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Abstract

Many sexually mature women experience premenstrual syndrome (PMS) or

premenstrual dysphoric mood disorder (PMDD). This discomfort, being recurrent and

cyclical, significantly impacts women's quality of life. Current approaches for managing

PMS/PMDD rely on daily mental condition recording, which many discontinue due to its

impracticality. Hence, there's a critical need for a simple, objective method to monitor

mental symptoms. One of the principal symptoms of PMDD is a dysfunction in emotional

regulation, which has been demonstrated through brain-function imaging measurements to

involve hyperactivity in the amygdala and a decrease in functionality in the prefrontal cortex

(PFC). However, most research has been focused on PMDD, leaving a gap in

understanding of PMS. Near-infrared spectroscopy (NIRS) measures brain activity by

spectroscopically determining the amount of hemoglobin in the blood vessels. The NIRS

device is compact and imposes minimal physical and psychological stress on participants.

This study aimed to characterize the emotional regulation function in PMS. We measured

brain activity in the PFC region using NIRS when participants were presented with

emotion-inducing pictures. Furthermore, moods highly associated with emotions were

assessed through questionnaires. Forty-six participants were categorized into non-PMS,

PMS, and PMDD groups based on the gynecologist’s diagnosis. The mood of participants



was collected by a self-administered questionnaire (POMS2) and NIRS was used to obtain

cerebral blood flow. POMS2 scores revealed higher negative mood and lower positive mood

in the follicular phase for the PMS group, while the PMDD group exhibited heightened

negative mood during the luteal phase. NIRS results showed reduced emotional expression

in the PMS group during both phases, while no significant differences were observed in the

PMDD group compared to non-PMS. It was found that there are differences in the

distribution of mood during the luteal and follicular phase and in cerebral blood flow

responses to emotional stimuli between PMS and PMDD. These findings suggest the

potential for providing individuals with awareness of PMS or PMDD through scores on the

POMS2 and NIRS measurements.



Introduction

The menstrual cycle is a 28-35 day cycle, with premenstrual syndrome (PMS) often

occurring during the luteal phase, which is marked by psychological and physical discomforts.

When these psychiatric symptoms progress further a more severe form of PMS, known as

premenstrual dysphoric disorder (PMDD), is diagnosed.! The economic loss in Japan due to

physical and mental disorders associated with the menstrual cycle is estimated to be JPY 638

billion.? An effective approach to alleviating or coping with PMS or PMDD is awareness and

acceptance of PMS/PMDD symptoms.® However, it requires daily recording of one’s mental

condition over a long time, and many females discontinue the practice.* To alleviate the

unique premenstrual symptoms in women, it is necessary to establish a method that allows for

the easy, simple, objective, and continuous self-awareness of mental symptoms such as PMS

and PMDD.

Emotional dysregulation in females with PMS/PMDD is one of the most frequently

occurring mental symptoms. For instance, females with PMS have been reported to exhibit a

heightened sensitivity to anxiety,® and increased resilience to negative emotions and stress.®’

Functional magnetic resonance imaging (fMRI) in females with PMDD has shown

hyperactivity in the amygdala,® which governs emotional control, and a decrease in activity in

the prefrontal cortex (PFC) region upon presentation of emotion-inducing pictures.”!? These



previous studies indicate that it is possible to objectively measure the mental symptoms of

PMDD. However, most previous studies have primarily focused on participants with PMDD,

with few reports on brain activity during emotional stimuli in participants with PMS. In this

study, to elucidate the characteristics of emotional regulation functions in participants with

PMS, the brain function of the PFC region was objectively measured through brain imaging

techniques when they were presented with emotion-inducing pictures. Additionally, the

emotions and moods of the PMS participants were subjectively assessed using questionnaires.

Using the results from both subjective and objective assessments, the emotional regulation

functions in PMS participants were characterized.

Furthermore, this study utilized near-infrared spectroscopy (NIRS) as a method for

measuring brain function. NIRS measures the concentration of hemoglobin in the blood

through spectroscopic techniques, allowing for a more compact measurement device with less

restraint on the participants compared to fMRI. Simultaneous measurements of cerebral

blood flow in the PFC region of participants performing cognitive tasks using both NIRS and

fMRI have reported similarities in signals.!! Additionally, we have reported a decrease in

cerebral blood flow in the PFC of PMS subjects during cognitive tasks using NIRS.!? In this

study, to clarify the characteristics of emotional and mood regulation functions in PMS, a

mood of participants with PMS were evaluated by mood questionnaires, and measurements



of hemoglobin in the PFC region were conducted using NIRS, which allows for easy

measurement of activation in the PFC region and imposes low restraint on the participants.



Experimental Methods

1. Requirements for participants in this study.

Healthy female university students aged 20-25 years were recruited as participants.

Participants were selected based on the following selection criteria:

BMI between 18 and 25.

Self-Depression Scale (SDS) less than 60 points.

No smoking habit.

Not taking low-dose contraceptives for more than 3 months.

No experience of pregnancy or childbirth.

No history of psychiatric disorders and no ongoing medications for the treatment of

psychiatric disorders.

No experience of gynecological problems and disorders.

No experience of pregnancy or childbirth.

2. Experimental procedure

Participants who agreed to informed consent were given a self-administered questionnaire

(age, height, weight, medical history, age at menarche, menstrual cycle menstrual periods),

SDS,'314 PMDD scale,', and basal body thermometer (MC-652-LC, OMRON Corp, Kyoto,

Japan). They were asked to measure and record their basal body temperature for two



menstrual cycles. The basal body temperature charts and PMDD scales were interpreted by a

gynecologist, and PMS was diagnosed. In the second or third week of the luteal phase and

follicular phase after starting the basal body temperature recording, participants were asked

to fill out the mood scale (the profile of mood states 2)'¢, and cerebral blood flow was

measurements by NIRS. The NIRS probe (OEG-SpO,, Spectratech Inc. Tokyo, Japan) was

attached to the participant's prefrontal area. Emotional stimulus images were displayed on an

LCD monitor (23.8 in, 1,920 pix X 1,080 pix) positioned 55 c¢m in front of the participants,

and cerebral blood flow was measured.

3. Methods of presenting emotional stimulus images.

Images eliciting positive emotions were selected from the International Affective

Pictures System (IAPS).!7 The average emotional valence of these 20 images ranged from 5.7

to 6.3, and the average arousal level ranged from 4.5 to 5.0. Emotional valence and arousal

level are indicators used to quantify emotions. Emotional valence indicates pleasantness or

unpleasantness on a scale of 9 (pleasant: 9, unpleasant: 1), while arousal measures the extent

to which an image is stimulating or calming on a 9-point scale (high arousal: 9, low arousal:

1). For eliciting negative emotions, images from the Disgust-Related-Images (DIRTI)8 were

used, selecting those with a valence of 1.1 to 2.0 and an arousal level of 4.5 to 5.4.



4. Evaluation of cerebral blood flow using NIRS.

The NIRS probe (469 X 60 mm) consisted of channels (Ch) 1~16, with Ch1 placed

on the right temporal region and Ch16 on the left temporal region. As most of the participants

in this study had a small facial structure, hair interfered with the placement of the temporal

probes, making it difficult to securely attach all channels to the forehead area of the

participants. Therefore, the average NIRS signal obtained from Ch4 to Ch7 was used as the

NIRS data for the right brain, and the average values from Ch10 to Ch13 were used for the

left brain. For the measurement of oxygenated and deoxygenated hemoglobin in the blood

vessels, near-infrared light with wavelengths of 770 nm or 840 nm was emitted from the light-

emitting parts of the NIRS probe toward the forehead, and scattered and reflected light was

detected by the photodetector within the NIRS probe. The sampling interval for detection

was 0.65 seconds. The average NIRS signals, representing a concentration of oxygenated

hemoglobin (Oxy-Hb), from 5 seconds before to just before the presentation of the colored

image was used as the baseline. The subtraction between the NIRS signal measured at each

time point and the baseline was calculated and a sum of these from 10 seconds to 25 seconds

in Fig. 1 was obtained. This sum was termed the integral value, which represents the change

in Oxy-Hb concentration following the image presentation. The integral value was obtained



for each stimulus set, and the mean of the integral values from 10 stimulus sets was calculated

to serve as the representative value.

5. Data analysis

Emotional valence, arousal values, POMS2 scores, and NIRS signal integrals were

compared between two of the three groups: non-PMS, PMS, and PMDD by the Wilcoxon

rank-sum test (Bonferroni correction).

6. Ethical consideration

The study plan was approved by the Kanagawa Institute of Technology Human

Ethics Review Committee and the Medical Ethics Committee of the Faculty of Medicine,

University of Tsukuba (approval number 1389-1).



Results and Discussion

1. Basic properties of the participants

Among 46 participants, 25 participants were categorized as non-PMS, 16

participants as PMS, and 5 participants as PMDD. Table 1 summarizes the mean age, mean

BMI, and mean menstrual cycle length for the non-PMS, PMS, and PMDD groups,

respectively. No significant differences were observed among the three groups in terms of age,

BMI, and menstrual cycle length, confirming that the groups were well-balanced.

2. Valence and arousal levels among the three groups during the anticipation of emotional

stimuli

Figure 2 represents valence and arousal in the participants of non-PMS, PMS, or

PMDD during the anticipation of emotional stimuli. In the non-PMS group, participants

evoked pleasant feelings toward positive images and unpleasant towards negative images,

regardless of whether it was the follicular or luteal phase. This suggests that participants in

the non-PMS group consistently processed emotions appropriately, irrespective of their

menstrual cycle phase. Conversely, in the PMS/PMDD groups, the emotional valence for

positive images was significantly lower than that of the non-PMS group during the follicular

phase (p=.002), while valence for negative images was significantly higher (p=.04). This



indicates that participants in the PMS/PMDD groups experienced less emotional evocation

for positive stimuli and less discomfort for negative stimuli. These findings suggest that the

PMS/PMDD group tends to be less emotionally expressive in the follicular phase. However,

a previous study comparing emotional valence between PMDD and non-PMDD reported no

significant differences in both positive and negative emotional valence.!?, which is different

from the present results. One reason for this discrepancy might be that the average SDS scores

for the participants in the present study were above 40 for both the luteal and follicular phases.

These relatively high SDS scores could mean that the participants were mildly depressed and

may have had slightly higher levels of depression than the population in the previous study.

Individuals with depressive symptoms have been reported to be insensitive to emotional

stimuli.?*?! Our findings suggest that participants with PMS/PMDD tend to be less

expressive in emotional stimulation during the follicular phase compared to the luteal phase.

On the other hand, no significant differences in arousal were observed among the groups.

3. Comparison of POMS2 Scores Among the Three Groups

The results of scores of POMS2 for participants in non-PMS, PMS, and PMDD

groups are shown in Figure 3. In the follicular phase, participants in PMS showed significantly

higher scores compared to non-PMS in anger-hostility (AH), confusion-bewilderment (CB),



depression-dejection (DD), fatigue-inertia (FI), tension-anxiety (TA), and total mood
disturbance (TMD) (p<.05, respectively), and significantly lower in Friendliness (F). These
results indicate that in the follicular phase, females with PMS experience higher negative
mood and lower positive mood compared to the non-PMS group, suggesting that PMS
symptoms may originate from the follicular phase. Previous research reported that females
with PMS can be classified according to their mood in the follicular phase.?? Although PMS is
typically considered to be symptomatic in the luteal phase,?® our findings suggest that PMS-
derived symptoms may be expressed even in the follicular phase. Conversely, participants in
PMDD showed significantly higher scores compared to non-PMS in AH and FI during the
luteal phase (p<.05, respectively). This indicates that females with PMDD may experience
heightened negative mood and discomfort during the luteal phase. PMDD is specifically
defined as a condition where psychological symptoms appear especially in the luteal phase,?*
and our findings support that participants with PMDD exhibit symptoms during this phase.

These results suggest that PMS may cause mood alterations starting from the follicular phase,

while PMDD may cause mood disturbances in the luteal phase.

4. Integrated values of Oxy-Hb change during the anticipation of emotional stimuli.

The results of integral values obtained from ch4-ch7 during stimulation with positive



emotional anticipation images among non-PMS, PMS, and PMDD groups are shown in

Figure 4. The Integral Value of the non-PMS group during the follicular phase tended to be

higher compared to the PMS group (p=.08). In the integral values at the luteal phase, the

PMS group was significantly lower than the non-PMS. This indicates lower brain activation

in the follicular and luteal phases for the PMS group, suggesting a decrease in emotional

expression within this group. Considering the results of the scores of POMS2 for the PMS

group, it appears that females with PMS are associated with a decrease in emotional

expression and mood alterations starting from the follicular phase. Thus, mood and emotional

expression during the follicular phase could potentially serve as biomarkers for characterizing

PMS symptoms. Conversely, no significant differences were observed in the integrated values

of Oxy-Hb changes between the PMDD group and the non-PMS group. This suggests that

PMS may not simply represent a more severe form of PMDD, but rather, it should be

considered as a distinct condition.



Conclusion.

In this study, we aimed to elucidate the characteristics of mood and emotional

regulation of females with PMS. The results revealed that participants with PMS exhibited a

decrease in positive mood, an increase in negative mood during the follicular phase, and a

reduction in Oxy-Hb in the PFC when presented with images evoking positive emotions.

Conversely, participants with PMDD showed a significant increase in negative mood during

the luteal phase, with Oxy-Hb responses similar to those of non-PMS participants. Thus, the

questionnaire to assess mood and the measurement of cerebral blood flow during anticipation

of emotional stimuli produced different results for the PMS and PMDD participants. These

findings suggest that integrating mood indicators with NIRS measurements of cerebral blood

flow can enable the differentiation of PMS and PMDD, which has been challenging to

distinguish previously. However, this study has a limitation in its small sample size, especially

the number of PMDD participants, making the reproducibility of these results limited. Future

research plans to increase the sample size to further clarify the characteristics of mood and

emotional regulation functions in individuals with PMS and PMDD.
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Figure 1.

Schematic diagram illustrating the anticipation of emotional stimuli.
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Figure 2

The emotional valence and arousal levels of participants from the non-PMS, PMS, and

PMDD groups when presented with images eliciting either positive or negative emotions.
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Figure 3.

Scores for seven sub-scales of POMS2 for participants in non-PMS, PMS, and PMDD during

the follicular and luteal phase. The data are shown as the mean and the error bars are standard

errors. AH, Anger-hostility; CB, Confusion-bewilderment; DD, Depression-dejection; FI,

Fatigue-inertia; TA, Tension-anxiety; VA, Vigor-activity; F, Friendliness; TMD, Total mood

disturbance.
Follicular phase

100 o

20 . %

80 * i: - - r ’—‘ *ok
" o
2 il gl T [
g eof- i :
5 50 é
2 40
]
2 30

20 *<.05

**< 001
10
0

AH CB DD FI TA VA F TMD

100
20
80
70
60
50
40
30
20
10

Luteal phase

DD FI TA VA F TMD

[ pms

I rvDD |




Figure 4.

The integral values obtained from ch4-ch7 of the NIRS probe of non-PMS, PMS, and PMDD

participants during the anticipation of positive emotional stimuli. The data are shown as the

mean of 10 positive stimulus sets and the error bars are standard deviations.
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Table 1

Mean age, mean BMI, and mean menstrual cycle for PMDD, PMS, and non-PMS participants.

PMDD group PMS group Non-PMS group

(5 participants) (16 participants) (25 participants)
)
Mean SD  SE Mean SD SE Mean SD SE P
Age, year 21.4 0.9 0.3 20.8 0.9 0.3 21.1 0.8 0.1 .25
BI\:I‘E,_Zkg 20.4 1.7 0.6 21.3 3.2 0.9 20.5 2.8 0.5 .88

Menstrual

cycle, day 31.7 3.2 1.2 30.4 3.0 0.8 30.2 3.8 0.6 43

a) Kruskal-Wallis test. BMI: body mass index.



