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Abstract Antenatal maternal stress is thought to negatively
affect fetal development, birth outcomes, and infant’s
development. Glucocorticoids are suggested to be a
common link between prenatal stressors and infant’s health.
However, data on these mechanisms are rare and sometimes
conflicting. The objective of this study was to examine the
effects of maternal distress during pregnancy on fetal
development and birth weight in humans prospectively.
This study focuses on cortisol as one mediating the
mechanism of the association between maternal distress
and birth outcomes. Pregnancy-related and general distress
was measured in 81 women with uncomplicated, singleton
pregnancies. The rise of salivary cortisol on awakening

(CAR) was assessed in weeks 13–18 and 35–37 post-
menstrual age of pregnancy. Mothers completed a struc-
tured interview, the perceived stress scale, a widely used
psychological instrument that provided a global measure of
perceived stress, as well as the Prenatal Distress Question-
naire, a self-report questionnaire designed to assess worries
and anxiety in pregnancy. Pre-, peri-, and postnatal medical
risk factors as well as birth characteristics were extracted
from medical records routinely kept by the attending
obstetricians. Hierarchical multiple regressions indicate that
maternal cortisol levels explained 19.8% of the variance in
birth weight and 9% of the variance in body length at birth,
even after controlling for gestational age, parity, pre-
pregnancy BMI, smoking, and infant’s sex. Newborns of
mothers with higher cortisol levels in pregnancy had lower
birth weights and were shorter at birth. An ANCOVA for
repeated measures indicated that, after controlling for
covariates, pregnancy-related as well as general distress in
pregnancy did not influence cortisol levels after awakening
(area under the curve). No significant associations between
perceived stress and anthrometric measures at birth were
found. In conclusion, maternal cortisol levels in pregnancy
influence intrauterine growth and may be a better predictor
for birth outcome than perceived stress.
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Introduction

Low birth weight is still one of the greatest problems faced
by perinatal medicine. Psychological distress in pregnancy
plays a key role in this research field. Heightened emotional
stress during pregnancy may lead to poor birth outcomes, as
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well as long-term physiological, emotional, or behavioral
disturbances. Effects of prenatal environment on fetal and
child development have been studied in animals and
humans (e.g., for review, see Glover et al. 2010; Lupien
et al. 2009; Mastorci et al. 2009; Merlot et al. 2008;
O’Donnell et al. 2009; Viltart and Vanbesien-Mailliot
2007). While animal studies allow an experimental induc-
tion of stress, stressful life events or preexisting stress
levels in subjects are associated with different outcome
variables in human studies. For example, Maric et al.
(2010) explored the impact of the Belgrad bombing in 1999
on the main obstetric characteristics of newborns. The
authors found decreased birth weight in exposed mothers,
but no specific relation between the trimester of stress
exposure and birth weight. Lederman et al. (2004) found
similar effects in women experiencing the World Trade
Center (WTC) attack in their first trimester. Term infants
born to women who were pregnant on September 11, 2001
and who were living within a 2-mile radius of the WTC
showed significant decrements in birth weight and body
length at birth. In accord with these results, Xiong et al.
(2008) also reported three times higher rates of low birth
weight in full-term infants when mothers were exposed to
the Hurricane “Katrina.” Besides these extremely negative
life events, other authors have reported associations
between maternal mental distress and lower birth weight.
For instance, Oths et al. (2001) found lower birth weights
for babies of women with high strain jobs. Antenatal
maternal psychiatric disorders and antenatal distress were
associated with lower birth weight and higher percentage of
birth weight below the 10th percentile for gestational age
(Maina et al. 2008). Comparably, Henrichs et al. (2010)
showed that in late pregnancy, maternal symptoms of
anxiety or depression were related to fetal size and lower
birth weight.

Potential mechanisms related to prenatal stress exposure
and offspring outcome are still not well explored in
humans. Much of our understanding comes from animal
models and hence cannot be transferred directly to humans.
Wadhwa (2005) suggests that prenatal stress effects are
mediated, in part, via maternal–placental–fetal neuroendo-
crine mechanisms, with placental corticotropin-releasing
hormone (CRH) and glucocorticoids playing a central role.
He proposes three possible mechanisms of how signals of
maternal stress may reach the fetus: trans-placental trans-
port of maternal hormones, reduction in intrauterine blood
flow, and stress-induced suppression of maternal immune
functions (compare also Bellinger et al. 2008; Cottrell and
Seckl 2009; Maccari et al. 2003; Merlot et al. 2008;
Welberg and Seckl 2001). Glucocorticoids seem to be the
one common link between prenatal stressors, intrauterine
growth, and birth weight (Seckl and Meaney 2004; Sloboda
et al. 2000). Of maternal plasma cortisol, 10–20%, may

cross the placenta and double amniotic fluid cortisol
concentration (maternal/fetal ratio, 11: 4) (Gitau et al.
1998). Glover et al. (2009) report comparable results. They
found correlations of r=0.32 between amniotic fluid and
maternal plasma cortisol. Reports on the association
between prenatal stress and cortisol levels in human
pregnancy are sometimes conflicting. While some studies
report increased cortisol levels when mothers experienced
higher levels of stress (Obel et al. 2005) or anxiety (Glover
et al. 2009; Sarkar et al. 2008), others found no such
findings (Figueiredo and Costa 2009; Huizink et al. 2003).
Some issues in assessing the associations between stress
during pregnancy and offspring outcomes are considered
important: Associations may depend on the population
under study, different mechanisms are likely to operate at
different stages of pregnancy (Van den Bergh et al. 2005),
and the conceptualization and psychometric measurement
of stress is important. Therefore, one possible explanation
for the inconsistencies mentioned above may be the varying
definitions and conceptualizations of prenatal stress across
studies. The systematic review by Nast et al. (submitted)
identified 45 different instruments assessing prenatal
distress, which could be categorized in five categories:
mood, anxiety, general stress (general perceived stress,
daily hassles, and specific chronic socio-environmental
stressors), life events, and general health.

Given the prior findings linking severe distress with low
birthweight and the conflicting results with regard to the
association between perceived prenatal stress, cortisol
levels, and birth, it is a main interest of the present study
to illuminate these associations in a more normalized
sample with moderate stress levels. The main objective of
our study was to investigate the relationship between
prenatal distress of the mother and birth outcome, mediated
by maternal cortisol levels. Based on the thoughts outlined
above, we expected maternal prenatal distress and the
cortisol awakening response during pregnancy to be
significantly correlated with birth outcome measures (birth
weight, body length, and head circumference).

Methods

Participants and recruitment

A total of 94 women were recruited as a part of a
prospective study on child development undertaken at the
University of Trier. Subjects were enrolled in collaboration
with local obstetricians/gynecologists in private practice,
clinic departments of gynecology and obstetrics, and
information centers for pregnant women, and through
advertisements in local newspapers. Women that met
inclusion criteria (age of 16 years or older and fluency in

34 M.I. Bolten et al.



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, and thyroid hyper function), (b) signs of fetal
malformation, (c) multi-fetal pregnancies, and (d) psychi-
atric problems. One woman was excluded due to being
pregnant with twins, six women declined further participa-
tion after the first contact, five women lack cortisol
measurements at both assessment points, and one woman
was excluded due to extremely high cortisol levels.
Consequently, data from 81 (86.2%) women were available
for the present study. Comparisons between the selected
sample of 81 and the 13 excluded women indicated no
significant differences between the two groups on demo-
graphic, biological, or psychological variables. Eleven
women joined the study after week 20 of gestation and
were therefore excluded from analyses of early pregnancy
cortisol. Women from the remaining early pregnancy
subsample (n=70) were at 15.26 (SD=3.18) weeks of
gestation at first assessment. Six women had to be excluded
from the late pregnancy assessment due to missing cortisol
values resulting in a subsample of n=75.

All women were paid a compensation of 200 euros for
participation 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.

Measurements

Demographic and medical characteristics

Structured interviews were conducted by trained research
assistants and assessed sociodemographic (e.g., age, edu-
cation, occupation, income, and marital status) and medical
information. To screen the use of tobacco and alcohol in
pregnancy, participants were asked to recall the amount and
frequency of cigarettes smoked per day and alcoholic
drinks per week. The use of tobacco and alcohol were
coded dichotomously as smoking of one or more cigarettes
per day and drinking of more than one alcoholic beverage
per week. Pre-, peri-, and postnatal complications as well
birth characteristics, including anthropometrical data, and
gestational age were collected from medical records.
Pregnancies were dated using the last menstrual period or
sonographic measurements if dates were uncertain.

Prenatal distress

PSS The perceived stress scale (PSS) (Cohen et al. 1983) is
the most widely used psychological instrument for measur-
ing the perception of stress and is 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 about coping efforts, and subjective controlla-
bility of potential stressors during the past month. Internal
consistency ranges between α=0.84 and 0.86. The PSS was
administered at both assessment points.

PDQ The prenatal distress questionnaire (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 com-
plications, physical changes, birth, and 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 for the English version is α=0.81. We
administered our own German translation at both assess-
ment points of the study. Internal consistency of our
German version was α=0.81.

Salivary cortisol

Saliva samples were collected on two workdays at
weeks 13–18 (early pregnancy) and at weeks 35–37 (late
pregnancy) of gestation with the Salivette sampling device
(Sarstedt, Nümbrecht, Germany) on awakening, and 30, 45,
and 60 min after awakening. We asked participants to set an
alarm clock at 7:00 a.m. and to collect the first sample
immediately after awakening. It is well documented that
cortisol levels in saliva reflect levels of the unbound steroid
fraction in blood (Kirschbaum and Hellhammer 1994).
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 AUCg is the
most important measure of total hormonal secretion
(Fekedulegn et al. 2007). This measure has been adopted
most widely in studies involving repeated measures datasets
and represents the total cortisol output and reflects the
prominently high cortisol concentrations after awakening
during pregnancy. The AUCg is more reliable than the area
under the curve with respect to increase (Hellhammer et al.
2007).

Biochemical analysis

Samples were stored at −20°C until being analyzed. On the
day of testing, samples were thawed and centrifuged at
2,000×g at 10°C for 10 min, and a clear sample was pipetted
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into appropriate test wells. All analyses were conducted
under strict quality control. All samples from each subject
were analyzed in the same assay batch to minimize
variability using a commercial competitive luminescence
immunoassay (LIA; IBL, Hamburg, Germany). Intra- and
inter-assay variability was less than 10%. The inter-assay
variability was 3.9% for high and 7.1% for low concen-
trations. One out of ten samples was assayed in duplicate.
The mean of the duplicate samples was used for statistical
analyses.

Data analysis

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 or subscale of the
individual if applicable. Differences on demographic
characteristics, salivary cortisol levels, and psychological
stress measures between included and excluded study
participants were tested by t and χ2 tests. Differences in
the cortisol awakening response between high and low
stress groups were tested by repeated measures analysis of
variance (ANOVA) using log transformed cortisol values.
We entered the repeated factor data point (early and late
pregnancy), the repeated factor cortisol (t0, t30, t45, and t60),
and the two stress scores (high and low levels PDQ and
PSS by median split) as the between factors into the
models. Since sphericity requirements were not met, results
were Huynh–Feldt-corrected (uncorrected df’s reported). To
assess the impact of free cortisol on birth outcome measures
(birth weight, body length, and head circumference), three
hierarchical regression analysis were performed. Six cova-
riates (maternal age, parity, pre-pregnancy body mass
index, gestational age, number of smoked cigarettes, and
infant’s sex) were entered in the first step. In a second step,
we included the two stress scores (PDQ and PSS) to
evaluate the effect of perceived prenatal distress on birth
outcome variables. Cortisol levels after awakening (AUCg)
measured in early and late pregnancy were included in the
last step. For the multiple regression analysis, variables
without normal distribution were log-transformed. To
reduce the effect of multicollinearity on regression coef-
ficients, we controlled for the tolerance coefficient. Toler-
ance coefficients of covariates and predictors were between
0.47 and 0.86, indicating that between 47% and 86% of the
explained variance is independent of the variance explained
by other variables. The level of significance for all analyses
was set at α=0.05. The alpha of multiple independent t and
χ2 tests was adjusted according to Bonferroni. Statistical
analyses were carried out using SPSS Version 16.0 for Mac
OS X.

Results

Descriptive analyses

The sample mainly consisted of well-educated Caucasian
women (94.2%) with a high proportion in a medium (43.4%)
to high family income (14.5%) bracket. Participants mean age
was 31.4 years (SD 5.3). The following education levels were
observed: 5.7% had less than 8 years of schooling, 57.1% had
10 to 12 years schooling, and 37.2% had a university degree.
Eight (9.9%) women continued smoking, but there was no
self-reported alcohol or substance abuse in the sample.

Fourteen pregnancies were terminated by cesarean section,
with three cesarean sections before week 37 (weeks 35 and
33). Two of the cesarean sections were elective; none of the
vaginal deliveries were induced. Gestation was slightly
shorter in women with initiated deliveries (T52=2.07; p=
0.06; 39.7 weeks postmenstrual age (pma), SD 1.3 vs.
38.2 weeks pma, SD 2.5).

Table 1 shows the descriptive statistics of predictors,
covariates, and dependent variables. The mean pregnancy-
specific distress score was 14.47 (SD 7.91) and covered the

Table 1 Descriptives of predictors, covariates and dependent varia-
bles (N=81)

Variable M/% SD

PDQ score 14.5 7.9

PSS score 24.0 9.7

Maternal age in years 31.4 5.3

Parity

Primipara 37.2%

Multipara 62.8%

Pre-pregnancy BMI 23.4 3.7

Smoking

Yes 9.9%

No 90.1%

Cigarettes per day 1.4 4.7

Sex

Male 44.9%

Female 55.1%

Gestational agea 39.3 1.8

AUCg CAR early (13–18 weeks pma) 1,653.0 456.3

AUCg CAR late (35–37 weeks pma) 1,950.8 530.8

Birth weightb 3,421 551.5

Body length 52.3 3.1

Head circumferenceb 34.9 1.8

PDQ prenatal distress questionnaire, PSS perceived stress scale, AUCg
area under the curve, CAR cortisol awakening rise, pma postmenstrual
age, BMI body mass index
a 9.4% of sample <37 weeks
b 3.8% of sample <2.500 g
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range observed by Yali and Lobel (1999a) as well as by
Lobel et al. (2000). The mean PSS score was 24.04 (SD
9.71). Cortisol levels in early (13–18 weeks pma) and late
pregnancy (35–37 weeks pma) were significantly correlated
(r=0.59; p<0.001). Babies were born on average after 39.3
(SD 1.8) weeks pma, with an average birth weight of
3421.13 g (SD 551), body length of 52.3 cm (SD 3.1), and
head circumference of 34.9 cm (SD 1.8). All newborns had
5-min Apgar scores of 9 or 10. No baby was malformed.

Effects of maternal distress on free cortisol after awakening

Two three-way ANOVAs with repeated measures showed
that pregnancy-specific as well as non-specific distress had
no influence on cortisol levels. After awakening, cortisol
levels showed the expected rise (F=5.09, p<0.01, ω2=
0.12). There was a significant increase in free salivary
cortisol levels from early to late pregnancy (F=19.85, p<
0.001, ω2=0.35). Contrary to our expectations, maternal
distress was not associated with cortisol secretion after
awakening (AUCg) (PDQ: F=1.40, n.s., 1−β=0.92, PSS:
F=0.62, n.s., 1−β=0.97). In our sample, we did not
observe higher cortisol levels in women who reported more
pregnancy specific nor unspecific stress.

Association between cortisol after awakening and infant’s
birth outcome measures

Results of the multiple hierarchical regression analysis are
displayed in Table 2. Data revealed significant associations

between maternal cortisol secretion after awakening and
birth outcome measures after controlling for maternal age,
pre-pregnancy BMI, parity, smoking, infant’s sex, and
gestational age. The proportion of variance explained by
cortisol was 19.8% for birth weight and 9% for body length
at birth. While free salivary cortisol after awakening in
early as well as in late pregnancy predicted birth weight,
only cortisol in late pregnancy was significantly associated
with body length of the newborns. Cortisol after awakening
did not explain a significant amount of variance in head
circumference in our sample. Pregnancy-specific and
unspecific stress was not associated to anthropometrical
measures.

Concerning the covariates, gestational age predicted
all anthropometrical measures. Infant’s sex was signifi-
cantly associated with birth weight, with boys weighing
more than girls. Maternal age, parity, pre-pregnancy
BMI, and the number of cigarettes smoked per day did
not explain a significant amount of variance in anthropo-
metrical measures.

Discussion

In the present study, we attempted to evaluate whether
perceived distress during pregnancy influences birth out-
come measures and if maternal cortisol secretion after
awakening mediates this relation in 70 healthy women. The
cortisol rise after awakening is considered to be an indicator
of basal hypothalamic–pituitary–adrenal (HPA) axis activ-

Birth weight Body length Head circumference
Cortisol levels after awakening β β β
Covariates and predictors

Step 1: Covariates

Maternal age 0.07 0.01 −0.002
Parity 0.13 0.16 0.18

Pre-pregnancy BMI 0.21 0.21 0.04

Number of cigarettes per day −0.02 −0.08 0.04

Infant’s sex −0.25* −0.20 −0.18
Gestational age 0.55*** 0.48*** 0.48***

ΔR2 for step 1 0.386*** 0.318** 0.298**

Step 2: Predictors

Prenatal distress questionnaire −0.18 −0.16 −0.30
Perceived stress scale 0.04 0.05 0.26

ΔR2 for step 2 0.022 0.014 0.052

Step 3: Predictors

AUCg CAR early pregnancy −0.29* −0.08 −0.07
AUCg CAR late pregnancy −0.30** −0.28* −0.22
ΔR2 for step 3 0.198*** 0.090* 0.055

FModel 6.915*** 3.297** 2.994**

Table 2 Summary of hierarchi-
cal regression analysis predict-
ing anthropometric measures at
birth (n=70)

AUCg area under the curve,
CAR cortisol awakening rise,
BMI body mass index

*p<0.05; **p<0.01; ***p<
0.001

Cortisol levels in pregnancy as a psychobiological predictor 37



ity. Even though the 11β-HSD-2 partly protects the fetus
from maternal cortisol (Benediktsson et al. 1997), a small
amount of cortisol is able to pass (Murphy et al. 1974). It
seems that these glucocorticoids effect the intrauterine
environment, which may affect the fetus (Seckl and
Meaney 2004). However, the mechanisms in which prenatal
stress affects fetal development and birth outcome measures
are not yet well evaluated in humans. It is generally
accepted that the HPA axis is a principal stress system.
Therefore, hormones of the pituitary–adrenal system are
suggested as the endocrine link between prenatal stress and
birth outcome.

The major finding of the present study indicates that
even after controlling for maternal age, parity, pre-
pregnancy BMI, number of cigarettes smoked per day,
infant’s sex, and gestational age, maternal cortisol levels
after awakening (AUCg) explained 19.8% of the variance
in birth weights and 9% of the variance in body length. Our
findings are in line with findings from studies that have
shown reductions in weight at birth after administration of
several doses of glucocorticoids in animals and humans
(Bloom et al. 2001; French et al. 1999). Elevated free
circulating cortisol may pass through the placenta, slow
fetal growth rate, and reduce birth weight of prenatally
stressed offspring. Sloboda et al. (2000) could show that
weight at birth of merino ewes was significantly reduced by
23% at 125 days and 19% at 146 days of gestation after
exposure to betamethasone. Comparably, betamethasone
exposure caused growth retardation and decreased body
weights in lambs (Jobe et al. 2003; Jobe et al. 1998). Data
suggest that higher levels of cortisol in pregnancy may be a
risk factor for lower birth weight caused by the catabolic
potency of the glucocorticoids.

Even though studies assessing associations between
prenatal distress and offspring development often assume
that high levels of stress cause high levels of cortisol, our
results showed no relation between maternal distress in
pregnancy and levels of free cortisol in saliva after
awakening in pregnancy (AUCg). Consistent with these
findings, we found no associations between perceived
stress and any anthropometric measure at birth. These
findings are in accord with other human studies that find
no or only weak correlations between psychological
measures in pregnancy and cortisol levels. For example,
Wadhwa et al. (1996) found no significant association
between life events stress and plasma cortisol. Compara-
bly, Figueiredo and Costa (2009) found no significant
psychosocial predictors for maternal cortisol levels
3 months before childbirth. Obel et al. (2005) reported
inconsistent findings showing that women who reported
pregnancy-specific stress due to pregnancy complications
exhibited lower morning cortisol levels in early pregnancy,
but subjects who experienced more life events and stress

and were worried about existing pregnancy complications
exhibited higher evening cortisol levels in late pregnancy.
Shea et al. (2007) found lower baseline awakening cortisol
levels in pregnant women with higher childhood trauma
scores at week 20 of gestation.

Other research groups determined higher cortisol levels
in pregnant women with anxiety or depression. Evans et al.
(2008) found elevated cortisol levels during a laboratory
stress test only in the comorbid group (anxiety and
depression), but subjects with only one diagnosis did not
differ from the control group. Similarly, Field and Diego
(2008) and Field et al. (2006) reported positive correlations
between anxiety, depression, and maternal cortisol levels in
pregnancy. These inconsistencies reported above may be
caused by differences in stress operationalization across
studies (life events, pregnancy-related distress, childhood
trauma, anxiety, or depression). While animal studies allow
an experimental induction of chronic stress across random-
ized groups, human studies are limited to quasi-
experimental study designs with subjects varying in levels
of preexisting stress, experiencing of stressful events, or in
the experimental manipulation of short-term stress effects.

Another explanation why we did not find associations
between prenatal stress and cortisol levels after awakening
may be that morning values are at their peak and it would take
remarkably high stress levels to raise the already elevated
levels. Morning levels of salivary cortisol significantly
increased from early to late pregnancy in our study. With
progressing pregnancy, plasma levels of CRH increase by the
rising CHR production in intrauterine tissues (Challis et al.
2000). As a result, maternal pituitary adrenocorticotrophic
hormone (ACTH) secretion and plasma ACTH levels, as well
as total and free cortisol levels, rise (Allolio et al. 1990).
Although we did not found a significant association between
maternal distress and cortisol secretion after awakening, it
cannot be ruled out that extreme levels of psychosocial stress
may result in enhanced cortisol levels. In contrast to other
studies, we measured cortisol levels after awakening and used
the area under the curve with respect to ground (AUCg) as
predictor. Although the cortisol rise after awakening (CAR) is
a frequently applied measure of pituitary–adrenal activity,
which has high intra-individual stability (Hucklebridge et al.
2005) and can be easily be assessed in saliva samples
collected by the subject under real life conditions, this index
has a number of weaknesses. The CAR cannot be observed in
25% of healthy adults (Wust et al. 2000). The CAR is
relatively distinct from the diurnal variations in HPA axis
activity and is rather an additional phenomenon reflecting
specific processes associated with awakening (Wilhelm et al.
2007). Therefore, it could be important for future research to
study the associations between perceived stress, diurnal or
evening cortisol levels, and birth weight. It should also be
considered that the HPA axis is a highly adaptive system,
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which is characterized by marked intra- and interindividual
variability. The salivary cortisol secretion might be influenced
by many other factors. A recent review (Hansen et al. 2008)
provides an overview of variations in saliva cortisol levels in
field studies. A multitude of studies within the last years
examined interindividual variations with regard to cortisol
levels. Variability can be both biological and methodological
in origin. One major problem in field studies involving data
collections by the participants themselves is the possible non-
compliance to the sampling protocol, especially concerning
the correct timing of sampling (Kudielka et al. 2003).
Seasonal variations have been reported by Persson et al.
(2008). Besides gender and age, life-style variables (e.g., sleep
pattern, diet, medication, drug consumption, and physical
activity) can also have an impact on cortisol secretion. For
example, sleep duration and sleep quality as well as
awakening seem to be potent stimuli to trigger cortisol release.
Patients with insomnia are reported to display blunted salivary
cortisol levels after awakening (Backhaus et al. 2004). Time of
awakening (Federenko et al. 2004) and nocturnal awakening
(Hucklebridge et al. 2000), what is found frequently in
pregnant women, may also affect salivary cortisol levels.
Food intake (Hershberger et al. 2004), caffeine (Lovallo et al.
2005), and moderate physical activity (Frey 1982) may be
physiological challenges to the HPA axis. Although most
pregnant women stay abstinent from alcohol and nicotine,
both can have pronounced effects on the endocrine function.
Cigarette smoking (Rohleder and Kirschbaum 2006) as well
as moderate alcohol consumption (Kokavec et al. 2009) can
affect cortisol levels. In humans, it is difficult to control for
all confounding variables and to establish a causal link
between prenatal stress and birth outcomes.

Another reason may be the small sample size and therefore
little variance in stress levels. We were not able to compare
extreme groups with regard to maternal distress. Maternal
HPA axis would only be changed if a critical threshold of
stress were exceeded.

Despite these limitations, the current data provide
evidence that higher levels of cortisol after awakening,
which is a stable marker of adrenal function, are associated
with lower birth weight of the offspring. It can be
ascertained that high cortisol levels in pregnancy may be
a risk factor for low birth weight. Women’s cortisol levels
after awakening were not explained by perceived prenatal
stress. Further studies are needed to explore if perceived
stress during pregnancy influences cortisol levels using
larger samples and repetitive cortisol measures during the
day.
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