬁc worries (e.g., medical complications,
physical changes, birth, health of the baby) that have to be rated on a ﬁve-point
scale ranging from ‘‘not at all worried’’ to ‘‘extremely worried’’. Internal consistency
of the English version is a = .81. We administered our own German translation at
both assessment points of the study. Internal consistency of our German version
was a = .81.
1.3.7. Salivary cortisol
Subjects were instructed to collect saliva at home with specially designed test
tubes (Salivette1, Sarstedt, Germany) right after awakening and 30, 45, and 60 min
thereafter and to store the samples in the freezer until the next study assessment. In
early pregnancy subjects were asked to collect salivary samples during two
consecutive workdays following the study assessment. In late pregnancy the
participants collected saliva samples on 1 day during the 35th and 1 day during the
36th week of gestation. Handed in saliva samples were stored at 20 8C until
analysis. After thawing, samples were centrifuged at 2000  g at 10 8C for 10 min.

Exploratory data analysis included examination of variables for missing data,
normality, and outliers. Missing value analysis did not reveal any systematic
patterns of missing data. Missing questionnaire items were replaced by the mean of
the corresponding scale/subscale of the individual if applicable. Differences on
demographic characteristics, salivary cortisol levels and psychological measures
between included and excluded study participants and between high and low trait
anxiety groups were tested by multiple t- and x2-tests (alpha adjusted according to
Bonferroni). Unadjusted associations between the different measures were
evaluated using bivariate correlations (Pearson, two-tailed). Salivary cortisol
values were averaged across the 2 days per assessment period. For the multiple
regression analyses, variables without normal distribution were log transformed.
Differences in the cortisol awakening response between high and low trait anxiety
groups were tested by repeated measures analysis of variance (ANOVA) using log
transformed cortisol values. Due to not fulﬁlling sphericity requirements results
were Huynh–Feldt corrected (uncorrected dfs reported). Area under the curve
(AUCg) of the cortisol awakening response was calculated using the trapezoid
method with respect to ground (Pruessner et al., 2003). The level of signiﬁcance for
all analyses was set at a = .05. All statistical analyses were carried out using the
Statistical Package for the Social Sciences, version 16.0 for Windows (SPSS, 2007).

2. Results
2.1. Psychological measures
Mean, standard deviation and range for all psychological
variables are displayed in Table 2. Negative life events across
the 12 months preceding the ﬁrst measuring point were assessed
only in early pregnancy and personality measures only in late
pregnancy. According to the presented data women reported
more stress (t(53) = .98, p = .33) and depressive symptoms
(t(52) = 1.04, p = .31) in late pregnancy compared to the early
pregnancy period, yet these differences did not reach statistical
signiﬁcance (paired samples t-tests, two-tailed). Eight women
(15.1%) in early and 11 women (18.6%) in late pregnancy were
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Table 2
Descriptive values for maternal psychological measures.
Variables

Early pregnancy

Extraversion (16PF)
Trait anxiety (16PF)
Self-control (16PF)
Independence (16PF)
Tough-mindedness (16PF)
Depression (EPDS)
Perceived stress (PSS)
Pregnancy anxiety (PDQ)
Negative life events (LES)

Late pregnancy

M

SD

Range

n

M

SD

Range

n

–
–
–
–
–
6.38
24.56
1.24
4.00

–
–
–
–
–
4.81
9.77
.67
3.41

–
–
–
–
–
0–18
6–47
.2–2.8
0–15

–
–
–
–
–
56
55
55
66

5.18
5.79
5.29
5.60
3.85
7.22
25.51
1.23
–

1.79
1.94
1.68
1.88
1.89
5.74
9.12
.65
–

.1 to 8.9
2.5–10.0
.8–8.3
.4–11.5
.1–10.6
0–21
9–47
.1–2.7
–

66
66
66
66
66
63
65
60
–

classiﬁed as suffering from clinical depression based on EPDS score
of 13 or more (Bergant et al., 1998; Matthey et al., 2006). However,
most participating women had EPDS scores of less than 13 (84.9%
in early and 81.4% in late pregnancy).
2.2. Associations between personality and psychological measures of
distress
Table 3 presents unadjusted bivariate correlations between
personality traits and psychological measures of prenatal distress
(depression, perceived stress, negative life events, pregnancy
anxiety). Trait anxiety was positively and signiﬁcantly associated
with all stress-related psychological measures. Questionnaires
that were administered repeatedly (perceived stress, depression,
and pregnancy anxiety) were highly correlated across the two
assessment periods (r(49–54) = .41 .75, p < .01).
2.3. Associations between salivary cortisol and demographic variables
Cortisol levels (AUCg) between early and late pregnancy were
signiﬁcantly and positively correlated with r(51) = .67, p < .01.
Unadjusted bivariate correlations between cortisol measures and
demographic variables yielded several signiﬁcant associations:
between awakening cortisol in early pregnancy and smoking
during pregnancy (r(52) = .28, p < .05), alcohol consumption
during pregnancy (r(52) = .37, p < .01), and severe psychological
stress during pregnancy (r(52) = .28, p < .05) and between
planned pregnancy and cortisol 30 min after awakening in late
pregnancy (r(60) = .37, p < .01) and AUCg in late pregnancy
(r(60) = .28, p < .05). Maternal BMI before pregnancy, child gender,
gestational age of the fetus at early pregnancy assessment and all
other demographic characteristics were not associated with
cortisol levels and were therefore not included in consequent
multivariate analyses.

2.4. Associations between salivary cortisol and psychological
measures
Bivariate unadjusted correlations between salivary cortisol and
psychological measures in early pregnancy revealed signiﬁcant
associations between trait anxiety and cortisol levels at awakening
(r(52) = .43, p < .01), and between trait anxiety and cortisol levels
at 30 min after awakening with r(52) = .28, p < .05. No further
correlations between salivary cortisol and psychological measures
in early pregnancy reached signiﬁcance. In late pregnancy cortisol
levels at 30 min after awakening were signiﬁcantly correlated with
negative life events at r(60) = .28, p < .05. There were no other
signiﬁcant associations between cortisol and psychological measures in late pregnancy.
2.5. Trait anxiety and salivary cortisol
In order to further investigate the signiﬁcant associations
between trait anxiety and cortisol we ran separate multiple
regression analyses with cortisol levels at awakening and 30 min
after awakening, both from the early pregnancy assessment, as
outcome variables and trait anxiety as predictor, controlled for
smoking, alcohol, and severe stressful experiences since the
beginning of the pregnancy. Trait anxiety signiﬁcantly predicted
awakening cortisol in early pregnancy (b = .29, p < .05) but the
association between trait anxiety and cortisol 30 min after
awakening was only marginally signiﬁcant (b = .26, p < .10)
and the total model did not reach signiﬁcance. Results of the
multiple regression analyses are displayed in Table 4. In order to
verify that signiﬁcant results of the regression analyses are not a
function of the 11 women that reported smoking and alcohol
consumption during pregnancy we repeated the multiple regression models excluding these women. Results remained unchanged.
In addition, we ran a model excluding women who may be

Table 3
Unadjusted associations between personality and psychological measures.
Measures

E

TA

Extraversion (E)
Trait anxiety (TA)
Self-control (SC)
Independence (I)
Tough-mindedness (TM)
Negative life events (LES)
Perceived stress (PSS 1)
Perceived stress (PSS 2)
Depression (EPDS 1)
Depression (EPDS 2)
Pregnancy anxiety (PDQ 1)
Pregnancy anxiety (PDQ 2)

–
.12
.44**
.18
.39**
.10
.14
.03
.04
.07
.03
.13

–
.21
.24*
.12
.33**
.58**
.62**
.32*
.49**
.31*
.40**

Note: 1 = Early pregnancy; 2 = late pregnancy.
*
p < .05.
**
p < .01.

SC

I

TM

–
.13
.07
.23
.26*
.13
.18
.06
.09

–
.27*
.13
.11
.19
.20
.14
.16

LES

PSS 1

PSS 2

EPDS 1

–
.67**
.70**
.45**
.26
.24

–
.53**
.63**
.18
.37**

–
.41**
.34*
.33*

EPDS 2

PDQ 1

–
.07
.40**
.38**
.12
.11
.08
.25
.16
.22

–
.44**
.40**
.38**
.40**
.32*
.37**

–
.16
.18

–
.75**
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Fig. 1. Cortisol awakening response in early and late pregnancy. t-Tests between low and high trait anxiety group; ns, not signiﬁcant. *p < .05, **p < .01.

Table 4
Summary of multiple regression analysis (early pregnancy).
Predictors
Smokinga
Alcoholb
Stressc
Trait anxiety (16PF)

Awakening cortisol b
.12
.34**
.18
.29*

Cortisol 30 min
after awakening b
.04
.04
.04
.26#

Note: Awakening cortisol: n = 52; adjusted R2 = .31; F(4, 51) = 6.64**; cortisol 30 min
after awakening: n = 52; adjusted R2 < .01; F(4, 51) = .28.
a
0 = Not smoking during pregnancy; 1 = smoking during pregnancy.
b
0 = Not drinking alcohol during pregnancy; 1 = drinking alcohol during
pregnancy.
c
0 = No stressful experiences during pregnancy; 1 = stressful experiences during
pregnancy.
#
p < .10.
*
p < .05.
**
p < .01.

suffering from clinical depression – indicated by EPDS score of 13
or more – in order to conﬁrm that signiﬁcant results are not a
function of depression. Again results remained unchanged.
To compare women with different trait anxiety scores we split
the sample across the median in a high and a low trait anxiety
group. A two-way repeated measures analysis of variance (ANOVA)
was performed, separately for early and late pregnancy, with group
as between-subject factor and time of the cortisol awakening
response as the main within-subject factor (see Fig. 1). The early
pregnancy ANOVA revealed a signiﬁcant group-by-time interaction (F(3, 132) = 4.95, p = .01) and according to t-tests the cortisol
values at awakening were signiﬁcantly lower in the high trait
anxiety group than in the low trait anxiety group, t(44) = 3.27,
p < .01. However, after inclusion of alcohol, smoking and severe
psychological stress, the group-by-time interaction at early
pregnancy did not reach statistical signiﬁcance anymore (F(3,
120) = 1.09, p = .35). At late pregnancy there was no signiﬁcant
interaction and no signiﬁcant differences in cortisol levels between
groups. Area under the curve of the cortisol awakening response
(AUCg) did not differ between groups in early (t(44) = 1.13, p = .26)
nor in late pregnancy (t(58) = .02, p = .99).
3. Discussion
The goal of the present study was to investigate associations
between personality traits, stress-related psychological measures,
and salivary cortisol of pregnant women. Not surprisingly,
personality – and as predicted speciﬁcally trait anxiety – was

related to self-reported psychological measures of stress. Not only
was trait anxiety signiﬁcantly and positively associated with
perceived stress, depression, and pregnancy anxiety – both during
early and late pregnancy – it was also correlated with the number of
negative life events the women reported. The high correlations
between state measures of perceived stress, depression, and
pregnancy anxiety which have been assessed at both assessment
points suggest that there was little change regarding the basic
psychological state of the expectant mothers across the course of the
pregnancy and/or that these measures largely represent reﬂections
of maternal personality traits. The same can be said of the cortisol
levels which were also highly correlated between early and late
pregnancy. However, associations between psychological measures
and cortisol levels were low. It was only trait anxiety in early
pregnancy and negative life events in late pregnancy that
signiﬁcantly predicted cortisol levels during pregnancy. Even
though authors studying associations between self-reported maternal distress and child development often assume that high maternal
cortisol, in response to psychological distress during pregnancy,
reaches the fetus and inﬂuences its development, correlations
between maternal stress and maternal cortisol levels during
pregnancy have generally been weak according to the existing
literature—if they were detectable at all. In a study by Wadhwa et al.
(1996) a single measure of plasma cortisol at 28 weeks of gestation of
54 pregnant women was signiﬁcantly associated with the personality trait hardiness and social support but not with life events stress,
perceived stress, or pregnancy anxiety. After controlling for sociodemographics and stress measures the association between social
support and hardiness with plasma cortisol was only marginally
signiﬁcant. Field et al. (2006) assessed urinary cortisol and mood
states during early and late pregnancy in 353 women and found
signiﬁcant associations between cortisol levels and self-report
measures of depression and anxiety, not controlling for any
covariates, however. Psychological and cortisol measures were
highly correlated across pregnancy. Controlling for smoking and
time of saliva collection Obel et al. (2005) found that women
(n = 650) had lower morning cortisol levels in early pregnancy if they
reporting pregnancy-related stress due to complications and higher
evening cortisol levels in late pregnancy if they felt very stressed by
life events and were worried regarding existing pregnancy
complications. The only other study we are aware of that
investigated the cortisol awakening response in pregnant women
in relation to stress found signiﬁcant associations between baseline
awakening cortisol levels at 20 weeks of gestation and early life
trauma, but not with depression or anxiety (Shea et al., 2007). Hence,
the present ﬁndings of rather limited associations – or lack thereof –
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between cortisol and psychological measures of stress during
pregnancy are in line with other empirical work. Nevertheless,
cortisol in early pregnancy was signiﬁcantly associated with trait
anxiety, even when controlled for a range of covariates (smoking,
alcohol, and severe stress during pregnancy). However, in late
pregnancy this was not the case anymore. Previous studies also
failed to ﬁnd associations between psychological measures of stress
and morning cortisol in late pregnancy (Petraglia et al., 2001; Obel et
al., 2005). Since cortisol levels are rising throughout the course of
pregnancy, associations with personality may not be detectable
anymore in later periods of the pregnancy. This masking effect may
also explain the lack of a group-by-time interaction in late
pregnancy.
Interestingly, trait anxiety was not associated with higher
cortisol levels but with lower baseline concentrations at awakening and 30 min thereafter. This is consistent with previous studies
which found decreased morning cortisol levels in women who
were worried for their pregnancy and had complications in ﬁrst
trimester (Obel et al., 2005) and lower baseline awakening cortisol
levels in pregnant women reporting early life traumata (Shea et al.,
2007). Studies with non-pregnant individuals found decreased
cortisol awakening responses in students that experienced early
loss (Meinlschmidt and Heim, 2005) and ﬂatter cortisol diurnal
proﬁles in anxious adolescents (Van den Bergh et al., 2008).
Consequently, the low cortisol levels at awakening which emerged
in the present study in the case of the women with high trait
anxiety suggest that trait anxiety may be characterized by a similar
dysregulation of the HPA axis. Important to mention here also,
however, is a recent investigation by Rademaker et al. (2009)
detecting a higher cortisol awakening response and a higher
cortisol increase after awakening in male soldiers high on
personality traits self-directedness and harm avoidance.
Contrary to the ﬁndings of Rademaker et al. (2009) and Portella et
al. (2005) we did not detect an enhanced awakening cortisol
response in the high trait anxiety group and there was no signiﬁcant
difference in AUCg between the two groups. Our ﬁndings suggest,
though, a trend of enhanced cortisol levels 60 min after awakening
in the high trait anxiety group compared to the low trait anxiety
group which is in accordance with Portella et al.’s group-by-time
interaction.
3.1. Limitations
The results of the present study should be viewed in the context
of several important methodological limitations: (1) the sample size
was rather small and consequently these ﬁndings may not
generalize to other samples; (2) our ﬁndings are based on
correlational data which limits causal interpretation; (3) negative
life events across the preceding 12 months were assessed only in
early pregnancy and not in late pregnancy; (4) maternal personality,
though treated as predictor of early pregnancy measures, was
assessed only in late pregnancy. However, empirical evidence
suggests that personality traits are reasonably stable in adulthood
(McCrae and Costa, 1994; Caspi et al., 2005); (5) time (compliance) of
exact cortisol sampling was not assessed and controlled for; (6)
exclusion of participants with psychiatric problems was not based
on validated clinical interviews and may have been insufﬁcient; (7)
not all factors that are known to affect the cortisol awakening
response have been controlled for (e.g., sleeping patterns, caffeine,
drug abuse).
While the ﬁndings of the current study appear to suggest
important implications for the research of maternal prenatal stress
effects they are limited by the design and sample size. Therefore,
future studies with more adequate designs are required in order to
conﬁrm the signiﬁcant relationships between maternal personality, prenatal stress, and maternal cortisol levels. Future studies

should also consider assessing maternal personality before
pregnancy in order to investigate the possibility that the transition
to parenthood – demarcated by pregnancy – may induce changes
in maternal personality traits (e.g., see Paris and Helson, 2002).
4. Conclusion
Despite the study’s limitations the results of the present study
suggest that subjective measures of psychological distress and
cortisol levels during pregnancy are related to maternal trait
anxiety scores. Maternal prenatal stress has been deﬁned and
assessed differently across studies on the effects of maternal stress
on child development with measures used ranging from single or
multiple subjective psychometric state and/or trait measures to
biological correlates of stress (e.g., salivary cortisol levels). While a
small number of studies were able to use exposure to a natural
disaster as a more objective measure of stress (Glynn et al., 2001;
Laplante et al., 2004; Huizink et al., 2008), and a few studies
assessed maternal levels of salivary cortisol (Huizink et al., 2002;
Buitelaar et al., 2003; de Weerth et al., 2003; Davis et al., 2007),
most other studies relied on self-reported psychological measures
(e.g., state and trait anxiety, pregnancy-related anxiety, depression, perceived stress, stressful life events, and daily hassles). Based
on the signiﬁcant correlations between maternal trait anxiety and
self-reported distress and the implied association between
maternal trait anxiety and cortisol levels reported in this study,
the question arises as to what extent measures of stress generally
used in studies on prenatal stress effects are able to capture stress
responses during pregnancy that are independent from mothers
inherent disposition to respond more or less to stressful
experiences. This distinction between state and trait is of crucial
importance considering the signiﬁcant heritable compound of
neuroticism (Plomin et al., 1994; Jang et al., 1996; Eaves et al.,
1999). Given that women scoring high on trait anxiety/neuroticism
– as a function of their genetic make-up – are more likely to give
birth to children that tend to exhibit similar personality traits,
associations between mothers’ reported stress exposure during
pregnancy and offspring’s stress reactivity may be confounded by
shared genes. However, maternal trait anxiety/neuroticism may
have a number of effects over and above genetics: (1) the enhanced
stress reactivity of women with high trait anxiety/neuroticism
may amplify the biological mechanisms of fetal programming (e.g.,
higher cortisol levels), (2) the greater number of stressful life
events individuals with high trait anxiety/neuroticism typically
experience may affect the child both pre- and postnatally, and (3)
maternal personality may deﬁne a large amount of the postnatal
environment’s quality (e.g., parenting, marital quality).
In conclusion, the present study suggests that maternal trait
anxiety is reﬂected in self-reported maternal stress measures and
in maternal cortisol levels and that it predicts exposure to negative
life events during pregnancy. It may, therefore, be advisable to
include measures of maternal trait anxiety/neuroticism in studies
investigating effects of maternal stress during pregnancy on child
development.
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