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Abstract

The effects of exercise on cognitive abilities have been studied. However, evidence regarding the neural substrates of sad
emotion regulation is limited. Women have higher rates for affective disorders than men, but insufficient outcomes assess
how aerobic exercises modulate central frontal activation in sad emotion inhibition and resilience among healthy women.
This study investigated the effects of aerobic exercise-related brain activity on sad emotion inhibition processing in young
women. Sad facial Go/No-Go and neutral Go/No-Go trials were conducted among 30 healthy young women to examine the
changes in the N2 component, which reflects frontal inhibition responses, between pre-exercise and post-exercise periods.
The first test was performed before aerobic exercise (baseline; 1st) and the second test was performed during an absolute
rest period of 90 min after exercise. The sad No-Go stimuli that evoked N200 (N2) event-related potential were recorded
and analyzed. The results showed that in the sad No-Go trials, N2 activation at the central-prefrontal cortex was signif-
icantly attenuated after exercise compared to the baseline N2 activation. Exercise-modulated N2 activation was not
observed in the neutral No-Go trials. The behavioral error rates of sad No-Go trials did not differ between the two
experiments. A reduced engagement of central-frontal activation to sad No-Go stimuli was shown after exercise. However,
behavioral performance was consistent between the two measurements. The findings scope the benefits of the aerobic
exercise on the neural efficiency in responding to sad emotion-eliciting cues as well as adaptive transitions reinstatement
for regulatory capabilities in healthy young women.
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Introduction
Background

The ability to effectively regulate emotions plays an
important role in facilitating social interaction and psy-
chological adaptation. The prefrontal cortex (PFC) is
noteworthy as the controller of executive functions, con-
trolling various cognitive processes that are also involved
in self-regulation (Thayer et al. 2009; Williams et al.
2009). Over the past decade, several correlational studies
have demonstrated a relationship between physical activ-
ity/aerobic fitness and brain function by using event-related
brain potentials (ERPs) and functional magnetic resonance
imaging techniques (Chaddock et al. 2012; Hillman et al.
2011; Kramer and Erickson 2007; Pontifex et al. 2011).
Most evidences support the beneficial effects of chronic or
acute participation in physical activity on brain health and
cognition (Hillman et al. 2011), however, some of the
reported findings of exercise-induced changes in cognitive
performance are inconsistent (Lambourne and Tom-
porowski 2010). Systemic reviewer explained those mod-
erators of facilitating effects of exercise on cognitive
flexibility or variations were different from time-dependent
properties (Ji et al. 2017) and that there were further dif-
ferences between particular exercise interventions, study
populations (Bayazit and Ungur 2018) and the types of
cognitive tasks employed (Zschucke et al. 2015; Lam-
bourne and Tomporowski 2010).

Subsequently, acute exercise was considered of the most
effective behavioral techniques for exploring brain func-
tion, particularly mood self-regulation. Studies indicated
that women have higher rates of affective disorders than
men (Hyde et al. 2008; Pluchino et al. 2013a, b) and are
more responsive to affective manipulations (Bradley et al.
2001; Guntekin et al. 2017; Morita et al. 2001; Yamamoto
et al. 2001). The ability to effectively regulate emotions
such as sadness plays an important role in facilitating social
interaction and mental well-being. The effects of acute
exercise could modulate emotional arousal through corti-
cal-subcortical control via dopaminergic neurotransmis-
sion (Zheng and Hasegawa 2016). Increased physical
exercise is associated with benefits for cognitive and
affective adaptation as well as behavioral functioning
(Budde et al. 2016). Physical activity-related response
inhibition control has been investigated across different
ages and populations in patients with psychological disor-
ders (Hillman et al. 2009, 2011; Voss et al. 2010, 2013),
however, the effects of exercise on the inhibition control
neural processing of negative emotions like sadness
(hereafter sad emotion processing) in women remain
unclear.
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Research has indicated that exercise has beneficial
effects on human cognitive abilities and influences brain
function, particularly frontal lobe-mediated cognitive pro-
cesses (Dietrich and Sparling 2004; Hillman et al.
2003, 2011). Acute exercise is associated with significant
increase in corticosterone levels and decreased negative
emotions or stress responses through dopaminergic mech-
anisms, specifically by attenuating the acute exercise-in-
duced increase in plasma corticosterone (Mika et al. 2015).
Mitigation of stress is an important target for improving
quality of life (Subhani et al. 2018). One study supports the
idea that exercise engages arousal mechanisms, in the
reticular-activating system, and the authors therefore pro-
pose a neurocognitive model of transient hypofrontality as
a mechanism for the psychological effects of exercise to
account for the psychological consequences of acute
exercise (Dietrich 2006; Dietrich and Audiffren 2011).
Research has shown that exercise enhances neurogenesis
and neuroplasticity (Budde et al. 2016), duplicate from
short-term physical activity (Austin et al. 2014; Ostadan
et al. 2016; Puiu et al. 2016; Salame et al. 2016). The brain
is inherently flexible and can tremendously change with
experience. The current study, via electrophysiology,
explores whether exercise modulates central-frontal acti-
vation performance in healthy women during a sad emotion
inhibition challenging.

Electroencephalographic investigation
of cognitive processing

Electroencephalography (EEG) is a safe and convenient
method for measuring brain activity. ERPs are EEG
changes that are time-locked to a stimulus event; in par-
ticular, the high temporal resolution of ERPs enables the
measurement of neural activity. Thus, ERPs are ideal for
studying a subset of processes that occur between a stim-
ulus-encoding event and response production. Compared
with task performance measures, EEG and ERP measures
enable researchers to precisely analyze the effects of acute
exercise on cognition. ERPs provide insights into the fine-
grained mechanisms underlying the beneficial effects of
physical fitness and acute exercise bouts on executive
control processes.

Facial Go/No-Go task

Emotion regulation is mainly attributed to thePFC, and the
cognitive Go/No-Go task is the most frequently used test to
assess the effects of acute exercise on the functions of the
PFC. Sad facial expressions constitute one type of funda-
mental negative emotional stimulus that conveys important
information in social communications (Schneider et al.
1994a, b). The emotional Go/No-Go task is a modified
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variant of the probability Go/No-Go task, in which the
control is measured in the context of emotional informa-
tion. The emotional Go/No-Go task can serve as an
effective probe for central-frontal lobe functions (Swainson
et al. 2003). Response inhibition is a cognitive control
process that coordinates the selection and execution of
willed actions (Friedman et al. 2009). The sad facial No-Go
task has been used to elicit negative emotions compared
with passively viewing simple, unpleasant pictures for the
No-Go condition (Boecker et al. 2007; Phan et al. 2004).
Emotion regulation was measured after mood induction.
The task efficiently commands attention toward evocative
stimuli and potentially invokes sadness (negative emotion)
during No-Go processing. The ERP component N200 (N2)
is often elicited in No-Go trials in Go/No-Go tasks. The N2
component often reflects executive cognitive control
functions and is a negative-going wave that peaks at
200-300 ms after a stimulus.

As mentioned above, the objective of the current study
was to investigate the possible changes in aerobic exercise-
related brain activity in a sad emotion Go/No-Go task and
to compare the same in the neutral control task by ana-
lyzing N2 components (amplitude and latency) through
EEG. We hypothesized that the neural indices of sad
response inhibition would be altered in accordance with
exercise for healthy women. Furthermore, deficits in PFC
function are the most common finding in psychological
illness or psychiatric disorders (Davidson et al. 2000), and
deficient PFC function is known to interfere or impair
cognitive function in responding to emotional challenges,
such as distractibility, working memory, weak emotional
regulation, poor error monitoring, or concentration (Lupien
et al. 2009; Kessing 1998). The EEG signals was also
observed to change in the local antero-frontal and distant
regions in the brain hemisphere for mild cognitive impaired
patients (John et al. 2018). To obtain objective information,
the study would avoid those impacts by carefully recruiting
participants and studying how aerobic exercise modulates
central frontal activation or resilience in healthy women
during a sad emotion inhibition challenge.

Methods
Ethical considerations and participants

This study was reviewed and approved by the Institutional
Review Board of Chang Gung Memorial Hospital
(CGMH), Taiwan. All experiments were performed in
accordance with the guidelines and regulations of the
Institutional Review Board of CGMH. Written informed
consent was obtained from each participant before the
experiment was conducted. Through advertisements, we

recruited 30 paid, right-handed, female volunteers, aged
approximately between 18 and 22 years (mean age:
20.4 years). Exclusion criteria were a history of neuro-
logical, psychiatric disorders (including premenstrual dys-
phoric disorder, as evaluated using the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition);
chronic cardiorespiratory illnesses; limb movement disor-
der; use of cortisol medications; and personality disorders.
Furthermore, all subjects were not athletes who believed to
have additive effects on spatio-temporal processing (Rao
2018; Isoglu-Alkac et al. 2018; Bayazit and Ungur 2018) or
brain connectivity (Tharawadeepimuk and Wongsawat
2017). Before the experiment, each participant was asked
to refrain from alcohol for at least 48 h and from caf-
feine/tobacco for 12 h.

Acute exercise session

We conducted 2 runs of the emotional paradigm (one Sad
and one Neutral; the order was random). Each subject
underwent two emotional Go/No-Go paradigms with EEG
recordings. The 1st EEG was recorded before aerobic
exercise as a baseline; the 2nd EEG was documented
during a 90-min break after aerobic exercise.

In this study, moderate-intensity aerobic cycling exer-
cise was conducted. The exercise intensity was primarily
determined by calculating the maximal heart rate (HRmax)
using the following formula: 220 — age. The exercise
guidelines of the American College of Sports Medicine
recommend that the exercise intensity should be 60-90%
of the HRmax. The total caloric expenditure during a
training session is determined by the intensity and duration
of exercise, and these 2 factors are integrally related. To
ensure participants’ safety during the exercise intervention,
a pilot study was conducted to establish the physical
activity protocols, particularly the exercise intensity, before
the formal experiment was conducted. We measured heart
rate variability 3 times across fitness training.

The exercise session consisted of 20 min of walking on
a treadmill that ran at a consistent speed, approximately
25.6-28.8 mph (16-18 km/h). The graded practice was
preceded by a warm-up (5 min, 1% grade). The partici-
pants spent 5 min at each of the 3% and 4% grades, and the
last 5 min was a cool-down phase from 2% grade to 1%
grade. The within-participant comparison design amelio-
rates inter-participant variations and thus yields a higher
statistical power than that of a between-participant com-
parison experiment.

Task and stimuli

Participants were required to complete a sad facial Go/No-
Go task with a 500-ms presentation of a fixed cross picture
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as a warning signal, followed 1000 ms later by a 500-ms
presentation of a facial expression picture. Stimuli were
displayed centrally on a white background at a viewing
distance of approximately 60 cm. The stimulation set
comprised digitized black-and-white pictures of faces
taken from the Ekman collection of faces (Ekman 1992;
Ekman et al. 1983). The task required participants to press
a bar in response to an emotional facial expression (neutral,
fearful, or happy; Go trials) or withhold the response to a
sad expression (No-Go trials). In addition, an emotionally
neutral Go/No-Go task was performed in a different
experimental setting. Participants were required to respond
to a symbol set (square, star, or triangle; Go trials) but
withhold the response to a circle symbol (No-Go trials);
this task was based on our previous work (Hwang et al.
2009). We used the symbol Go/No-Go task as the neutral
control instead of using a neutral face as the No-Go event
because a neutral face could be recognized by participants
as a negative valence (Chiu et al. 2007). Participants per-
formed identical experimental paradigms (sad and neutral
Go/No-Go trials) during the pre-exercise (baseline) and
post-exercise sessions. The Go/No-Go trial ratio was 80%
over 20%. For successful No-Go trials, the ERP N2 com-
ponent elicited by sad and neutral emotions was analyzed;
it was calculated from 19 channels for each participant and
for each condition.

ERP recording

EEG recordings were conducted in a quiet room by using
elastic caps affixed to 19 electrodes that were designed to
conform to the international 10-20 system (Version 5.4-16-
2.0, Medicom MTD). The EEG signal was recorded from
19 sites (Fpl, Fp2, F3, F4, F7, F8, Fz, C3, C4, Cz, T3, T4,
T5, T6, P3, P4, Pz, O1, and O2 for the standard 10-20
system) and was performed on symmetrical (anterior-
frontal, frontal, anterior-temporal, temporal, posterior
temporal, central, parietal, and occipital regions) brain
areas. The epoching and initial processing of the continu-
ous EEG recording was extracted from the 200 ms pre-
stimulus to 1000 ms post-stimulus window. The filters
were set from 0.5 to 70 Hz and the sampling frequency was
256 Hz. The impedance was maintained below 10 kQ for
all electrodes. Amplitudes were measured as the change
from the pre-stimulus (baseline), and N2 latency was
defined as the time point of the maximum amplitude. To
prevent a memory effect, a few alienation errands were
reliably given to participants during the approximately 1.5-
h interval between the 2 EEG recording phases (baseline
and post-exercise).
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Analysis
Behavioral data

Descriptive statistics, including the averages and standard
deviations (SDs; mean £ SD) of the behavioral perfor-
mance and error rates (ERs) of No-Go trials, were evalu-
ated. We calculated differences in the behavioral
performance ERs of the sad and neutral No-Go trials
between pre-exercise and post-exercise periods by using
2-tailed paired ¢ tests.

ERP No-Go N2 component

ERPs were analyzed for successful No-Go trials as mea-
sured by correct responses to the No-Go trial (N2 latency
and amplitude), and thus the error trials were excluded
from processing. The NoGo-N2 voltage included all the
negative points that were preceded or succeeded by nega-
tive values between 200 and 300 ms after the stimulus
onset. The mean N2 amplitudes and peak latencies were
calculated within windows that were determined on the
basis of inspection of the grand average waveforms. The
N2 effect associated with response inhibition was maximal
at the central-frontal electrodes. We focused on the anal-
ysis over 10 frontal-central electrode sites. To assess the
effects of exercise and emotion on sad No-Go N2 ampli-
tudes and latency, we conducted 2 x 2 two-tailed repe-
ated-measures analyses of variance (ANOVAs) to
determine the main effects of exercise (pre-exercise vs.
post-exercise) and emotion (sad vs. neutral) on central-
frontal sites (Fpl, Fp2, F3, F4, F7, F8, Fz, C3, C4, and Cz).
We performed post hoc pairwise comparisons when
ANOVA vyielded significant main effects. A successive
comparison of the emotional N2 amplitude and latency was
conducted using 2-tailed paired ¢ tests.

Correlation between N2 component and ER

Pearson correlation coefficient analysis was used to eval-
uate the relationship between the N2 component (ampli-
tude and latency) and ERs in the sad and neutral No-Go
trials in the 2 sessions (pre-exercise vs. post-exercise). The
correlation analysis was specifically conducted on the
centering electrode, Fz, because this region plays a key role
in response inhibition (Buodo et al. 2017). In the emotional
Go/No-Go task, the main effect of exercise on N2 activa-
tion was primarily identified at the Fz site. The analysis
was conducted using SPSS; significance was set at p = .05.
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Results
ERP: emotional NoGo-evoked N2

The data revealed a main effect of exercise for emotion
NoGo-N2 amplitude among almost central PFC regions.
Aerobic exercise did not affect the N2 latency in the sad
and neutral trials (p > .05; Table 1); in contrast, N2
amplitude differed significantly (exercise x emotion) at
the Fpl, Fp2, F7, F3, Fz, F4, C3, Cz, and C4 channels [F(1,

Table 1 Repeated-measures ANOVA of the main effects of aerobic
exercise and emotion in the No-Go trials in 30 healthy women

Amplitude Latency
F p value F p value

Repeated ANOVA within effects
FP1

Sad 59.968 0.000%%*%* 1.19 0.284

Neutral 0.011 0.919 1.016 0.322
FP2

Sad 35.292 0.000%%** 0.256 0.617

Neutral 1.918 0.177 0.002 0.965
F7

Sad 37.559 0.000%%** 0.153 0.698

Neutral 0.509 0.481 0.317 0.578
F3

Sad 35.989 0.000%%*%* 1.19 0.284

Neutral 3.042 0.092 2.159 0.153
Fz

Sad 19.551 0.000%** 1.366 0.252

Neutral 3.157 0.086 0.093 0.762
F4

Sad 18.948 0.000%* 0.949 0.338

Neutral 5.151 0.031%* 0.009 0.923
F8

Sad 35.227 1.903 0.52 0.476

Neutral 1.514 0.228 0.117 0.734
C3

Sad 8.951 0.006%** 0.026 0.873

Neutral 4.315 0.047* 2.087 0.159
Cz

Sad 21.054 0.000%%*%* 0.004 0.948

Neutral 8.349 0.007%** 2.207 0.148
C4

Sad 8.18 0.008%*%* 1.22 0.278

Neutral 8.985 0.006%** 1.006 0.324

29) = 59.97, 35.29, 37.56, 35.99, 19.55, 18.95, 8.95, 21.05,
and 8.18, respectively; p < .01; Geiser—Greenhouse cor-
rected]. There were significant interactions between emo-
tion (sad vs. neutral) and exercise (before vs. after)
regarding the N2 amplitude at the frontal electrodes (F1,
F3, Fz, and F4) [F (1, 29) =4.83, 847, 12.3, 7.06;
p < .05, < 0.01, = 0.001, < 0.05, respectively] (Geiser—
Greenhouse corrected). A successive comparison with
paired r-tests revealed that the mean N2 amplitude was
significantly reduced after aerobic exercise at the F3, C3,

Table 2 Paired ¢ test of the effects of aerobic exercise on ERP N2
activation in sad No-Go trials versus neutral No-Go trials (n = 30)

(*p < 0.05; **p < 0.01); before = before exercise; after = after
exercise
Before After t(29) P
Mean + SE Mean £+ SE

Fpl

Sad — 5.850 £ 0.670 — 5.158 + 0.600 — 1.012 0.32

Neutral — 1.208 4+ 0.529 — 2.000 + 0.576 1.627 0.115
Fp2

Sad — 5896 £ 0.824 —4.613 £0.675 — 1.571 0.127

Neutral — 1.963 4+ 0.536 — 1.996 + 0.567 0.07  0.945
F7

Sad — 5113 £ 0535 — 4304 + 0454 — 1.389 0.175

Neutral — 1.558 4+ 0.443 — 1.871 + 0477 0.931 0.36
F3

Sad — 6400 £ 0.792 — 4404 £ 0.562 — 2.569 0.016*

Neutral — 2.117 +£0.493 — 2.525 + 0.512 1.048 0.303
Fz

Sad — 7.704 £ 0935 — 5.008 & 0.605 — 3.09 0.004**

Neutral — 3.229 + 0.594 — 3.975 £ 0.657 1.313  0.199
F4

Sad —6.942 £ 0940 — 4.488 + 0.637 — 2.894 0.007**

Neutral — 2.900 &+ 0.522 — 3.092 + 0.552 0.366 0.717
F8

Sad —5.163 £ 0507 — 4.083 £ 0.640 — 1.595 0.122

Neutral — 2.379 4+ 0.453 — 2.513 + 0.373 0.308 0.76
C3

Sad — 4446 £ 0.676 — 2963 + 0445 — 2.129 0.042*

Neutral — 2.163 + 0.414 — 2.021 + 0429 — 0.396 0.695
Cz

Sad — 6321 £0.888 —3.921 £ 0495 —277 0.01%*

Neutral — 2.483 +0.516 — 1.979 +£0.580 — 1.017 0.318
C4

Sad —4.796 £ 0.815 — 2.850 &+ 0.441 — 2.586 0.015*

Neutral — 2.404 4+ 0.406 — 1.846 + 0429 — 1.297 0.205

A significant difference in the mean value of N2 amplitude was
observed in Fpl, Fp2, F7, F3, Fz, F4, C3, Cz and C4 channels during
the sad versus neutral No-Go task (*p <.05; **p < .0l;
*#%p < .001)

The mean N2 amplitude significantly reduced after aerobic exercise in
the F3, F4, Fz, C3, C4, and Cz channels under the sad condition
(p < .05

Bold value indicates the greatest exercise-dependent decreases in the
Sad NoGo-N2 amplitude were observed at the Fz electrodes (p < .005)
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Cz, and C4 channels: p < .05; F4; p < .01; Fz: p < .005 in
the sad condition (Table 2); however, this effect was not
observed in the neutral condition (Table 2). The data dis-
closed a relatively lesser PFC activation after exercise and
a greater PFC activation at baseline in sad facial
processing.

Behavioral data

The ER did not differ between pre-exercise and post-ex-
ercise periods in the Sad No-Go trials (20.5% vs. 18.9%)
and Neutral symbol No-Go trials (9% vs. 10.4%) across the
experiment [ (29) = 1.465 and — 1.03 in the sad and
neutral trials, respectively; p > .05]. Behavioral results
indicated that the acute exercise did not significantly affect
the performance of emotional No-Go task for the
participants.

Exercise-related heart rate measures

The mean (£ SD) heart rate values were 81.03 £ 13.00,
140.20 £ 18.27, and 84.20 &£ 8.31 before exercise, during
exercise, and during the 90-min rest period after exercise,
respectively. HRmax was estimated using the for-
mula 220 — age. The average exercise intensity was
70-75% for 30 healthy participants.

Correlation between ERs and N2 component

No significant correlation was observed between behav-
ioral ERs and the neural indices of Fz channel (amplitude
and latency) in the sad No-Go trials or the Neutral No-Go
trials in the 2 sessions (pre-exercise and post-exercise;
p > .05).

Discussion

The study investigated exercise-related central-frontal
activity in young women during a sad emotion inhibition
task. Central PFC activation to Sad No-Go was signifi-
cantly attenuated after exercise, but the behavioral ERs
remained unchanged before and after exercise. The central
PFC is part of the neural circuitry of emotional regulation.
Neural manifestations of central PFC flexibility required
less effort or processing resources after exercise while
achieving equal outcomes in the sad inhibition task. The
current EEG study provides the first evidence for the claim
that exercise plays a critical role in regulating the neural
basis of sad emotion inhibition processing in young
women. Several possible mechanisms of the impact of
exercise on the autonomic regulation of psychological
states are discussed in the following sections.
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Exercise attenuated N2 amplitudes in the sad No-
Go trials

Aerobic exercise modulated the sad No-Go N2 amplitude
(p < 0.05) (Table 1), with significant reductions of the N2
amplitude that emerged from the F4, Fz, C3, C4, and Cz
channels (p < 0.05) after exercise in the sad condition
(»p < 0.01). However, the N2 amplitude was unaltered in
the Neutral No-Go trials (p > .05). The tomography of the
different brain areas are related to their different functions.
Frontocentral NoGo-N2 activation was sensitive to
engaging cognitive control or inhibiting response tenden-
cies (Eimer 1993); specifically, the greatest exercise-de-
pendent decreases in the sad NoGo-N2 amplitude were
observed at the Fz and Cz electrodes (p < 0.005) (Fz, and
Cz, source at the ACC), with smaller decreases at the F4,
C3, and C4 channels (p < 0.05).

The brain network, including the anterior cingulate
cortex (ACC) and PFC, has exhibited an important mech-
anism for the self-regulation of cognition and emotion
(Balconi and Bortolotti 2013; Bush et al. 2000). In the
current study, we implemented an emotionally neutral No-
Go task to serve as a control in order to discern common
cognitive components, such as executive function, atten-
tion, working memory, motor activity, and inhibition
control. We did not detect any effects of exercise on the N2
component in the neutral tasks. It was observed that the N2
amplitude was significantly attenuated in the sad No-Go
trials after exercise. The N2 amplitude is related to how
much effort is put into a specific cognitive process with a
given ERP, with more cognitive effort corresponding to
higher ERP amplitudes. The ACC (Fz) is strongly linked to
autonomic control centers. The neurodynamic resilience of
sad response inhibition was altered in accordance with
aerobic exercises, indicating the impact of aerobic exercise
on the neural efficiency of young women’s sad emotion
regulatory capabilities.

Exercise-induced neuroplasticity relates sadness
emotional regulation

The data revealed that central PFC activation for sad facial
processing significantly decreased after exercise (Table 2),
which pinpoints a possible emotional regulation of sadness
that is beneficial for healthy women who exercise, which
can be explained by several possible mechanisms. The
effects of acute exercise could modulate emotional arousal
through cortical-subcortical control via dopaminergic
neurotransmission (Zheng and Hasegawa 2016). Acute
exercise can reduce stress reactivity by attenuating acute
exercise-induced corticosterone increases in emotion neu-
rocircuits. The effects of acute exercise on emotional
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function, as several studies have illustrated, are that exer-
cise can attenuate negative emotions (Penedo and Dahn
2005; Mata et al. 2013) and decrease fear responses (Mika
et al. 2015). ERP studies also suggest that exercise-related
central-frontal N2 activation during mood inductions is
associated with fluctuations or decreases in negative emo-
tion properties, compared to the baseline (Penedo and Dahn
2005; Heijnen et al. 2015).

Neuroimaging studies have shown associations between
sadness and significant loci of activation in the anterior
temporal pole, midbrain, amygdala, insula, and PFC (Eu-
gene et al. 2003; Levesque et al. 2003a, b). Emotional
processing is influenced by top-down processes, such as the
reappraisal of emotion-inducing events (Gan et al. 2015).
Cognitive control processes rely on the PFC, and the target
of control is located in the posterior subcortical limbic
system (Basso et al. 2015). Affective neuroscientists sug-
gest that greater PFC activity evoked by negative emotions
represents higher vigilance or awareness and is associated
with anxiety or mental illness (Davidson 2002). The
exercise-attenuated central PFC N2 amplitude may func-
tion as an emotional reset, implicitly reducing the effort
required and underlining a possible emotional regulation to
a sad cue. With underlying emotional matters, the effects of
physical exercise-induced arousal or attention varied
(Lambourne and Tomporowski 2010). Affective facial
displays have the potential to interact with an individual’s
current emotional state (Maxwell et al. 2005). As previ-
ously mentioned, the exercise-attenuated central PFC N2
amplitude may function as an emotional reset, and this
results in the reduction of the effort required to process
possible emotional regulation to a sad cue. Therefore, the
PFC activity findings reveal a dynamic exercise-induced
plasticity that may mediate the automatic modulation of
sad emotional regulation. Adequate measures of objective
emotional intensity or exercise-induced arousal level
alterations could be designed for the next manipulation.

Aerobic exercise modulated the sad No-Go N1
amplitude

Furthermore, based on the inspection of ERPs (Fig. 1),
there seems to be a significant difference between the ERPs
associated with sad No-Go stimuli before and after exercise
during the N1 time range over Cz. Then, subsequent
analysis was conducted by pair ¢ test. We found that aer-
obic exercise modulated the sad No-Go N1 amplitude, i.e.,
we observed significant amplitude reductions in the Cz
channel (p < 0.05) after exercise in the sad condition
(p < 0.01) but not in the neutral trials (p > .05). The N1
often provides a means of examining the significance of an
emotion in capturing attentional resources (Ho et al. 2015;
Ma et al. 2016; Yang et al. 2012). Studies support the idea

that emotional stimuli are more effective in capturing
attentional resources than non-emotional stimuli. The N1
was greater for stimuli that were responded to, as opposed
to those that were ignored. Studies reported that arousal
modulates valence effects on both the early and late stages
of affective picture processing (Feng et al. 2014; Yao et al.
2016). Aerobic exercises influenced the early stage of
emotional face processing, implying that participants
expended fewer attention resources into a sad cue by
exercising.

Behavioral data across exercise

Acute exercise has been linked to the facilitation of exec-
utive function (Ji et al. 2017), but our preliminary behav-
ioral analysis showed that the ERs were similar in both the
sad and neutral conditions after exercise (p > .05). Despite
growing evidence suggesting that various cognitive func-
tions are improved by physical exercise, some meta-anal-
yses indicate that single bouts of exercise had, overall,
small positive effects on cognitive performance (Lam-
bourne et al. 2010; Lambourne and Tomporowski 2010;
Chang et al. 2012) or even the opposite result, i.e.,
decreasing performance during exercise (Del Giorno et al.
2010; Wang et al. 2013). Unlike the generally positive
findings of long-term benefits of physical exercise on
cognitive functions, it was reported that the immediate
effects of exercise on cognitive performance had mixed
results (Ji et al. 2017). Those effect sizes largely depended
on the moderators that acted on the exercise-cognition
relation, such as the physical activity protocols, cognitive
task characteristics, the time between the physical and
cognitive tasks, and fatigue-producing aspects (Ji et al.
2017). Moreover, the reticular-activating hypofrontality
(RAH) (Dietrich and Audiffren 2011) model may be a
counterpart of our ER findings; the baseline behavioral ERs
of the sad No-Go trials were unchanged after exercise.
Data revealed that aerobic exercises significantly
decrease N2 amplitude by sad emotional stimuli in central
PFC regions (Table 1). Studies on cerebral blood flow and
metabolism noted that exercise reduces neural activity in
the PFC (Vissing et al. 1996; Vissing and Hjortso 1996).
These studies supported and prompted the frontal hypo-
function hypothesis of the effects of exercise on emotion
and cognition (Dietrich 2006; Dietrich and Audiffren
2011). During exercise, the percentage of total cardiac
output to the brain is drastically reduced because blood is
shunted from numerous areas, including the brain and the
muscles sustaining the workload (Dietrich 2006; Dietrich
and Sparling 2004). Cognitive processing in the brain is
competitive and mental effort is a limited resource. Acute
exercise initially engages arousal mechanisms for emo-
tional stimuli that are settled in the reticular-activating
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Fig. 1 The grand mean ERP waveforms in the sad No-Go trials
versus neutral No-Go trials at the electrode site of central-frontal
cortex. All the No-Go trials were averaged to produce the grand-mean

system, which is related to the facilitation of implicit
information processing. Subsequently, PFC deactivation
occurs partly due to the brain’s finite resources, thus
affecting an inefficient explicit system or the occurrence of
non-helpful emotional processes (Dietrich and Audiffren
2011). Such interrelated properties supported our findings
that acute exercise has no positive impact on the emotion-
related No-Go executive functions.

Behavioral data relates N2 amplitude

As abovementioned, those deliberations are applicable to
our correlation findings, at least partially. There was no
significant correlation observed between the behavioral
ERs and the neural indices of the Fz site (amplitude and
latency) in the sad No-Go trials or the neutral No-Go trials
during the two sessions (p > .05). A previous study
reported that the No-Go N2 was larger and earlier in good,
compared to poor, inhibitors (as measured by the number
of commission errors; Falkenstein et al. 1999). These
inconsistent results concerning the relationship between
behavioral inhibitions and corresponding ERPs in a Go/No-
Go task could be affected by various issues or quite a
number of procedures. The current study aimed to address
how aerobic exercises modulate central-frontal PFC acti-
vation in sad emotion inhibition and resilience among
healthy women. The exercise led to a reallocation of
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cognitive resources to the neural sub-processes that
respond to the sad inhibitory control task.

In addition, this study emphasized the possible changes
with aerobic exercise-related brain activity in a sad No-Go
N2 (amplitude and latency) and the comparison of the same
in the neutral control task. In visual Go/NoGo tasks, the
ERP is usually characterized by frontal negativity after
Nogo stimuli that (“Nogo-N2") and reflects an inhibition
process (Falkenstein et al. 1999). The ERPs elicited by Go
stimuli had no report. One consideration was that, all
subjects were asked to click the provided button as soon as
they see the non-target stimuli. The Go-response was
associated with motor preparation processes. Acute exer-
cise could influence response preparation, primarily with
maintenance of a stable motor preparation. Studies indi-
cated that acute exercise can influence excessive sub-
threshold motor preparation for non-target stimuli (Renaud
et al. 2010), the skeletal muscle contractile properties (such
as: muscular endurance, muscular power, et al.) or shows
increase in the peripheral muscle fatigability. The yield in
fatigue can also moderate the individual’s mental state and
EEG signals in cognitive performance (Zeng et al. 2018).
For this conceivable confounding factor from exercise,
thus, did not present Go-response in this current study. It is
possible to use EMG to solve the problem concerning these
variables in the next study.
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Limitations and future implications

Some limitations should be considered when interpreting
the results of the present study. We analyzed the central-
frontal N2 component alone. Future studies with a larger
sample sizes should be conducted to analyze brain regions
with sustained functional activity or late components in
some series. The effects of exercise had not yet been tested
on a sample of women performing sad emotion inhibition
tasks at the time of testing in the neurobiology division.
Future studies must conduct a detailed evaluation of the
effects of exercise on sadness intensity or valence.

Conclusion

Our study revealed the effects of exercise on the neuro-
electric indices of sad emotion inhibition. Our preliminary
findings are that in the sad No-Go trials, exercise attenu-
ated the N2 amplitude, whereas the behavioral ERs
remained unchanged. These findings suggest that exercise
can modulate the neural efficiency of executive control
processing in the context of sad emotion regulation in
healthy young women.
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