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Abstract: Exercise benefits our emotional function, particularly frontal lobe-mediated cognitive processes. Recent studies 

have indicated that affective neural circuits are modulated by premenstrual syndrome (PMS). Meanwhile, observational studies 

have reported that physical activity can promote PMS remission. Nonetheless, few studies have investigated the effect of 

physical activity on sad emotion recognition from a neurobiological perspective. Our objective was to explore the relationships 

between exercise and high order sad emotion cognitive processing in women with PMS. We conducted a sad facial emotion 

recognition task to examine the effects of aerobic exercise on activity in central frontal regions with electroencephalography in 

31 participants. Participants were divided into a high (HPMS) or low severity PMS (LPMS) group according to self-reported 

PMS scores. We then analyzed cortical activity in response to sad cues, comparing such activity between the groups. Repeated 

ANOVA and pooled t statistics were used for statistical analysis. We observed a significant reduction in the N250 wave evoked 

by sad emotions after exercise compared with baseline at most channels in HPMS (P < 0.05), but not in LPMS. There was also 

a significant post-exercise prolongation of N250 latency at F3 and C3 in HPMS. There were no differences in N250 activation 

between the groups at baseline but significantly lower activation was noted in the lateral prefrontal cortex (PFC: F7 and F8) of 

HPMS compared with LPMS after exercise. Furthermore, higher PMS scores were significantly associated with greater PFC-

N250 amplitude before exercise, but this was not observed after exercise. Acute exercise induced significant brain activity 

changes in response to sad cues in the HPMS group only. Furthermore, significantly lower activation of the lateral PFC was 

found after exercise in HPMS compared with LPMS. Given our results, we discuss the potential efficacy of exercise to 

modulate emotional context or sad emotion regulatory capabilities in women with PMS. 
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1. Introduction 

Premenstrual syndrome (PMS) has a high morbidity level, 

reaching 30–80% among women at reproductive age [1, 2]. 

PMS typically refers to the physical, psychological, and 

behavioral symptoms that occur in the days preceding the 

menses. Indeed, women with PMS experience more 

emotional suffering and negative mood symptoms. Moreover, 

the incidence of depression among women with PMS is 

greater than that of the general population [3, 4]. 

Premenstrual dysphoric disorder (PMDD) is a particularly 

severe and disabling form of PMS identified in previous 

clinical studies, which affects 3–8% of women [5, 6]. 

Recently, neuroimaging studies have focused attention on 

the high prevalence of PMS. These studies have indicated 

abnormal spontaneous brain activity in women with PMS, 
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with the severity of symptoms specifically related to left 

medial frontal cortex (MFC) and right anterior cingulated 

cortex (ACC) activity [7]. Furthermore, women with PMS 

displayed abnormal resting-state connectivity, with clearly 

decreased connectivity in the middle frontal gyrus (MFG) 

and para-hippocampal gyrus (PHG) [8], regions known to 

play a role in emotional executive functions. Historically, it 

has been assumed that emotional cognitive control is 

primarily regulated by prefrontal regions [9]. These regions 

serve the highest cognitive functions, optimizing and 

scheduling lower-order functions via links with broadly 

dispersed regions of the limbic cortices [10]. In this study, we 

hope to gain insight into emotional executive functions in 

women with PMS. 

Physical activity is associated with improved affective 

experience and enhanced cognitive processing. Both clinical 

and non-clinical participants have been shown to benefit 

acutely from even a single bout of exercise [11-13]. There are 

multiple mechanisms that may account for brain plasticity 

following exercise, including mobilization of neurochemical 

expression, increased production of BDNF, increased 

cerebral blood flow, and increased oxygen delivery [17, 18], 

which can act to protect against neurological disorders [11, 

16]. 

Converging studies have revealed that frontal neural 

circuits play a crucial role in mediating exercise-related 

changes to cognitive function and emotion processing [11, 

14, 15]. Exercise may serve as a protective factor in 

individuals with negative affect who have recovered from 

depression, as shown within a repeated sad mood induction 

paradigm [16]. Additionally, acute exercise is one of the most 

effective behavioral techniques for self-regulation of mood in 

healthy populations [17]. Observational studies have reported 

the effects of exercise on relieving symptoms of PMS [18]. 

Nevertheless, the effects of exercise on neural processing of 

negative emotions, such as sadness (i.e., sad emotion 

processing), specifically in women with PMS remain poorly 

understood. 

The ability to effectively regulate emotions, such as 

sadness, plays an important role in facilitating social 

interactions and mental well-being [19]. Event-related 

potentials (ERPs) provide a non-invasive and convenient 

technique to measure brain activity in response to various 

stimuli, and have been extensively used to explore cognitive 

and emotion processing for research and clinical purposes 

[20]. 

Emotions can be elicited by external stimuli and previous 

research has identified several ERP components that are 

reliably elicited by facial stimuli during experimental 

manipulations [21-24]. One particular ERP component, 

N250, is a negative deflection that peaks approximately 250 

msec after stimulus presentation and reflects complex, 

detailed processing of facial stimuli, including that of facial 

emotions [25, 26]. The fronto-centrally distributed N250 has 

been proposed to underlie decoding of emotional cues, such 

as the extraction of emotional cues from faces [27-30]. 

Furthermore, N250 is considered to be a marker of higher-

order face processing, such as affect decoding, and is 

presumed to reflect modulatory influences of subcortical 

structures, including the amygdala [31, 32]. ERPs provide 

evidence for a sequential pattern of brain activation 

underlying task-related information processing and can 

provide a sensitive indicator of the effects of exercise on 

PMS. 

The effects of exercise on ERPs produced in response to 

higher-order face processing of sad stimuli in fronto-central 

brain regions of women with PMS remain unclear. As 

mentioned above, brain activity is modulated by PMS 

severity [8]. Meanwhile, exercise can mediate cognitive 

abilities and promote women’s health [18] by fine-tuning 

neuroplasticity [33, 34]. In this study, we conducted an event-

related analysis of target stimuli demonstrating time-locked 

activation associated with correct identification of sad faces. 

By using ERPs, we evaluated potentially different effects of 

exercise on neural activity correlated with sad emotion 

processing in women with PMS of varying severity (i.e., 

high-PMS, HMPS, and low-PMS, LPMS groups). 

The aim of the study was to investigate the hypothesis that 

the modulatory effects of exercise on sad emotion processing 

reflected by fronto-central neural activation differ between 

HPMS and LPMS. 

2. Methods 

2.1. Participants 

We recruited paid female volunteers (n = 31, all right-

handed), aged 18–22 years old (mean age: 24.4 years). 

Participants were excluded if they: (1) had a history of 

neurological or psychiatric disorders; (2) had chronic 

cardiorespiratory illnesses; (3) had limb movement disorder; 

(4) used cortisol medications; (5) were diagnosed with a 

personality disorder; (6) were athletes; (7) had regularly 

engaged in intensive exercise during the past three months; 

or (8) used oral contraceptive pills (OCPs) in the past year. 

Participants were also screened to exclude women with 

PMDD (evaluated with the DSM-IV). Participants were 

asked to refrain from alcohol for 48 hours and caffeine for 12 

hours before the day of the experiment 

All experimental procedures were performed in 

accordance with appropriate guidelines and were approved 

by the institutional review board of Chang Gung Memorial 

Hospital, Taiwan. All participants provided written informed 

consent prior to the experiment. 

2.2. Physical Activity Assessment 

Each volunteer was asked to ride an exercise bike for 20 

minutes after finishing the first ERP recording. Participants 

were then instructed to perform aerobic fitness on a treadmill 

for 20 min with a consistent speed of around 25.6–28.8 mph 

(16–18 km/hr). Graded practice was preceded by a warm-up 

(5 min, 1% grade), followed by 5 min each at grades 3% and 

4%, with a final 5 min cool-down at grade 1–2%. Trained 

nurses ensured that experimental procedures were safely 
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conducted throughout. 

Each participant underwent ERP recordings on two 

occasions. The first test was conducted before physical 

activity. The second test was conducted during rest, 90 min 

after the end of physical activity. 

2.3. Facial Expression Recognition Task 

We conducted a facial expression recognition task to 

examine variations in frontal-central brain activation during 

cognitive responses of our participants. Facial expression 

stimuli were black and white pictures in which the emotion 

indicated by the facial expression could be clearly 

distinguished. The pictures were taken from a standard set of 

pictures of facial affect (Ekman emotion photos) and were 

presented in the middle of a computer screen on a black 

background. Participants were shown a 500-ms fix-cross 

picture as a warning signal, followed 200 ms later by a 900-

ms facial expression picture. 

After the instructor introduced the experiment, the 96 

monochrome Ekman human facial emotion photos, including 

24 for each emotion (happy, neutral, sad, and fear), were 

presented in a random order on the screen. Each volunteer 

was asked to silently count the number of sad emotion 

pictures presented and to report the number after the task in 

each ERP recording. This ensured that participants paid 

attention and concentrated during the task. 

Importantly, our study design considered the rapid 

habituation of amygdala responses to facial expressions of 

emotion apparent at high stimulation frequencies [35]. 

Furthermore, all protocols were piloted and established prior 

to the official experiment, which revealed that participants 

sometimes feel sleepy during a long experimental process in 

a dark room after exercise. Therefore, we limited each ERP 

recording session to 5–6 min. 

2.4. ERP Recordings 

For ERP recordings, participants were asked to rest for 90 

min. During the recording process, each volunteer sat in front 

of a screen in a dark room. Participants were asked to sit 

comfortably on a chair and ERP electrodes were fixed to the 

scalp as per the International 10-20 electrode placement 

system. 

Electroencephalography (EEG) signals were collected with 

Encephalan-EEG software (Medicom MTD, Taganrog, 

Russia). Data were recorded from 19 sites: Fp1, Fp2, F3, F4, 

F7, F8, Fz, C3, C4, Cz, T3, T4, T5, T6, P3, P4, Pz, O1, and 

O2 by using the standard 10-20 system, with a sampling rate 

of 250 per sec. We used high and low filters of 70 and 0.1 Hz 

and a rejecter of 60 Hz, with impedances below 10 kΩ. 

2.5. PMS Evaluation 

We administered a PMS self-report questionnaire, the PMS 

Inventory, developed by Steiner et al [36]. The questionnaire 

has been modified and used to screen for PMS severity in both 

clinical and nonclinical settings with adolescents in sequential 

studies. The inventory has 14 descriptions related to physical, 

psychological, and behavioral symptoms. Participants read the 

descriptions and score each item from 1 (low) to 5 (high), 

according to their perceived condition. Therefore, higher 

scores indicate more severe PMS, with total scores ranging 

from 14 to 70. According to scores on the PMS Inventory, 

participants were divided into two groups: HPMS and LPMS. 

We then analyzed cortical activity in response to sad cues, and 

compared activity between the two groups. 

2.6. Statistical Analysis 

2.6.1. Behavioral Data 

We evaluated descriptive statistics, including means and 

standard deviations (SDs; mean ± SD) of the PMS inventory 

scores. Participants reported the number of sad pictures 

observed during each period (pre- and post-exercise), and 

data were compared with two-tailed paired t-tests. 

2.6.2. ERP Component 

We recorded and analyzed ERP components evoked by sad 

faces at 19 channels during pre- and post-exercise sessions. 

Based on the aforementioned time windows of evoked 

responses (see Introduction), the component peak amplitude 

inspection was extracted for each participant in each 

condition, and the average of all channels was calculated. 

Once selected, latency windows were the same for all 

participants and conditions. As expected, a prominent peak 

was identified in the 230–290 msec time window (N250) at 

the fronto-central channel during sad stimuli. 

To calculate a grand mean value of N250, a two-way, 

repeated-measures ANOVA was conducted for the main 

effects of exercise (pre- and post-exercise) and group (LPMS 

and HPMS) on the N250 component at each electrode location. 

Where the ANOVA yielded a significant main effect at the P < 

0.05 level, successive single comparisons using t-tests were 

conducted. We selected 10 fronto-central channels including 

the frontal pole (Fp1, Fp2), medial frontal (F3, F4), lateral 

frontal (F7, F8), central (C3, C4), and fronto-central midline 

(Fz, Cz) electrodes because activity in these regions is 

specifically related to cognitive processing of sad emotions. 

The independent variables included group (HPMS or 

LPMS) and period (pre- and post-exercise). The dependent 

variables were the amplitudes of N250 at each channel (Fp1, 

Fp2, F3, F4, F7, F8, Fz, C3, C4, and Cz). We performed 

independent pooled t-tests to compare differences in N250 

between HPMS and LPMS during the two periods. A paired 

t-test was conducted to evaluate differences in the N250 

component (amplitude and latency) within groups between 

the two periods. For all analyses, the significance level was 

set at P < 0.05, two-tailed. All statistical analyses were 

conducted with SPSS 18 (IBM Corp., Armonk, NY). 

2.6.3. Correlation of ERP Component and PMS Score 

The correlation between ERP activation (amplitude, 

latency) and PMS assessment was examined. The 

relationships between mean amplitude or latency and PMS 

scores were analyzed for all participants (n = 31) in each 

session (pre- and post-exercise) with Pearson correlation. 
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3. Results 

3.1. PMS Assessment 

The mean total PMS score in all 31 subjects was 32.61 ± 

8.63. Based on the distribution of PMS scores, participants 

were assigned to the LPMS (score ≤ 30) or HPMS (score > 

30) group for subsequent comparisons. The mean total PMS 

score in the HPMS group was 39.06 ± 6.56 (N=16), and in 

the LPMS group was 25.73 ± 3.95 (N=15). The mean 

number of sad pictures reported after EEG recording did not 

differ between the two groups for each period (P > 0.05) 

(pre- and post-exercise). 

3.2. ERP: Sad Facial-Evoked N250 

We observed a significant effect of group on N250 

amplitude. As such, the mean value of the N250 amplitude 

was significantly different at Fp1, Fp2, F3, Fz, F4, F8, C3, 

Cz, and C4 (F [1, 31] = 25.24, 11.09, 15.07, 37.52, 11.98, 

8.80, 23.03, 11.53, and 15.18, respectively; LPMS vs. 

HPMS, P < 0.05; Greenhouse-Geiser corrected; Table 1). We 

also observed a significant difference in the mean value of 

the N250 latency at F7, F3, and C4 (F [1, 31] = 7.22, 4.86, 

and 6.65, respectively; LPMS vs. HPMS, P < 0.05; Table 1). 

Table 2 (left and middle column) presents successive 

pairwise comparisons of N250 activation in LPMS and 

HPMS groups in pre- and post-exercise sessions. This 

analysis suggested no differences in activation between pre- 

and post-exercise sessions in the LPMS group. Conversely, 

there was a significant attenuation of N250 amplitude post-

exercise compared with pre-exercise at almost every channel 

in the HPMS group (P < 0.05; Table 2; Figure 1, 2). The 

N250 latency for processing of sad stimuli in the HPMS 

group was significantly prolonged in the post-exercise 

condition compared with pre-exercise at F3 and C3 (P < 

0.05). However, there were no significant differences in 

N250 latency between the two conditions at any channel in 

the LPMS group. 

Table 2 also presents successive pooled t-tests comparing 

N250 activation to sad stimuli, which shows that there was 

no significant difference between the two groups at baseline. 

Nevertheless, we controlled for baseline N250 activation 

using the mixed models procedure for between group 

differences. Subsequently, we observed a significant 

difference in N250 activation between the groups after 

exercise. After exercising, there was a significant reduction in 

the N250 brain response in the HPMS group at F7 and F8 (t 

[29] = -2.78 and -2.16, respectively; LPMS vs. HPMS, P < 

0.05). Our data suggest that the observation of differences in 

neural plasticity elicited by exercise during sad emotion 

recognition depends on severity of PMS. 

Table 1. Repeated ANOVA for the effects of aerobic exercise on the N250 component in 31 healthy women with low or high premenstrual syndrome (PMS) 

scores during sad facial recognition. 

Amplitude F P value Latency F P value 

FP1 
LPMS .273 .61 

FP1 
LPMS .682 .424 

HPMS 25.235 .000*** HPMS 1.818 .201 

FP2 
LPMS .454 .512 

FP2 
LPMS .005 .944 

HPMS 11.086 .005** HPMS .124 .73 

F7 
LPMS 1.368 .263 

F7 
LPMS 7.216 .019* 

HPMS 2.589 .132 HPMS 4.419 .056 

F3 
LPMS .876 .366 

F3 
LPMS .804 .386 

HPMS 15.074 .002** HPMS 4.864 .046* 

Fz 
LPMS 1.074 .319 

Fz 
LPMS .069 .797 

HPMS 37.515 .000*** HPMS 3.1 .102 

F4 
LPMS .645 .436 

F4 
LPMS .067 .8 

HPMS 11.976 .004** HPMS 4.263 .059 

F8 
LPMS 1.144 .304 

F8 
LPMS .053 .822 

HPMS 8.795 .011* HPMS .887 .363 

C3 
LPMS .896 .361 

C3 
LPMS .944 .349 

HPMS 12.06 .004*** HPMS 2.105 .171 

Cz 
LPMS .314 .585 

Cz 
LPMS .004 .951 

H PMS 23.032 .000*** HPMS 4.12 .063 

C4 
LPMS 1.602 .2 

C4 
LPMS .003 .957 

HPMS 11.525 .005** HPMS 6.648 .023* 

* P <.05; ** P <.01; *** P <.001 

 



60 Ren-Jen Hwang et al.:  Physical Activity and Neural Correlates of Sad Facial Expressions in Premenstrual Syndrome  

 

Table 2. The N250 amplitudes between low premenstrual syndrome (LPMS) and high premenstrual syndrome (HPMS) groups. 

 

Low PMS Group Mean Differences    High PMS Group Mean Differences 

Baseline 

mean 
±SE 

Post-Exercise 
±SE 

Mean 
t (df=14) Baseline mean ±SE 

mean Difference 

Fp1 
Amp -4.63 0.75 -3.73 0.83 -0.9 -1.23 -5.73 0.77 

Latency 238.67 7.65 240.8 8.04 -2.13 -0.35 230 7.81 

Fp2 
Amp -4.53 0.77 -3.52 0.91 -1.01 -1.03 -5.55 0.85 

Latency 231.47 7.6 241.33 8.48 -9.87 -1.08 248.5 9.59 

F7 
Amp -3.71 0.76 -4.2 0.66 0.49 0.61 -3.97 0.52 

Latency 241.33 8.36 250.4 7.54 -9.07 -1.16 221.5 6.25 

F3 
Amp -4.53 0.68 -4.49 0.92 -0.03 -0.06 -4.84 0.49 

Latency 246.67 7.85 251.73 6.86 -5.07 -0.65 230.25 8.05 

Fz 
Amp -5.31 0.65 -4.18 0.99 -1.13 -1.9 -5.06 0.64 

Latency 236 7.54 247.73 7.56 -11.73 -1.81 238.25 9.03 

F4 
Amp -4.53 0.63 -3.71 0.93 -0.83 -1.09 -4.61 0.54 

Latency 237.07 7.43 246.13 7.74 -9.07 -1.31 232.25 8.33 

F8 
Amp -4.6 0.67 -3.69 0.74 -0.91 -1.15 -4.33 0.51 

Latency 235.73 7.73 242.4 7.48 -6.67 -1.1 242 8.93 

C3 
Amp -2.98 0.65 -3.31 0.98 0.33 0.59 -3.59 0.43 

Latency 245.6 6.54 244.8 6.25 0.8 0.1 226.75 7.03 

Cz 
Amp -3.63 0.74 -3.06 1.06 -0.57 -0.87 -4.32 0.54 

Latency 240.8 6.76 248.53 6.99 -7.73 -1.02 240.25 9.17 

C4 
Amp -3.63 0.84 -3.07 1.01 -0.57 -0.94 -3.39 0.43 

Latency 234.93 6.92 247.2 7.7 -12.27 -1.62 236 8.09 

Table 2. Continued. 

 

High PMS Group Mean Differences 
Between Group 

Mean Differences (MD) 

Post-Exercise 

mean 
±SE 

Mean 

Difference 
t(df=15) 

Pre Post 

MD t (df =29) MD  t (df =29) 

Fp1 
Amp -2.05 0.85 -3.68 -3.98** 1.1 1.018 -1.68 -1.405 

Latency 240.25 9.98 -10.25 -1.41 8.67 0.792 0.55 0.043 

Fp2 
Amp -1.56 0.8 -3.98 -3.78** 1.02 0.888 -1.95 -1.62 

Latency 238 8.88 10.5 0.89 -17.03 -1.38 3.33 0.271 

F7 
Amp -1.85 0.53 -2.12 -4.54*** 0.26 0.286 -2.35 -2.782* 

Latency 234.75 9.34 -13.25 -1.47 19.83 1.916 15.65 1.293 

F3 
Amp -2.13 0.6 -2.7 -4.24*** 0.31 0.375 -2.36 -2.174 

Latency 257.25 9.91 -27 -2.51* 16.42 1.457 -5.52 -0.458 

Fz 
Amp -2.09 0.71 -2.97 -3.44** -0.25 -0.269 -2.09 -1.734 

Latency 246.75 9.76 -8.5 -0.89 -2.25 -0.19 0.98 0.079 

F4 
Amp -2.13 0.67 -2.48 -3.02** 0.08 0.092 -1.58 -1.393 

Latency 252.5 8.95 -20.25 -1.97 4.82 0.429 -6.37 -0.535 

F8 
Amp -1.59 0.63 -2.73 -3.75*** -0.27 -0.326 -2.1 -2.158* 

Latency 247 7.9 -5 -0.48 -6.27 -0.527 -4.6 -0.422 

C3 
Amp -1.24 0.48 -2.34 -4.69*** 0.6 0.77 -2.07 -1.898 

Latency 249.5 9.58 -22.75 -2.35* 18.85 1.956 -4.7 -0.411 

Cz 
Amp -1.38 0.6 -2.94 -4.96*** 0.7 0.765 -1.68 -1.401 

Latency 255.25 9.62 -15 -1.92 0.55 0.048 -6.72 -0.565 

C4 
Amp -1.38 0.6 -2.01 -3.08** -0.24 -0.263 -1.68 -1.454 

Latency 252.25 8.36 -16.25 -1.9 -1.07 -0.1 -5.05 -0.443 

LPMS = low premenstrual syndrome; HPMS = high premenstrual syndrome; MD = mean difference; SE = standard error. * P <.05; ** P <.01; *** P <.001 
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Figure 1. N250 event-related potential component, a negative peak at 200–300ms after stimuli presentation, was evaluated over the anterior frontal region. 

PMS = premenstrual syndrome; Pre = pre-exercise condition; Post = post-exercise condition. 

 

Figure 2. The amplitude of N250 in response to sad emotional stimuli in high and low premenstrual syndrome (PMS) groups modulated by exercise 

Exercise was associated with significantly lower N250 

amplitudes at Fp1, Fp2, Fz, F4, and C4 (P < 0.01) and at 

F7, F3, F8, C3, and Cz (P < 0.001) compared with pre-

exercise in the high PMS group. However, this effect was not 

seen in the low PMS group. PMS = premenstrual syndrome; 

pre = pre-exercise condition; post = post-exercise condition. 

3.3. Correlation Between the PMS Score and N250 

Component 

There were significant negative correlations between PMS 

scores and N250 amplitude at Fp1, Fp2, and Fp3 channels 

during the pre-exercise session (r = -.445, -.377, -.355, 

respectively; all P < 0.05, n = 31). These results suggest that 

women with higher PMS scores had greater N250 amplitudes 

at these channels. However, this association was not 

observed for post-exercise measurements (Table 3). There 

were no significant relationships between PMS scores and 

N250 latency at any other channel in either condition (all P > 

0.05). 

Table 3. Correlations between PMS score and the N250 component modulated by exercise (n=31). 

  Fp1 Fp2 F7 F3 Fz F4 F8 C3 CZ C4 

Pre-exercise 
r -.445* -.377* -0.252 -.355* -0.278 -0.292 -0.176 -0.268 -0.273 -0.11 

p 0.012 0.037 0.171 0.05 0.13 0.111 0.342 0.145 0.137 0.555 

Post-exercise 
r 0.1 0.106 0.262 0.143 0.121 0.14 0.238 0.198 0.133 0.24 

p 0.591 0.571 0.155 0.444 0.516 0.453 0.198 0.285 0.476 0.193 
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4. Discussion 

No previous studies have explored the neurobiology 

underlying how exercise interacts with processing of sad 

emotional stimuli in women with PMS of varying severity. 

Therefore, the objective of the current study was to explore 

relationships between exercise and higher order cognitive 

processing of sad emotions in women with PMS. 

Our findings suggest that the impact of aerobic exercise on 

fronto-central responses to sad facial expressions depends on 

PMS severity. We observed that the fronto-central cortex of 

HPMS participants exhibited more changes in exercise-

related cognitive resource allocation to task-relevant stimuli 

than this that of LPMS participants (Table 1). N250 

activation evoked by sad emotions did not differ between the 

groups at baseline. However, there was a significant 

reduction in N250 activation in the lateral prefrontal cortex 

(PFC) of the HPMS group compared with the LPMS group 

after exercise (channels F7 and F8; P <.05). Furthermore, an 

exercise-mediated association between PFC-N250 power and 

the PMS score (P < 0.01) was observed (Table 3). Our results 

support the suggestion that affective neural circuit alterations 

are dependent on PMS severity and susceptible to exercise 

modulation for HPMS. Neural flexibility observed following 

exercise supports a potentially effective intervention to 

modulate the neural substrate of sad emotional regulatory 

capabilities in women with PMS. 

Exercise-related brain activity in response to sad stimuli in 

PMS 

Previous ERP studies of the time course of emotional face 

processing have reported that N250 is elicited by faces in 

emotion recognition tasks [25-30], playing a role in decoding 

of emotional facial expressions [37]. It appears that N250 is 

particularly related to negative emotion processing at 

electrodes distributed across fronto-central regions [38]. 

Here, we observed N250 activation evoked by sad 

emotions that peak within 200–300 msec following stimulus 

onset. However, exercise modified neurocognitive processing 

of sad stimuli, with differences observed between HPMS and 

LPMS groups. In the HPMS group, N250 amplitude was 

significantly attenuated post-exercise compared with pre-

exercise at most fronto-central regions. However, this pattern 

was not observed in the LPMS group (Table 2; Figures 1, 2). 

We also observed variations in the latency of N250 to sad 

stimuli, with a significantly longer latency post-exercise 

compared with pre-exercise at C3 and F3 in HPMS (P <.05; 

Table 2). 

EEG has the advantage of providing coherent information 

about neural activity in the form of latency and amplitude. It 

appears that exercise-mediated effects on these neural indices 

of responses to sad stimuli (reduced amplitude and increased 

latency) may occur in HPMS but not in LPMS. The fronto-

central cortex is involved in both the generation and 

regulation of emotion via various subcortical pathways [9]. 

Exercise-induced neuroplastic changes to modulate affective 

processing has previously been observed with both long-term 

and acute exercise [39, 40]. The effects of acute bouts of 

exercise on emotional cognitive function have previously 

been documented [16, 41, 42]. Our findings provide further 

support, but suggest that the underlying mechanism may be 

more complex, such that the severity of PMS determines the 

effectiveness of exercise to modulate emotion processing. 

This suggests that exercise can potentially affect the 

emotional context or sad emotion regulatory capabilities of 

women with HPMS. 

We observed that acute exercise visibly enhanced brain 

plasticity in response to sad emotions in HPMS compared 

with LPMS (Table 1). This finding can be explained in 

several ways. PMS is thought to be caused by an underlying 

neurobiological vulnerability to normal fluctuations in 

circulating sex hormones, with estrogen and progesterone 

receptors expressed in the nucleus accumbens, a terminal 

region of the mesolimbic dopaminergic system [43-45]. 

Exercise facilitates the brain’s functional capabilities with the 

release of BDNF via the serotonin-BDNF loop [11], together 

with involvement of mesolimbic dopaminergic system 

modulation [46, 47]. Furthermore, neuroimaging studies have 

indicated abnormal resting-state connectivity of frontal-

limbic regions in women with PMS who displayed abnormal 

stress sensitivity [8]. Physical activity is particularly effective 

at mediating these affective neural circuits and related 

moderation of psychological symptoms [48-50]. The 

circumstances under which neural networks are complexly 

and dynamically modulated by exercise depend on PMS 

severity. It is possible that HPMS participants are more 

susceptible to neurogenesis and neurotransmitter regulation 

caused by exercise than are women with less severe PMS. 

Our results suggest that, based on PMS severity, acute 

exercise enhances neural plasticity, thus enhancing cognitive 

processing of sad emotion stimuli. This may reflect 

differences in emotional self-efficacy. Humans can 

successfully cope with mild to moderate stressors via 

neurochemical factors that are considered to be essential 

contributors to brain resilience in challenging circumstances 

[51, 52]. Our participants were healthy women, screened to 

exclude a history of neurological and psychiatric disorders, 

and PMDD (see Methods), with a mean PMS score of 34 

(range: 14–70). Behavioral studies have shown that the 

ability of moderate aerobic exercise to attenuate negative 

emotions varies depending on human behavioral responses 

[41]. Emotion regulation is an automatic or deliberate use of 

strategies to initiate, maintain, modify, or display emotions 

[53, 54]. An exercise-induced transient state of frontal 

hypofunction coordinates autonomic regulation of 

psychological states [55]. In our study, sad stimuli induced 

attenuation of evoked N250 after exercise compared with 

baseline. Thus, this may conceivably reflect brain resilience 

and an adaptation to intrinsic demands for a purposeful, fine-

tuned, and flexible approach in the women with HPMS 

Exercise mediates lateral PFC activity depending on PMS 

severity 

The within group comparisons outlined above suggest that 

only HPMS participants typically showed more flexible and 

resilient neural function in the fronto-central cortex following 
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exercise. In contrast, between groups analysis suggested that 

there were no differences in N250 activation to sad stimuli 

between the two groups at baseline. However, significantly 

lower N250 activation was observed at F7 and F8 in 

individuals with HPMS compared with LPMS after exercise. 

It is possible to map the topography of the brain to 

different functions. Indeed, EEG-based functional 

connectivity is taken to reflect the relationship between brain 

activity and emotional states [56]. Electrodes at F7 and F8 

are located near the lateral PFC, and the process of cognitive 

emotion regulation is functionally organized within the 

lateral PFC [57]. For example, F7 is related to avoidance 

behavior and impulse control (with important links to the 

amygdala) [58]. Meanwhile, F8 activity enables emotional 

regulation and induces approach behavior. Therefore, the 

lateral PFC contributes to emotion regulation and is a critical 

neural substrate involved in representing the emotional value 

of engaging in cognitive control [59-62]. 

Our results suggest a significant difference in N250 

activation at the lateral PFC between the groups after 

exercise, while no significant difference was observed at 

baseline. Studies documenting exercise-mediated changes in 

the emotional regulation system have suggested there is 

intrinsic tuning of one’s emotional state. The requirement for 

modification of the resources ascribed to cognitive 

processing may reflect an innate physiological response 

accompanying different levels of autonomic arousal between 

the groups after exercise. The lateral PFC is involved in 

emotion regulation and modulates activity in subcortical 

emotion-generating systems that require effortful processes 

to alter individual emotional states [9, 63]. Moreover, the 

impact of physical exercise-induced arousal or attention 

varies depending on the underlying emotion [59]. We 

observed that the process of effortful emotional regulation is 

mediated differently by exercise between the groups. 

Furthermore, the brain resources that are made available after 

exercise also appear to differ between the groups. This may 

translate into better emotional neurocognitive efficiency or 

function for HPMS participants. The observation that 

exercise mediates the neural basis of sadness intensity or 

valence in PMS should be further explored in future research. 

Correlations between N250 and PMS scores 

Our correlation analysis revealed that, before exercise, 

women with higher PMS scores displayed greater N250 

amplitude at the PFC in response to sad emotion stimuli 

(Fp1, Fp2 and Fp3 electrode sites; all P < 0.05) (Table 3). 

This correlation was not observed after exercise (all P > 0.05; 

n = 31). Previous studies suggest that emotional cognitive 

control can be defined as a set of higher-order functions that 

optimize and schedule lower-order functions. 

Evidence regarding the emotional and attentional 

capacities of the prefrontal cortex suggests that greater 

activity represents higher vigilance or awareness, and is 

associated with anxiety or mental illness [64-66]. 

Furthermore, research has shown that exercise mediates 

several neurotransmitter processes [37], exerting anxiolytic 

and antidepressant effects by inhibiting excessive neural 

activity in PFC regions [49, 67, 68]. Our observation that 

there are significant negative correlations between PMS 

scores and sad emotion-evoked PFC responses (i.e., greater 

N250 amplitude) before exercise that are absent after 

exercise may possibly represent relatively less hypervigilance 

and hyperawareness to sad events in the post-exercise 

condition. Our results may suggest more generalized 

alterations to cerebral processing of negative stimuli as an 

inherent feature of PMS severity. Exercise mediates the 

relationship between PMS scores and N250 activation that 

provides a strong neural basis for the way in which exercise 

modulates PMS-related neurocognitive function in the 

context of sad emotional regulation, acting to prevent or 

reverse hypervigilance. 

In summary, despite the growing number of studies 

examining exercise and cognition, few studies have 

examined these in PMS. Our study is limited by a small 

sample size. We also only analyzed centro-frontal N250 

responses based on the specific purpose of the present study. 

However, future studies should be conducted to examine 

interactions between exercise, emotional processing, and 

brain activation in other regions. Furthermore, appropriate 

tests of laterality trends to investigate asymmetry in cerebral 

function should be conducted in future. 

5. Conclusions 

Women with HPMS exhibited greater susceptibility of the 

fronto-central cortex plasticity to exercise-related cognitive 

resource allocation in response to sad stimuli. Notably, 

exercise mediates activity of the emotional regulation system 

of the lateral PFC (F7 and F8), suggesting that exercise is a 

major component of PMS-related variations in emotional 

cognitive functioning. The different cortical resilience 

patterns to sad emotions for LPMS and HPMS women 

indicate the potential efficacy of exercise in modulating 

emotional context or sad emotion regulatory capabilities in 

women with PMS. 
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