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A B S T R A C T

This study investigated cognitive, neural and endocrine function during late pregnancy. One of the first to
examine brain ERPs in pregnant women, the study is unique in its focus on response inhibition function. In the
study, cognitive function was evaluated by a digit-symbol coding test, an arithmetic ability test, and a visual
stop-signal task which places enhanced demands on impulse control and response inhibition, considered a
hallmark of executive function. Brain activity was measured by scalp-recorded Event-Related Potentials (ERPs)
during the stop-signal task. HPA axis reactivity was assessed by measuring salivary cortisol levels before and
after experimental sessions. Test performance, ERPs and cortisol reactivity were compared across groups of 23
women in their third trimester of pregnancy and 22 non-pregnant controls. Pregnant women scored lower than
the control group on the digit–symbol coding test. On the stop-signal task, both groups had similar error rates,
but pregnant women had longer response times to Go trials. On the Stop condition of the task in which a
response must be inhibited, pregnant women demonstrated significantly better performance. At the electro-
physiological level, in response to Go stimuli pregnant women exhibited greater amplitude of P2 than controls.
In response to Stop-signals, pregnant women had lesser amplitudes of P1 and N2 and greater amplitude of P3.
Cortisol reactivity to the test session was significantly more pronounced in non-pregnant women with significant
correlations found between cortisol reactivity and behavioral responses. The results suggest that response pat-
terns of women in late pregnancy are less impulsive and more cautious and controlled.

1. Introduction

Studies that have assessed subjective reports of cognitive change
during pregnancy find that most pregnant women perceive their cog-
nitive functioning as being adversely affected. They subjectively rate
themselves as having poorer memory, attention and concentration
abilities relative to the pre-pregnancy period (Brett and Baxendale,
2001; Christensen et al., 1999; Crawley et al., 2003; Crawley et al.,
2008; Henry and Rendell, 2007). Empirical studies in this field have
focused primarily on memory function and have yielded inconsistent
results (Henry and Rendell, 2007). While some studies support the self-
reported memory decline during pregnancy (Brett and Baxendale,
2001; Buckwalter et al., 1999; Crawley et al., 2008; de Groot et al.,
2006; Farrar et al., 2014; Macbeth and Luine, 2010; Rendell and Henry,
2008), others have failed to identify any impairment (Casey et al.,
1999; Christensen et al., 2010; Crawley et al., 2003; Logan et al., 2014;
Onyper et al., 2010), and still others suggest specific pregnancy-related
advantages and improvements in certain memory tasks (Christensen

et al., 1999; Anderson and Rutherford, 2012).
Similar inconsistencies in results emerge in the far fewer studies that

have assessed other aspects of cognition such as attention and executive
function during pregnancy; some studies report, for example, attention
deficits in pregnant women (de Groot et al., 2003), while others fail to
recognize pregnancy-related changes in attention (Crawley et al., 2008;
Buckwalter et al., 1999; Farrar et al., 2014). These discrepancies may
be due to methodological variations, e.g. using different types of tasks,
with each task examining a specific aspect of cognition; as well as
discrepancies in comparison groups and participants' characteristics
such as stage of pregnancy and parity. All in all, the relatively small
number of objective studies on cognitive function during pregnancy
draws a complex picture and does not entirely support the frequently
self-reported cognitive decline among pregnant women.

If pregnancy involves cognitive changes of some sort, it is reason-
able to speculate that these are mediated by, or associated with, preg-
nancy-related physiological processes, particularly those related to the
nervous and endocrine systems. Little research has been carried out on

https://doi.org/10.1016/j.yhbeh.2019.104575
Received 9 October 2018; Received in revised form 29 July 2019; Accepted 19 August 2019

⁎ Corresponding author at: The Max Stern Yezreel Valley College, Emek Yezreel 19300, Israel.
E-mail address: sivanr@yvc.ac.il (S. Raz).

Hormones and Behavior 116 (2019) 104575

Available online 26 August 2019
0018-506X/ © 2019 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/0018506X
https://www.elsevier.com/locate/yhbeh
https://doi.org/10.1016/j.yhbeh.2019.104575
https://doi.org/10.1016/j.yhbeh.2019.104575
mailto:sivanr@yvc.ac.il
https://doi.org/10.1016/j.yhbeh.2019.104575
http://crossmark.crossref.org/dialog/?doi=10.1016/j.yhbeh.2019.104575&domain=pdf


the neural and/or hormonal changes accompanying the perceived
cognitive changes. Research in non-human females (especially rodents)
indicates a number of morphological and neurochemical changes oc-
curring throughout the brain during pregnancy (Kinsley et al., 2006).
Many of these changes occur in brain regions known to underlie cog-
nition, such as the hippocampus, cortex, limbic system and olfactory
bulb (Rendell and Henry, 2008). However, very little is known about
neuroanatomical and neurofunctional changes in the brain of pregnant
women. In an MRI study, Oatridge et al. (2002) reported an overall
decrease in brain volume during pregnancy, with the brain returning to
preconception size in the postpartum period. Hoekzema et al. (2016)
found pregnancy-related reductions in gray matter volume in regions
subserving social cognition. These reductions endured for at least two
years post-pregnancy. Concerns about the safety of brain imaging (e.g.
fMRI and PET) during pregnancy may have hampered neurofunctional
research from proceeding. Roos et al. (2011) examined neural circuitry
involved in processing fear-relevant stimuli during pregnancy using
Near-Infrared Spectroscopy (NIRS), which is non-invasive and involves
no harmful radiation. They found altered prefrontal cortex function
during processing of fear-relevant stimuli in pregnant women when
compared with controls and suggested that the underlying neuroana-
tomical basis for cognitive-affective alterations during pregnancy may
include frontal-amygdala circuitry. Bannbers et al. (2013) used event-
related functional magnetic resonance imaging and found that women
in postpartum (within 48 h of delivery and at 4–7weeks postpartum)
displayed lower activity during response inhibition task in the bilateral
inferior frontal gyri and precentral gyri compared to non-postpartum
controls. However, this study did not examine neurofunctional changes
during pregnancy.

The non-invasive Event-Related Potentials (ERPs) technique may
provide another safe means for assessing brain function during preg-
nancy (Maupin et al., 2015). ERPs are scalp-recorded electro-en-
cephalographic (EEG) measurements of the activity of neural popula-
tions in response to a stimulus. ERPs offer excellent temporal precision
and resolution in measuring the dynamic nature of the neural activity
underlying sensory and cognitive processing. Studies on ERP correlates
of cognitive function during pregnancy are scarce (Olofsson et al., 2005;
Rutherford et al., 2016; Rutherford et al., 2017), with only one study
examining ERPs in response to visual stimuli (Raz, 2014). This study
assessed sustained attention by using a visual oddball task in which
pregnant and non-pregnant women had to point out as quickly as
possible the occurrence of a “target” (deviant, rare) stimulus while
withholding response to any “non-target” (standard, frequent) stimulus.
Results showed pregnancy-related cognitive modulations accompanied
by alterations in amplitudes of the N170 and P300 ERP components.

Pregnancy involves drastic endocrine changes, including consider-
able change in the function of the hypothalamic-pituitary-adrenocor-
tical (HPA) axis. The HPA axis is considered a critical physiological
system that mediates response to stress and psychological and physio-
logical arousal. In the face of environmental stressors, the HPA axis is
activated, resulting in the secretion of cortisol from the adrenal cortex
to the blood stream. The secretion of cortisol, which represents a bio-
logical indicator of arousal, is an adaptive response that alerts the in-
dividual to environmental changes and promotes the recovery of
homeostasis (Foley and Kirschbaum, 2010). Cortisol has been shown to
affect cognitive function since it is capable of modulating psychological
processes related to attention, learning and memory through its action
at receptors in limbic structures such as the amygdala and hippocampus
(Fairchild, 2012). In general, pregnancy is characterized by a pro-
gressive increase in plasma concentrations of CRH, ACTH and cortisol
(Brunton et al., 2008; de Weerth and Buitelaar, 2005), while the diurnal
rhythm of cortisol mainly remains the same (Kivlighan et al., 2008).
However, despite the high levels of basal cortisol, pregnancy has been
repeatedly shown to be a physiological state in which HPA axis re-
sponsiveness to stressors is markedly attenuated. Progressive dam-
pening of the HPA axis and attenuation of behavioral stress responses

during pregnancy have been reported mainly in female rodents
(Brunton et al., 2008) and, to a lesser extent, in women (de Weerth and
Buitelaar, 2005; Kammerer et al., 2002). It has been suggested that
attenuated reactivity of the HPA axis may work to protect mother and
offspring from the adverse effects of arousal and stress (Brunton and
Russell, 2008; Brunton et al., 2008; Macbeth and Luine, 2010).

The aim of the present study was to investigate pregnancy-related
behavioral, neural and endocrine correlates of cognitive function. The
pregnancy group comprised of women in the third trimester of preg-
nancy since most studies in this field reported more significant cogni-
tive and endocrine changes during late stages of pregnancy (e.g.
Brunton and Russell, 2008; Brunton et al., 2008; Christensen et al.,
2010; de Weerth and Buitelaar, 2005; Foley and Kirschbaum, 2010;
Henry and Rendell, 2007; Kammerer et al., 2002; Raz, 2014). Specifi-
cally, cognitive function was evaluated by a digit-symbol coding test
that measures attention and visuomotor ability, an arithmetic test that
measures arithmetic/computational ability, and a visual stop-signal
task. The mental arithmetic task, in addition to measuring specific
cognitive ability, is also frequently used as a method to induce stress in
the field of psychophysiology (Castaldo et al., 2015; de Weerth and
Buitelaar, 2005; Karthikeyan et al., 2011; Karthikeyan et al., 2012;
Kirschbaum et al., 1993). The stop-signal task, one of the most widely
used behavioral paradigms in studies of cognitive control, was per-
formed while electrophysiological recording took place. This atten-
tional task places enhanced demands on response inhibition and im-
pulse control by inducing a strong response set (the participant is
expected to respond most of the time but occasionally must inhibit his/
her tendency to respond). Stopping a response requires a fast control
mechanism that prevents the execution of the motor response. Response
inhibition, i.e. the ability to inhibit inappropriate or irrelevant re-
sponses, is a hallmark of executive function that allows individuals to
restrain habitual responses, detect errors, and learn from errors by
behavioral adaptation (Li et al., 2008; Lijffijt et al., 2005; Logan, 1994;
Verbruggen and Logan, 2008). The stop-signal task has been suggested
as a promising tool for the evaluation of behavioral impulsivity in
various clinical and normative populations (Chamberlain and Sahakian,
2007; Dimoska and Johnstone, 2007). Impulse control may be of im-
portance in promoting pregnant woman's health and successful devel-
opment of the fetus. We hypothesized that pregnant women will de-
monstrate better capability in inhibiting their tendency to respond on
stop-signal trials.

Existing literature include some adult stop-signal ERP studies in
non-clinical populations (though most studies were done on children).
Several ERP components (e.g. N2 and P3) with a fronto-central or
central scalp distribution have been linked with the response inhibition
process as their amplitude is augmented in Stop trials relative to Go
trials. Importantly however, unlike the present study, most of existing
adult studies used auditory stop-signals and focused on differences
between successful and unsuccessful stop trials (Dimoska et al., 2006;
Kok et al., 2004; Ramautar et al., 2004). The present study was not
interested in general effects of the stop signal task within a single group,
but rather in inhibitory control differences between pregnant and non-
pregnant women. To our knowledge, no ERP study to date has ex-
amined attention and response inhibition in pregnant women using a
stop-signal task. Given the lack of previous studies in this field (re-
sponse inhibition-related ERPs during pregnancy), our ERP analyses are
partly exploratory in nature. To examine HPA axis responsiveness, le-
vels of cortisol in saliva were measured before and after completion of
the test session, which may be considered a mild cognitive psycholo-
gical stressor (de Weerth and Buitelaar, 2005; Karthikeyan et al., 2011).
We expected attenuated cortisol reactivity in pregnant women relative
to controls. Test performance, ERPs and cortisol reactivity to the
mental-cognitive challenge were compared across groups of pregnant
(third trimester) and non-pregnant women. Correlations between cor-
tisol reactivity and behavioral and ERP responses were also evaluated.
Such correlations were not previously explored in pregnant women.
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The estimated prevalence of perinatal anxiety disorders varies con-
siderably between studies, with inconclusive evidence as to whether
prevalence among pregnant women differs from that of non-pregnant
populations. However, many studies do suggest that pregnancy is a time
of increased vulnerability for the development of anxiety and report
high incidence of antenatal anxiety disorders (Biaggi et al., 2016;
Giardinelli et al., 2012; Goodman et al., 2014; Raz, 2014; Ross and
McLean, 2006; Viswasam et al., 2019). It is therefore important, in the
context of the present study, to take anxiety levels of pregnant and non-
pregnant women into consideration, and to control for possible in-
volvement of anxiety in between-group differences in neurocognitive
function and cortisol reactivity. The present sample thus included only
women with no known prior history or current diagnosis of mental
disorders including anxiety, and trait and state anxiety levels were as-
sessed.

2. Methods

2.1. Participants

Twenty-three pregnant women in the third trimester of pregnancy
and 22 non-pregnant women participated in this study. The sample
consisted of college administrative and academic staff as well as un-
dergraduate and graduate students. All participants were Jewish
women with Hebrew as their mother tongue. Inclusion criteria required
that pregnant participants be: 18 years of age or older, not currently
suffering from a serious medical condition, experiencing normal current
pregnancies, and without a history of adverse pregnancy-related con-
ditions or terminations. The cut-off gestational age for inclusion in the
study was 26weeks. Non-pregnant control participants were matched
to the pregnant group for age, ethnicity, socioeconomic status, educa-
tional level and number of children. 50% of pregnant women and 48%
of non-pregnant women were mothers; children were over 1 year of
age. Characteristics of pregnant and non-pregnant women are reported
in Table 1. All participants had normal or corrected-to-normal vision,
and none had a prior history of neurological or psychiatric disorders.
Written informed consent was obtained from all participants with un-
dergraduate students given course credit according to their academic
requirements and staffmembers participated voluntarily. The study was
approved by the institutional review board.

2.2. Measures

2.2.1. State-trait anxiety inventory
State Anxiety (SA) and Trait Anxiety (TA) were measured by the

Spielberger State-Trait Anxiety Inventory (STAI) (Spielberger et al.,
1983). The STAI state scale consists of 20 statements asking people to
describe how they feel at a particular moment in time rated on a 4-point
intensity scale ranging from ‘not at all’ to ‘very much so’. The STAI trait

scale consists of 20 statements describing how people generally feel
rated on a 4-point frequency scale ranging from ‘almost never’ to ‘al-
most always’. Scores range from 20 (low anxiety) to 80 (high anxiety).
Cronbach's alpha value for the current sample was 0.786 for the State
anxiety scale and 0.862 for the Trait anxiety scale.

2.2.2. Digit-symbol coding test
A subtest taken from the Wechsler Adult Intelligence Scale - Third

Edition (WAIS–III) (Wechsler, 1997). This test consists of a look-up
table showing pairs of digits and hieroglyphic-like symbols and rows of
boxes with a digit in the top section of the box and an empty space in
the bottom section. Using the index of digit-symbol pairs, the subjects
are asked to draw the appropriate symbol under each number. The
grade on this subtest is determined by the number of symbols copied
correctly within a time frame of 120 s. This subtest measures attention
and visual-motor speed and complexity. The maximum grade is 131.

2.2.3. Arithmetic ability test
A 32-question test consisting of various arithmetic problems that

can be solved without the use of a calculator (Raz and Leykin, 2015).
The test included 19 problems taken from Raven's Progressive Matrices
Test (Raven, 1938), a widely used, nonverbal test of analytic in-
telligence which has been found to predict performance on a wide
range of reasoning tasks (Carpenter et al., 1990). Questions suitable for
participants above the age of 14 were chosen; additionally, 13 basic
arithmetic problems consisting of addition, subtraction, division, mul-
tiplication and simple exponentiation operations were devised, such as:
60: [20:(9–4)+ 3×3+2]. In accordance with the Raven test, there
were eight possible answers for the arithmetic problems. Participants
had 13min in total to complete the test, and in order to increase the
perceived importance of the test, logos of the academic institution, the
council for higher education, and the national institute for testing and
evaluation were visible on top of each booklet. Cronbach's alpha value
was 0.816.

2.2.4. Stop-signal task
The task consisted of 288 photographs of faces (50% male) taken

from a standardized face database (Lundqvist et al., 1998). Facial ex-
pressions were angry or neutral with 50% probability. These stimuli
were presented randomly, one at a time, at the center of a computer
screen against a white background, for 500ms; 75% of the trials were
“Go” trials in which participants had to identify the facial expression
(angry/neutral) of the stimuli by pressing the left or right button of a
computer mouse. Participants were instructed to respond as quickly as
possible without compromising accuracy. On a random 25% of trials
(“Stop” trials), the Go stimulus was immediately followed (and re-
placed) by a 250ms visual stop-signal- a red X mark, and participants
had to withhold/inhibit any response to the primary Go stimulus, re-
gardless of the facial expression (response inhibition). Each trial was
followed by a blank screen for an inter-trial interval of 1250ms. The
experiment was preceded by a short practice block. During the session,
subjects were seated in an armchair, 80 cm away from a 19″ computer
screen. Responses could be made during stimulus presentation as well
as during inter-trial intervals. Participants were asked to refrain from
making eye movements and blinking, as much as possible, throughout
the session. The duration of the task is about 9min.

Error rates on Go and Stop trials and response times on Go trials
(GoRTs) were extracted for analyses.

2.2.5. EEG/ERP recording; data acquisition
EEG was recorded continuously during the stop-signal task using a

64-channel Hydro Cel Geodesic Sensor Net, Net Amps 300 amplifier,
and Net Station, Version 4.2, software (Electrical Geodesics Inc.,
Eugene, OR) at 250 Hz with 0.1 Hz high-pass and 100 Hz low-pass fil-
tering. Electrode impedances were maintained below 60 kΩ. All chan-
nels were referenced to the vertex sensor during acquisition. After

Table 1
Characteristics of pregnant and non-pregnant women with respect to age,
education level, number of children, gestational age and levels of state- and
trait anxiety.

Pregnant (n= 23) Non-pregnant (n= 22)

Mean SD Range Mean SD Range p

Age (years) 33.74 4.80 23–42 31.50 6.53 22–44 0.20
Education

(years)
17.74 2.94 13–21 17.09 2.32 13–21 0.49

Number of
children

0.78 0.90 0–2 1.00 1.19 0–3 0.42

Gestational age
(weeks)

32.00 3.69 26–37 – – –

State anxiety 51.74 2.28 47–56 52.68 1.58 50–56 0.12
Trait anxiety 32.96 4.61 27–43 34.09 8.92 22–61 0.60
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acquisition, during “offline” processing, the continuous EEG was fil-
tered with a 1–30 Hz band-pass filter and segmented by condition into
800ms stimulus-locked epochs, ranging from100 ms pre-stimulus to
700ms post-stimulus. Epochs contaminated with vertical eye move-
ments (eye blinks;± 140 μV) and horizontal eye movement (± 55 μV)
artifacts, as identified by computerized algorithm and verified by visual
inspection, were eliminated. In addition, a recording segment was
marked bad if it contained more than ten bad channels. Individual bad
channels were replaced on a segment-by-segment basis with spherical
spline interpolation. After artifact correction, an average of 86.5% of
the 288 trials was retained in the analysis. Total trial numbers included
in the analyses did not differ between groups. Averaged ERP data were
base line corrected and re-referenced into an average reference frame.
All stimulus presentations and behavioral response collections were
controlled by a PC computer running E-prime 2.0 software (Psychology
Software Tools Inc., PA).

2.2.6. Target-evoked ERP components
Based on previous ERP stop-signal studies (Dimoska et al., 2006;

Dimoska and Johnstone, 2007; Di Russo et al., 2016; Johnstone et al.,
2013; Kok et al., 2004; Ramautar et al., 2004; Ramautar et al., 2006;
Shen et al., 2011) and following inspection of scalp topography dis-
tributions, we quantified the peak amplitudes of the face sensitive N170
(150–180ms post-stimulus) and P2 (180–340ms post-stimulus) in re-
sponse to Go stimuli (time-locked to the face stimuli), and P1
(110–180ms post-stimulus), N2 (230–350ms post-stimulus) and P3
(350–500ms post-stimulus) in response to Stop stimuli (time-locked to
the stop sign). N170 was analyzed for occipitotemporal channels
(average of channels 29, 30, 32, 35, 39, 43, 44, 47). P2 to Go stimuli
was analyzed for two scalp locations: posterior parietal-occipital
(average of channels 33, 34, 35, 36, 37, 38, 39) and frontal (average of
channels 2, 3, 5, 6, 8, 9, 10, 11). P1 to Stop stimuli was analyzed for
posterior parietal-occipital channels (average of channels 33, 35, 36,
37, 38, 39) and frontal channels (average of channels 3, 4, 6, 7, 9, 54).1

N2 was analyzed for right frontal channels (average of channels 4, 51,
53, 54, 57, 59, 60) and P3 to Stop stimuli was analyzed for cen-
troparietal channels (average of channels 4, 7, 16, 21, 28, 31, 34, 40,
41, 42, 51, 54). For the electrode array, see Fig. 1.

2.2.7. Cortisol saliva assessment and analysis
Salivary cortisol levels were measured twice during the experi-

mental session: at the beginning of the experiment (base-line; T1) and
20min after completion of the last task (T2). Subjects were instructed
not to eat, drink (except for plain water), chew gum, smoke or brush
teeth for 60min prior to their arrival at the lab. They rinsed their mouth
thoroughly with cold water prior to collection of the saliva samples;
2 mL samples of saliva were collected into polypropylene tubes.
Samples were maintained at room temperature until the session was
completed and then frozen at −20 °C until assayed. All samples re-
mained frozen prior to assay and then were centrifuged at 2000×g for
10min. Salivary cortisol concentrations were analyzed in duplicate (the
average of the duplicates was used in all analyses) using a commercial
Enzyme-Linked Immunosorbent Assay (ELISA) kit (IBL International,
Hamburg, Germany) according to manufacturer's protocol.

2.3. Procedure

Pregnant and non-pregnant participants were invited to the la-
boratory. Upon arrival at the lab, experimenters confirmed that parti-
cipants had adhered to all instructions as delineated above; participants
were then asked to rinse their mouths thoroughly with cold water.
Subsequently, they completed the first collection of saliva samples (T1).
Participants then completed the state-trait anxiety inventory, the stop-
signal task with EEG-ERP recording, the digit symbol-coding test and
the arithmetic ability test. Twenty minutes after completion of the ar-
ithmetic ability test, participants were asked for the second time to
rinse their mouths thoroughly with cold water and provided the second
saliva sample (T2). Participants were allowed to have short breaks
between tasks. All experimental sessions took place between the hours
of 12:00–17:00. See Fig. 2 for schematic description of the procedures
during the experimental session.

2.4. Statistical analysis

Between-subject differences in state and trait anxiety, digit-symbol
coding test, and arithmetic ability test performance were analyzed by
independent-sample t-tests.

In analyses of the behavioral and ERP data related to the stop-signal
task, angry and neutral faces stimuli were combined to create a single
variable (Go stimuli), since preliminary analyses performed with both
angry and neutral faces showed neither main effects of facial expression
nor interaction effects between facial expression and pregnancy status.
As a result, behavioral function and brain activation reflected both
general and emotional face processing. To examine group differences in
error rates we conducted mixed-model 2×2 ANOVA, with Condition
(Go/Stop) as the within-subject factor, and Group (pregnant/non-
pregnant) as the between-subject factor. Independent sample t-tests and
paired-sample t-tests were used for post-hoc comparisons. Group dif-
ferences in GoRTs were assessed by independent sample t-test. To assess
the relationship between pregnancy and brain activity, we used in-
dependent sample t-tests to analyze amplitudes of the pre-selected ERP
components in response to Go and Stop stimuli. The Bonferroni cor-
rection was used to adjust for multiple testing. Only results that re-
mained significant after the correction are reported. To assess cortisol
reactivity, we used a 2× 2 mixed-design ANOVA. Time (T1-base-line/
T2–20min post-test session) was the within-subject factor, and Group
(pregnant/non-pregnant) was the between-subject factor. Follow-up
independent sample t-tests were used to break down main effects of
Group and interaction effects. Pearson analysis was used to test corre-
lations between levels of cortisol and behavioral and ERP results.2

Numeric electrophysiological and behavioral results are presented as
Mean ± SEM (the standard error of means) both in the text and in the
figures.

3. Results

3.1. State-trait anxiety inventory

No differences in trait or state anxiety were found between pregnant
and non-pregnant women (p=0.598; p=0.116, respectively).

3.2. Digit–symbol coding test

One participant from each group was excluded from analysis due to
familiarity and previous experience with this test. Pregnant women had

1 Polarity conventions at the field of ERP studies are highly inconsistent. ERP
waveforms can be plotted with upward deflections indicating positive or ne-
gative potentials at the active electrode relative to the reference electrode. Both
conventions are used in the literature and no consensus exists as to which is
preferable. When comparing waveforms to those in the literature, it is essential
to consider differences in recording system and reference method (Duncan
et al., 2009; Picton et al., 2000). In this study, all channels were referenced to
the vertex sensor during acquisition and then re-referenced into an average
reference frame. This resulted in positive going posterior P1 and P2 with a
corresponding frontal polarity reversal mirroring posterior effects (see also:
Bloom et al., 2013; Flaisch et al., 2010; Mensen et al., 2014).

2 Preliminary correlation analyses within the pregnant group showed no
significant correlations between tests performance/ERPs/cortisol levels and
gestational length. Therefore, further analyses were not adjusted for gestational
length.

O. Fiterman and S. Raz Hormones and Behavior 116 (2019) 104575

4



N170- Go

Fz

Cz

Pz

Oz

P2- Go

Fz

Cz

Pz

Oz

(b)

(a) P1- Stop

Oz

Pz

Cz

Fz

N2- Stop

Fz

Cz

Pz

Oz

(d)

(c)

P3- Stop

Oz

Pz

Cz

Fz

(e)

Fig. 1. Layout of the electrode array and electrodes chosen for analyses of N170 & P2 to Go stimuli (a, b), P1, N2 & P3 to Stop stimuli (c, d, e).
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poorer performance on the digit-symbol coding test (79.54 ± 2.30)
compared to non-pregnant women (86.85 ± 2.69) [t(41)=−2.07,
p=0.045, Cohen's d= 0.63].

3.3. Arithmetic ability test

No differences were found between pregnant and non-pregnant
women for this test (p=0.98).

3.4. Stop-signal task behavioral results

One participant from the control group was excluded from beha-
vioral analyses due to equipment malfunction.

Analysis revealed a significant within-subject effect of Condition [F
(1,42)= 17.41, p=0.0001, η2p=0.29], with higher error rates on
Stop trials (36.90% ± 4.62) than on Go trials (19.41% ± 2.26). There
was also a significant Condition × Group interaction effect [F
(1,42)= 5.35, p=0.026, η2p=0.11]. Post-hoc analysis showed that
pregnant women had significantly lower error rates on Stop trials than
non-pregnant women [t(42)=−2.18, p=0.035, Cohen's d= 0.65],
while no such difference was found for Go trials (p=0.91). In addition,
follow-up comparisons (paired-sample t-tests) showed that non-preg-
nant women had significantly higher error rates on Stop trials com-
pared to Go trials [t(20)= 4.26, p=0.0001, Hedges's g= 0.35], while
no such difference was found for pregnant women (p=0.17) (Fig. 3a).

Pregnant women had longer GoRTs (978.27ms ± 36.26) relative
to non-pregnant women (848.31ms ± 49.74) [t(42)= 2.14,
p=0.038, Cohen's d= 0.64] (Fig. 3b).

3.5. Stop-signal task electrophysiological results

One participant from the pregnant group and two participants from
the non-pregnant group were excluded from ERP analyses due to ex-
cessive artifacts in the EEG data.

3.5.1. N170 to Go stimuli (150–180 ms post-stimulus)
The Go face stimuli resulted in pronounced N170 in both pregnant

and non-pregnant participants; however, no significant between-group
effects were found for this component.

3.5.2. P2 to Go stimuli (180–340 ms post-stimulus)
Analysis of P2 to Go stimuli at frontal channels revealed that

pregnant women had more pronounced (more negative) P2 amplitude
(−2.56 μV ± 1.62) compared to non-pregnant women
(−1.38 μV ± 1.76) [t(40)=−2.26, p=0.029, Cohen's d= 0.70]
(Fig. 4). No between group differences were found at posterior chan-
nels.

3.5.3. P1 to Stop stimuli (110–180ms post-stimulus)
Analysis of P1 to Stop stimuli at posterior parietal-occipital channels

revealed that non-pregnant women had greater (more positive) P1
amplitude (4.23 μV ± 2.51) than pregnant women (2.60 μV ± 2.29)
[t(40)=−2.19, p=0.034, Cohen's d= 0.68]. Over frontal channels,
corresponding effects were apparent with reversed polarity; non-preg-
nant women had greater (more negative) P1 amplitude
(−1.81 μV ± 1.21) compared to pregnant women (−0.97 μV ± 0.70)
[t(40)= 2.68, p=0.012, Cohen's d= 0.84] (Fig. 5).

3.5.4. N2 to Stop stimuli (230–350ms post-stimulus)
Analysis of N2 to Stop stimuli at right frontal channels revealed that

non-pregnant women had greater (more negative) N2 amplitude
(−1.21 μV ± 1.24) compared to pregnant women (−0.32 μV ± 0.86)
[t(40)= 2.72, p=0.010, Cohen's d= 0.83] (Fig. 6).

3.5.5. P3 to Stop stimuli (350–500ms post-stimulus)
Analysis of P3 to Stop stimuli at centroparietal channels revealed

that pregnant women had greater (more positive) P3 amplitude
(1.45 μV ± 0.96) compared to non-pregnant women (0.56 μV ± 1.22)
[t(40)= 2.61, p=0.013, Cohen's d= 0.81] (Fig. 7).

3.6. Cortisol saliva levels

Saliva samples of two participants from each group were excluded
from analysis due to contamination with blood.

Cortisol levels 20min post-test session (T2; 1.04 μg/dL ± 0.03)
were higher than base line cortisol levels (T1; 0.94 μg/dL ± 0.03) in
both groups [F(1,39)= 22.55, p=0.0001, η2p=0.37], suggesting that
the HPA axis was activated during the test session. There were also
significant differences in cortisol levels between the groups [F
(1,39)= 20.25, p=0.0001, η2p=0.34], such that pregnant women
had lower cortisol levels (0.90 μg/dL ± 0.04) than non-pregnant
women (1.09 μg/dL ± 0.03). Importantly however, these main effects
were subsumed under a significant Time × Group interaction effect [F
(1,39)= 4.86, p=0.033, η2p=0.11]. Follow-up paired comparisons
showed that cortisol reactivity was more pronounced in non-pregnant
women [t(19)=−4.04, p=0.001, Hedges's g= 1.07] than in preg-
nant women [t(20)=−2.40, p=0.026, Hedges's g= 0.31] (Fig. 8a).
Another way to look at this interaction is to calculate the difference in
cortisol levels between T2 and T1 (T2 – T1), and to compare this dif-
ference between the two groups. t-Test analysis revealed that the dif-
ference in cortisol levels between T2 and T1 was significantly higher in
the non-pregnant group than in the pregnant group [t(39)=−2.20,
p=0.033, Cohen's d= 0.69] (Fig. 8b).

Cortisol reactivity was negatively correlated with GoRTs
(r=−0.38, p=0.008), and positively correlated with error rates on

Fig. 2. Schematic description of the procedures during the experimental ses-
sion.
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Stop trials (r=0.39, p=0.005).

4. Discussion

In this study, cognitive, neural and hormonal functions were as-
sessed in women in the third trimester of pregnancy and in non-preg-
nant comparison women. On the Digit-symbol coding test which mea-
sures attention and visual-motor speed, the pregnant group scored
significantly lower than the control group. These results are consisted
with our hypothesis and are in line with Henry and Sherwin (2012) who
also reported that women in late pregnancy performed worse than
controls on the Digit-symbol coding test. The lowered test performance
among pregnant women was not due to higher error rates in matching
the appropriate symbol to each number, but rather to the fact that they
completed fewer symbols within the specified time frame; i.e. pregnant
women were as accurate, but slower, than non-pregnant controls. A
similar pattern of results was found on the Go condition of the Stop-
signal task: while pregnant and non-pregnant women did not differ with
respect to error rates, pregnant women had significantly longer (slower)

GoRTs than controls. Women's tendency to react more slowly during
late pregnancy has been reported by others (Crawley et al., 2008; Henry
and Sherwin, 2012; Raz, 2014). Importantly, however, pregnant
women demonstrated significantly better performance than controls on
the Stop condition of the Stop-signal task in which a response must be
inhibited. Response inhibition is considered a key measure of executive
control and has been used extensively in cognitive neuroscience, cog-
nitive psychology and psychopathology. Response inhibition deficits
have been strongly associated with several psychological and neurolo-
gical disorders such as attention-deficit/hyperactivity disorder (ADHD),
obsessive-compulsive disorder (OCD), conduct disorder (CD), substance
abuse, and frontal brain damage (Alderson et al., 2007; Chambers et al.,
2009; Groman et al., 2009; Oosterlaan et al., 1998; Verbruggen and
Logan, 2009). Successful inhibition allows for the suppression of no
longer required, unsafe or inappropriate behavioral responses and
supports goal-directed, flexible, and adaptive behavior in a constantly
changing environment. Results of the present study suggest enhanced
inhibitory control function among pregnant women relative to controls.
It seems that pregnant women tend to have a more cautious, less
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impulsive, pattern of behavior, reflected in fewer errors on the Stop
task. This may suggest better monitoring and adjustment of response
strategies to achieve an optimal balance between the conflicting de-
mands of the Go and Stop tasks. Success in Stop trials may come at the
cost of slower RTs in Go trials which may explain the longer GoRTs
found for the pregnant group (i.e. trading speed in the Go task for
success in the Stop task when a stop-signal is expected to occur).

At the electrophysiological level, neural activation in pregnant
women engaged in the stop-signal task differed significantly from that
of controls. Pregnant women exhibited greater amplitudes of the P2
ERP component in response to Go stimuli. P2 originates in the visual
association cortex and is thought to represent inhibition of further
processing of sensory input via automatic stimulus identification and
discrimination/classification, or inhibition of other channels of in-
formation competing for attention (Barry et al., 2003). It is believed to
index the early attentional recruitment that forms a basis for sub-
sequent cognitive processing (Key et al., 2005; Yuan et al., 2008).

Interestingly, many studies have shown larger P2 amplitudes following
auditory and visual stimuli in individuals with ADHD relative to con-
trols (Barry et al., 2003). Augmentation of P2 may reflect the recruit-
ment of additional brain resources for perceptual processing of Go sti-
muli; and may partly explain the longer motor response times evident
in pregnant women on the Go condition.

On the Stop condition of the task, we found that pregnant women
exhibited significantly lesser amplitudes of the P1 ERP component in
response to Stop-signals relative to controls. P1 is an early sensory
component generated by extrastriate visual areas in the initial percep-
tual stage of information processing. It is the first component of the
visual ERP waveform to be reliably modulated by voluntary attention
and it is considered an index of attention-related processes and mobi-
lization of attentional resources (Luck, 2012).

In accordance with the P1 results, pregnant women also had smaller
frontocentral N2 amplitude to stop stimuli relative to controls. The N2
component is related to conflict monitoring processing and assumed to
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reflect the inhibition of the pre-potent response in Stop trials. It has
been interpreted as a neural signal that precedes or initiates active in-
hibition of a button-press response and has been suggested as a sensitive
measure of online inhibitory processing (Donkers and van Boxtel, 2004;
Folstein and Van Petten, 2008; Kok et al., 2004). In a visual Go-NoGo
task, Prox et al. (2007) found increased N2 for ADHD adults compared
to healthy controls. They suggested that ADHD adults have to trigger

the inhibition process more strongly in order to compensate for their
impairment. It is possible that the smaller P1 and N2 amplitudes found
in pregnant women may indicate higher pregnancy-related efficiency of
neural activation when a pending response should be suppressed.

Group differences were also found for the P3 ERP component;
Pregnant women had more pronounced P3 amplitude at centroparietal
channels. P3 has been linked with inhibitory executive control and is
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thought to reflect inhibition process activated when an urgent stopping
is required (Dimoska et al., 2006; Dimoska and Johnstone, 2007; Kok
et al., 2004). Larger P3 to stop trials may reflect a more successful
stopping in the context of stop-signal tasks. Reduced P3 on inhibition
trials, has been reported in several clinical and normative populations
characterized by impulsivity (Bekker et al., 2005; Dimoska and
Johnstone, 2007; Overtoom et al., 2002). Thus, together with the better
performance on the Stop condition of the task found for the pregnant
group, neural (P1 & P3) and behavioral (error rates) results converge to
suggest more efficient mechanisms of inhibitory control leading to less
impulsive responsivity and better response inhibition function during
late pregnancy compared with controls.

Endocrine results showed that pregnant women had lower levels of
salivary cortisol than controls immediately before and 20-min after the
test session. The finding of lower baseline levels of cortisol is not in line
with previous reports indicating gradual increase in baseline cortisol
during pregnancy (de Weerth and Buitelaar, 2005; Mastorakos and
Ilias, 2003; Sandman et al., 2006). However, unlike the present study,
some of these studies evaluated plasma cortisol (Davis et al., 2011;

Mastorakos and Ilias, 2003; Sandman et al., 2006), and many have
focused on the cortisol awakening response (CAR) (Buss et al., 2009;
Entringer et al., 2010; Hellgren et al., 2013). Never the less, this finding
should be replicated in additional studies with larger samples. Im-
portantly, as expected, cortisol reactivity to the test session was sig-
nificantly more pronounced in non-pregnant women. It is well estab-
lished that the maternal HPA axis undergoes adaptations through
pregnancy that might contribute to avoidance of adverse effects of
stress and psychological arousal on mother and offspring. The respon-
siveness of the HPA axis to stressors is progressively attenuated from
mid-pregnancy onwards. Suppressed HPA axis responses to a wide
range of psychological and physical stressors during late pregnancy and
lactation were found in female rodents and, to a lesser extent, in women
(Brunton et al., 2008; Brunton and Russell, 2008; de Weerth and
Buitelaar, 2005; Kammerer et al., 2002; Macbeth and Luine, 2010).
Exposure to stress and glucocorticoids during pregnancy may adversely
affect the development of physiological systems in the fetus, resulting in
increased susceptibility to several diseases and psychological disorders
in adulthood (Barker, 2002). High levels of cortisol during pregnancy
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have been also associated with shorter gestational age and lower
birthweight of neonates as well as smaller head circumference, ab-
dominal circumference, and biparietal diameter (Bolten et al., 2011;
Field et al., 2006). It has been postulated that HPA axis hyporespon-
siveness acts to buffer the impact of stress, reducing fetal exposure to
excess glucocorticoids, thereby minimizing the risk of detrimental fetal
programming (Brunton and Russell, 2008; Welberg and Seckl, 2001).
Results of the present study provide additional support to the concept of
HPA axis hyporesponsiveness to psychological arousal/stress during
human late pregnancy. Interestingly, significant correlations were
found between the degree of cortisol reactivity (the difference in cor-
tisol levels between pre and post-test session) and behavioral responses:
The lower the cortisol reactivity, the longer the response times to Go
stimuli and the smaller the error rates on Stop trials. These results
highlight the possible involvement and contribution of pregnancy-re-
lated changes in HPA axis and cortisol responsiveness to the cognitive
and neural alterations seen here in pregnant women. It should be noted
that pregnant and non-pregnant women did not differ in their mean
levels of trait and state anxiety, alleviating the concern of confound

between ‘being pregnant’ and ‘being anxious’.
In the interpretation of our results, a few considerations need to be

taken into account: The present study included both primigravid and
multigravid women (matched with nulliparous and multiparous con-
trols). Future studies may attempt to control for reproductive history,
parity and mothering by, for example, including only primigravid and
nulliparous women; or comparing primigravid and multigravid women.
It is also worthwhile to prospectively explore cognitive, ERP and cor-
tisol changes from early to late pregnancy and from late pregnancy to
postpartum.

The sample used is relatively small and included college adminis-
trative and academic staff and undergraduate/graduate students, thus,
the mean level of education was relatively high. This may affect par-
ticipants' attitude, motivation and performance and may limit the
generalizability of results to the general pregnant population.
Replication of the results in larger and more representative samples of
varying education, socioeconomic status, and ethnicity will help es-
tablish the generalizability of our results. Future studies may also in-
clude a more thorough assessment of potentially related personality

Fig. 8. (a) Salivary cortisol in pregnant and non-pregnant groups at base-line (T1), and 20min after the test session (T2). (b) Differences in cortisol between T2 and
T1 for the pregnant and non-pregnant groups. *p < 0.05, **p < 0.01, ***p < 0.0001. Error bars represent SEM.
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factors such as impulsivity. Finally, while levels of cortisol were clearly
affected by the experimental challenge (were significantly higher post-
test than pre-test), the present study was not designed as a ‘classic’
stress study. Future studies should further investigate stress-related
neurocognitive processes and cortisol reactivity during pregnancy. Such
studies may include tasks and stimuli known to induce higher levels of
psychological stress (e.g. the ‘Trier Social Stress Test’), as well as a non-
stress control condition, and a more thorough assessment of cortisol
reactivity and recovery by measuring levels of cortisol on several time
points before, during and after the experimental session. Correlations
between cortisol reactivity and test performance were analyzed here for
the whole sample since the relatively small samples did not allow for
sufficient statistical power to analyze correlations separately for each
group. Future studies with larger samples should address this limitation
to further validate the relation between cortisol and neurobehavioral
function in pregnancy.

In conclusion, this study is one of few conducted to date examining
brain ERPs in pregnant women and the first to focus on response in-
hibition function. Taken together, the current results suggest that re-
sponse patterns of women in late pregnancy, while engaged in cognitive
tasks, tend to be less impulsive and more cautious, restrained and
controlled; trading speed for accuracy. While being slower to produce
motor responses to target stimuli, pregnant women were significantly
better at withholding unnecessary responses when signaled to do so.
They also had moderated electrophysiological neural responses to stop-
signals associated with lower levels of cortisol and reduced cortisol
reactivity to test-related psychological stress. From an evolutionary
perspective, heightened precautionary behavior, attenuated physiolo-
gical and psychological arousal and reduced maternal stress response, is
warranted during pregnancy to optimize fetal growth and development
(Hahn-Holbrook et al., 2011). Contrary to the subjective perception of
overall cognitive decline frequently reported by pregnant women, our
results indicate that some domains of cognitive function may be actu-
ally improved in pregnant women when compared with non-pregnant
women.
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