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Abstract: This study aimed to compare the cognitive performance and event-related potential (ERP)
patterns between females who have given birth (parous) and those who have not (nulliparous).
A total of 50 female participants, including 27 who were parous (33.2 ± 3.2 years) and 23 who
were nulliparous (30.8 ± 2.3 years), were recruited. Only parous females who were ≤36 months
postpartum (17.7 ± 8.1 months) were included. To compare the cognitive performance between the
two groups, we presented the 3-back task (a working memory task) and compared the accuracy
rate (%) and reaction time (ms) between the groups. Electroencephalogram (EEG) signals were
simultaneously recorded and the ERP patterns at Fz, Cz, and Pz, which are highly associated with the
3-back task, were analyzed. From the ERP patterns, we extracted N100, P300, P600, P300 peak-to-peak
(P300p_p), and P600 peak-to-peak (P600p_p). There were no significant between-group differences in
terms of accuracy rate, reaction time, or ERP components (N100, P300, P600, P300p_p, or P600p_p) at
the three sites (Fz, Cz, and Pz). Since this study, using meaningful objective data, did not show that
parity was significantly correlated with cognitive performance ability and ERP patterns, childbirth
does not appear to influence cognitive decline.
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1. Introduction

In self-report evaluations regarding the occurrence of depression after childbirth
and the negative effects of pregnancy, difficulty concentrating and short-term memory
loss, among other symptoms, were reported [1,2]. Anxiety about the decline in cognitive
function associated with pregnancy is thought to be due to an increase in psychological
and physical stress [3]. However, scientific evidence of this phenomenon has not been
clearly established. Most previous studies have suggested that these symptoms can be
explained by hormonal and cognitive changes that occur during pregnancy and in the post-
partum period. In other words, hormones like oxytocin, estradiol, and cortisol, which vary
greatly during pregnancy and childbirth, are known to induce cognitive changes [3–12].
Although there have been various attempts to objectively observe the changes in cognitive
performance in pregnant women and mothers, results have not been consistent [1,13].

It has been reported that a decline in memory occurs due to the effects of pregnancy
and that a decrease in gray matter volume in the hippocampal region related to mem-
ory is recovered only two to three years after childbirth [9,14]. However, no significant
changes in memory have been found after pregnancy, and no consistent results have been
reported [1,8,9,14–16]. There have also been reports of deficits in attention, changes in lan-
guage expression skills, cognitive decline, and memory loss during pregnancy. It has been
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suggested that these are not objective changes caused by hormones but rather are related
to sudden changes in sleep patterns (sleep time, sleep quality, insomnia, etc.) [17,18] due to
factors such as fetal movement and urinary frequency during pregnancy [19,20]. Moreover,
the decline in cognitive function during pregnancy has been attributed to the increase in
psychological and physical stress [3]. To date, changes in cognitive performance, hormones,
brain volume, and the surrounding environment, as well as stress, have been correlated
with cognitive changes during pregnancy and/or childbirth; however, it has been difficult
to produce consistent results.

Therefore, to more accurately verify the correlation between pregnancy/birth and cog-
nitive changes, further research based on biosignals, which can serve as another objective
evaluation index, is required. In particular, the amplitude of the event-related potential (ERP)
parameters of electroencephalogram (EEG) signals during a cognitive task can be used to
clearly indicate task performance [21–35]. During the performance of working memory
tasks, EEG activity appears in the midfrontal and occipital cortex regions [21,22,24–28].
Among the extractable ERP components, the amplitude of the P300 element is processed
when determining whether a presented stimulus is consistent or inconsistent with a previ-
ous stimulus during trials [22] and is known to reflect the process of updating memory [29]
and the allocation of surrounding resources [30,31]. In the case of language tasks, acti-
vation has been reported in the posterior region of the brain with the N400 component,
which reflects semantic processing [32], and the P600 components, which reflect re-analysis
processes that correct the initial syntactic analysis [23,33]. For spatial tasks, ERP has been
clearly observed in the Pz domain, with alterations in the amplitudes of the components
P200 and P300 [34]. In other words, the ERP appears to be associated with different compo-
nents according to the type of task, which suggests that the components represent different
brain activity patterns [35]. In addition, changes in amplitude among ERP components are
related to cognitive behavior, so it is an objective indicator suitable for comparing more
precise cognitive performance.

To better understand the effect of pregnancy on cognitive function, this study aimed
to objectively show whether a decrease in cognitive performance occurs in women after
childbirth. The following hypothesis was established based on previous research results
suggesting that cognitive function decreases and is then recovered two to three years
after childbirth. In this study, we hypothesized that there is a difference in cognitive perfor-
mance between women who have given birth within the previous two to three years and
women who have never given birth. If a difference is observed in cognitive performance,
we hypothesize that this will be reflected in the ERP patterns (amplitude) of the brain
regions involved.

Therefore, the present study aimed to compare the cognitive performance (correct
answer rate, reaction time) of the two parity groups: women who have carried at least
one pregnancy to viability (≥1 para) and women who have never given birth (nullipara),
using the 3-back task, a cognitive task that tests working memory. In particular, we mea-
sured ERP signals, which are strongly correlated with changes in cognitive performance,
during the cognitive task to objectively compare the groups.

2. Materials and Methods
2.1. Subjects

A total of 27 parous women (aged 33.2 ± 3.2 years) and 23 nulliparous women (aged
30.8 ± 2.3 years) participated in this study. Age (between 27 and 37 years) and educational
level (university graduation, bachelor’s degree) were analyzed between the groups. Dur-
ing pregnancy, childbirth, and the postpartum period, major hormone changes take place
in women, which may affect physical, emotional, and cognitive function. According to
previous studies, the decrease in the volume of the hippocampus related to memory loss is
restored around three years after childbirth [9,14]. Therefore, women who gave birth within
the previous 36 months were recruited for the parous group in this study. In this group,
age, delivery date (postpartum periods), delivery method (vaginal delivery, cesarean deliv-
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ery), number of fetuses (single birth, multiple births), and education level of the subjects
were collected. Of the 27 subjects, 16 gave birth by cesarean section and 11 gave birth by
vaginal delivery. Additionally, 2 had multiple births and the remaining 25 had single births.
In addition, the average postpartum period, which was counted from the delivery date,
was 17.7 ± 8.1 months. This study was approved by the Institutional Bioethics Committee
of Konkuk University (IRB project number: 7001355-201709-HR-203) and complied with
the regulations of the Helsinki Declaration. Prior to the experiment, participants were
informed about the study and provided written informed consent.

2.2. The 3-Back Task

Given the previous findings that cognitive function changes are more apparent when
memory load is increased [36], we conducted a high-difficulty 3-back task to compare more
distinct differences in cognitive function between the two groups.

We presented a 3-back task using 6 letters (A–F), as shown in Figure 1a. SuperLab5
(Cedrus) was used as the stimulus presentation program. The “3-back task” refers to a case
where the alphabet presented in Figure 1a is the same as the alphabet presented three tasks
before, in which the participant was asked to respond by pressing the space bar button
as fast as possible. Each letter stimulus was presented for 800 ms (task time), and a blank
screen (+) was presented during the interstimulus interval (2000 ms, rest time) (Figure 1b).
A total of 100 letters were randomly presented one at a time, of which 30 were the target
letter requiring the motor response. Participants performed practice trials until they fully
understood the task procedure and then performed the actual test trial. After all trials were
completed, we calculated the accuracy rate (%) and reaction time (ms).

Accuracy rate (%) = (number of correct answers/total number of questions) × 100
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2.3. EEG Measurement and Analysis

An electroencephalogram (EEG) was used to measure brain activity throughout the
entire cognitive task session. The EEG was recorded using Enobio20 (NeuroElectrics,
Barcelona, Spain) at a sampling rate of 500 Hz. We placed electrodes at a total of 19 locations
based on the 10–20 system, with the reference electrode on the right mastoid and the ground
on the right earlobe (Figure 2). The wet-electrode system (The Geltrode has a Ag/AgCl
coated core with 12 mm diameter) was used, where the EEG signal was obtained by
attaching the electrodes at the indicated sites, as shown in Figure 2. Impedance between
the electrodes and the scalp was maintained below 5 kΩ. Participants wore earphones
with white noise to exclude the auditory factor, and the experiment was conducted at an
independent laboratory to block external stimuli.
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Prior to conducting the EEG analysis, we first extracted and analyzed the trials in
which the subjects selected the correct answers for the task. We analyzed the EEG data
using MATLAB 2017 (Mathworks, USA). We analyzed signals recorded at Fz, Cz, and Pz,
which are midline sites highly correlated with working memory tasks (3-back task) [25–28].

Bandpass filtering (0.5–20 [Hz]) was used to remove power noise (60 Hz). That is,
locutoff (low-edge frequency in passband (Hz)) and hicutoff (high-edge frequency in
passband (Hz)) were set using the eegfiltfft function. After converting the data from time-
series data to the frequency axis using fast Fourier transform (FFT), preprocessing was
performed to extract only the frequency band between 0.5 and 20 Hz by removing the
area outside the set frequency band as 0. We extracted epochs of the data from 200 ms
before stimulus presentation (base time) to 1500 ms after stimulus presentation (onset time).
In order to eliminate artifacts like eye movements, we removed trials that surpassed 40 uV
and kept the total ERP of each participant under 25 uV. A total of 100 trials were recorded for
each participant, and after extracting the correct answer (23.33 trials on average), bad trials
were removed (9.5 bad trials on average). Additionally, we averaged the EEG signals for
each patient and performed baseline correction based on the signal at the base time. Finally,
we analyzed the ERPs by group.

After completing the above preprocessing procedure, the N100, P300, P600, P300
peak-to-peak (P300p_p), and P600 peak-to-peak (P600p_p) were extracted from the average
ERP pattern at the three sites (Fz, Cz, and Pz) according to the following definitions:
N100 was defined as the negative peak at 60–200 ms, while P300 and P600 were defined
as the positive peak at 250–400 ms and 500–700 ms, respectively. P300p_p was defined
as the difference between P300 and N100, and P600p_p was defined as the difference
between P600 and N100. Among the ERP components, the amplitude varied according
to the amount of attentional resources in the attentional reservoir. Therefore, changes in
amplitude are important parameters to evaluate cognitive workload [37]. In this study,
the amplitude of each component (N100, P300, P600, P300p_p, and P600p_p) of the ERP
pattern was extracted for each group and subject.

A multivariate analysis of covariance (MANCOVA) was conducted to examine whether
there were any significant differences in the amplitudes and accuracy rates and reaction
times between the two groups in terms of components extracted from the three sites be-
tween the two groups (SPSS version 25, IBM, New York, NY, USA). MANCOVA was
performed after the independent t-test results showed a statistically significant age dif-
ference between the two groups (p = 0.004). Given the research findings [38] that have
demonstrated the effects of age differences on cognitive performance, both the age and
education level were collected from the subjects and set as covariates. Simply put, the
analysis was conducted by determining the dependent variables as the amplitude of each
component (N100, P300, P600, P300p_p, and P600p_p) of Fz, Cz, and Pz; the accuracy rate
of the 3-back task; and the reaction time of the 3-back task. The independent variables were
the groups: women who have carried at least one pregnancy to viability (≥1 para) and
women who have never given birth (nullipara). The covariates were the age and the level
of education.
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3. Results
3.1. Cognitive Performance

Accuracy rate (Figure 3a) was 51.61 ± 14.09% in the parous group and 53.04 ± 14.21%
in the nulliparous group, while reaction time (Figure 3b) was 831.97 ± 207.21 ms in the
parous group and 924.43 ± 248.71 ms in the nulliparous group. MANCOVA revealed
no significant between-group differences in terms of accuracy rates and reaction times
(p > 0.05).

Appl. Sci. 2021, 11, x FOR PEER REVIEW 5 of 10 
 

performed after the independent t-test results showed a statistically significant age differ-
ence between the two groups (p = 0.004). Given the research findings [38] that have 
demonstrated the effects of age differences on cognitive performance, both the age and 
education level were collected from the subjects and set as covariates. Simply put, the 
analysis was conducted by determining the dependent variables as the amplitude of each 
component (N100, P300, P600, P300p_p, and P600p_p) of Fz, Cz, and Pz; the accuracy rate 
of the 3-back task; and the reaction time of the 3-back task. The independent variables 
were the groups: women who have carried at least one pregnancy to viability (≥1 para) 
and women who have never given birth (nullipara). The covariates were the age and the 
level of education.  

3. Results 
3.1. Cognitive Performance 

Accuracy rate (Figure 3a) was 51.61 ± 14.09% in the parous group and 53.04 ± 14.21% 
in the nulliparous group, while reaction time (Figure 3b) was 831.97 ± 207.21 ms in the 
parous group and 924.43 ± 248.71 ms in the nulliparous group. MANCOVA revealed no 
significant between-group differences in terms of accuracy rates and reaction times (p > 
0.05). 

 
Figure 3. The 3-back task. (a) Accuracy rate and (b) reaction time. 

3.2. ERP Analysis 
Figure 4 shows the average ERP pattern at Fz, Cz, and Pz channels by group. N100, 

P300, and P600 were observed across all channels. MANCOVA results showed that there 
were no significant differences in amplitude for any of the components (N100, P300, P600, 
P300p_p, P600p_p) between the two groups (p > 0.05). 

Figure 3. The 3-back task. (a) Accuracy rate and (b) reaction time.

3.2. ERP Analysis

Figure 4 shows the average ERP pattern at Fz, Cz, and Pz channels by group. N100,
P300, and P600 were observed across all channels. MANCOVA results showed that there
were no significant differences in amplitude for any of the components (N100, P300, P600,
P300p_p, P600p_p) between the two groups (p > 0.05).
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4. Discussion

In this study, we evaluated the cognitive differences between parous and nulliparous
females using the 3-back task and analyzed EEG data for electrophysiology. There were no
differences between the two groups in terms of the correct answer rate or response time.
In addition, there were no significant differences in terms of amplitude values of the N100,
P300, P600, P300p_p, or P600p_p components at Fz, Cz, and Pz.

To date, there have been no conclusive reports regarding the correlation between
pregnancy/birth and cognitive abilities, i.e., whether pregnancy affects cognitive function
and whether the effect persists after birth. In a previous study, women in their second
trimester (13–26 weeks) tended to rate themselves as more cognitively impaired than before
compared to nulliparous women, but the two groups did not differ in their performance
on objective cognitive function tests [1].

Changes in memory are known to be primarily caused by complex hormonal changes
during pregnancy, birth, or the postpartum period [3]. Oxytocin, which plays an integral
part in labor by inducing powerful contractions of the uterus, is known to affect memory
and cognitive performance, but no correlation between pregnancy-associated increases in
oxytocin levels and changes in cognitive abilities has been found [8]. In addition, estradiol,
which is a steroid hormone that is produced during the estrous cycle (the preparatory
stage for mating), is known to be maintained at levels proportional to the concentration
of hippocampal apical dendritic spines in adult human females. Increased concentrations
indicate increased synaptic surface area, which may enhance learning and memory [4,5].
In a similar animal study, estradiol was injected into ovariectomized female rats, which
affected dorsal hippocampal formation (which orchestrates spatial and episodic memories),
leading to improvements in memory consolidation [9].

As pregnancy progresses, cortisol levels, which are associated with impairments in
hippocampus-dependent cognitive domains such as language and visuospatial memories,
rapidly increase. Continued exposure to high levels of cortisol has been shown to impair
emotional and cognitive functions like the processing of selective attention and visual com-
ponents, with associated low scores in most neuropsychological tests compared to normal
controls [7,10]. Similarly, women in their third trimester of pregnancy who have high levels
of estradiol and cortisol have significantly lower mean levels of performance on a verbal
recall memory task compared to nonpregnant women. However, no significant difference
has been found in working memory task performance [6,11,12]. Therefore, while hormonal
changes during pregnancy and the postpartum period can induce cognitive impairments
and neuropsychiatric disorders like postpartum depression, consistent results have not
been obtained [13].

Almost no studies have investigated cognitive performance depending on pregnancy
and parity status in terms of brain function using ERP. In this study, we used a working
memory task to compare parity-dependent levels of cognitive performance. The ampli-
tude of the N100 component, which is the ERP observed during working memory tasks,
generally changes depending on the attention being allocated [39]. The P300 component
reflects activation of the event-categorization network for attention, judgment, recall, and
working memory [21,22]. In particular, P300 amplitude is directly related to memory, and
it reacts sensitively to the activation of attention resources during task execution [40–42].
Moreover, the P300 amplitude represents the degree of activation of the central nervous
system associated with the incoming information processing [43]. The P600 amplitude
is sensitive to mild cognitive impairment (memory impairment) and thus provides an
objective measurement of memory dysfunction. It has also been reported to be closely
related to memory load, memory maintenance, and attention [23,44–47].

In this study, we recorded ERPs during a working memory task known as the 3-
back task at the Fz, Cz, and Pz sites, which are part of the neural circuit that connects
the prefrontal cortex and inferior parietal cortex and is highly associated with working
memory [21,25,48–51]. The ERP components N100, P300, and P600, which are highly corre-
lated with attention allocation, focused attention, judgment, memory, and recall were then
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analyzed. We found no significant between-group differences in either the ERP amplitudes
or task performance (percent correct, reaction time).

In order to understand the effect of pregnancy on cognitive function, we attempted to
objectively prove whether a decrease in cognitive performance actually occurred in women
after childbirth by using a working memory task (3-back task). If pregnancy and childbirth
had a negative effect on cognitive function, the experimental results would have reflected a
negative effect in the group of women who have had experienced childbirth. However,
this study demonstrated that there is no difference in the objective cognitive function
between women who had given birth and women who had not given birth through the
3-back task, which is in contrast to the worries of women that “there would be a loss of
cognitive function due to childbirth”. Cognitive function is a crucial factor in the process of
giving birth in a safe place, nurturing children, and continuing the preservation of the race.
Although this study did not demonstrate a positive effect between the results of childbirth,
cognitive performance (3-back task), and the ERP pattern, it presented a significant result
that childbirth does not have a negative effect on the decline of women’s working memory
among the cognitive functions, through objective data. Although the present study did
not obtain hormonal data, which have been used in most previous studies, we believe
examining ERP patterns in the brain, another objective biosignal, can be used effectively to
associate neural responses with actual behavioral output.

In conclusion, this study revealed no significant differences in behavioral or electro-
physiological results between the parous and nulliparous groups. These results suggest
that giving birth does not significantly impact cognitive function. However, there were
some limitations to this study. First, the number of subjects participating in this study was
low, and the influence of some hormones may have been lower since the parous group
was composed of participants who had given birth within the previous three years and
were not tested immediately after childbirth. Second, the only cognitive task conducted in
this study was the 3-back task. We intend to recruit a variety of childbirth groups with an
increased number of participants in the future by considering the quantitative control over
the period after childbirth (comparison of groups within three years of childbirth and three
or more years after childbirth, as well as comparison between groups by each year after
childbirth), the delivery method, and the number of births. In addition, more in-depth
studies should be conducted regarding the effect of childbirth on cognitive performance
through the use of various cognitive tasks.

From the analytical perspective, studies must be conducted by classifying the signal
using independent component analysis, performing a correlation analysis between cog-
nitive measures and ERP amplitude/latency, and using various analysis methods such
as nonparametric statistical tests as well as adaptive mean amplitude extraction of ERP
patterns to extract the results and compare the ERP patterns according to childbirth.
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