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Purpose: The present study aimed to characterize the gut microbiota of individuals with premenstrual syndrome.

Patients and Methods: The gut microbiota of 24 Japanese women with PMS (PMS group) and 144 healthy Japanese women
(control group) were compared. Analysis of the a- and B-diversities and the gut microbial composition at the genus level were
performed using 16S rRNA gene sequence data obtained from stool samples.

Results: A significant difference in age was observed between the PMS and control groups; however, no significant difference was
observed in BMI. The a-diversity measured using the Simpson index was significantly higher in the PMS group than the control group.
Visualization of the PB-diversity using non-metric multidimensional scaling and permutational multivariate analysis of variance
(PERMANOVA) showed that the distance of the gut microbiota between the PMS and control groups is significantly different.
Furthermore, a significant difference in the composition of the gut microbiota was observed between the PMS and control groups. At
the genus level, the abundances of Collinsella, Bifidobacterium, and Blautia were significantly higher in the PMS group than in the
control group. In particular, the abundance of Collinsella in the PMS group was approximately 4.5 times higher than that in the control
group. To rule out the confounding effect of age in the abundances of Bifidobacterium, Blautia, and Collinsella, the gut microbiota of
the PMS and control groups were compared by age group. Results showed that Collinsella had the highest effect size in participants of
3040 years of age (mean age: 36.39 + 4.68 years).

Conclusion: These results suggest that the PMS group possesses a characteristic gut microbiota. In particular, Collinsella was
strongly associated with PMS. Since Collinsella has been reported to be associated with diet, dietary interventions such as prebiotics
targeting Collinsella may be effective in preventing, improving, and alleviating PMS.
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Introduction
Premenstrual syndrome (PMS) is a condition that occurs 3—10 days before menstruation and may continue for several
months, with the disorder disappearing with the onset of menstruation, causing depression, outbursts of anger, irritability,
anxiety, confusion, and social withdrawal.' Physical symptoms include tenderness or swelling of the breast, abdominal
distension, headache, joint pain or muscle pain, weight gain, and swelling or edema of limbs.! PMS is thought to be
caused by the changes in female hormones,” abnormalities in neurotransmitters such as serotonin,® and eating habits;*>
however, the exact cause is unknown.®

In Japan, diuretics are used as symptomatic treatments for edema and tenderness of the breast, analgesics for pain such as
headache and joint pain, and Kampo medicines (traditional Japanese medicine) for various symptoms. Furthermore,
counseling, diet therapy, lifestyle-related improvement, and exercise therapy are also performed as non-drug treatment
method. Therapy with low-dose oral hormone preparations has been reported to improve physical symptoms; however,
their effectiveness to psychological symptoms may not be confirmed depending on the types of combination tablets. On the
other hand, combination tablets improve premenstrual dysphoric disorder, but the effect is unclear.” Selective serotonin

reuptake inhibitors may be prescribed for patients with PMS, with severe psychological symptoms.™’
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In recent years, the relationship between the gut microbiota and various diseases has attracted scientific attention,

and studies in this field have been actively performed. Studies have reported that the gut microbiota of patients with

1o 713 autoimmune diseases,'®'® lifestyle-related diseases such as

obesity and diabetes,'®!® liver diseases,!” 22 heart diseases,”>** cancer,”>2° and neurological/mental illness?’ % are

gastrointestinal inflammatory diseases, - allergies,
characteristically different from that of healthy people. Studies have also clarified that the characteristics of the human
gut microbiota are influenced by several factors, such as age, sex, and dietary habits of the hosts.**>? Polycystic
ovarian syndrome (PCOS), a gynecological disease like PMS, has been reported to be associated with
Bifidobacterium,®® and uterine fibroids with Pseudomonas stutzeri and Prevotella amnii>* This led us to consider
that PMS, which is thought to be caused by female hormones® and diet**®

microbiota, like other diseases.

may also be associated with the gut

Since research on the relationship between PMS and gut microbiota has not progressed, we aimed to characterize of
the gut microbiota of individuals with PMS. We believe that showing the relationship between PMS and the gut
microbiota will elucidate the mechanism underlying PMS and propose treatment methods.

Materials and Methods
Study Population

Among the subjects selected using the gut microbiota examination and analysis services by Symbiosis Solutions Inc.
(Tokyo, Japan), we used the data of 63 women aged 24 to 49 years living in Japan who were diagnosed with PMS by
a doctor (database 1). Written informed consent was obtained from all subjects. All experimental procedures complied with
the principles of the Declaration of Helsinki and were approved by the Institutional Review Board of Shiba Palace Clinic
(Tokyo, Japan) (Approval No.: 145968 rn-29,327). Stool samples were obtained from the subjects from February 2021 to
November 2021. At the same time, background information, including age, gender, height, weight, pregnancy and nursing
status, use of antibiotics and enemas, and disease status, was collected by subject’s self-reported information using
a questionnaire. Furthermore, we also utilized the data collected by the former Benno Laboratory, RIKEN Cluster for
Science, Technology and Innovation Hub (Wako, Saitama, Japan) and analyzed by the Japan Agricultural Frontier
Development Organization (Tokyo, Japan) (database 2). The use of all datasets has been authorized by the above-
mentioned organizations. The subjects for analysis were determined from both databases according to the following
screening criteria. The inclusion criteria were women between the ages of 24 and 49, in line with the age range of PMS
patients in database 1. Sixty-three subjects in database 1 and 4197 subjects in database 2 met the inclusion criteria. Those
who did not consent to the study, had insufficient gut microbiota data, are currently pregnant or nursing, recently took
antibiotics (<1 week), are non-Japanese, with enema stool, or were suspected to have a non-PMS disease were excluded
from this study. Of the subjects that passed the criteria, those with PMS were labeled as the PMS group, and those without
PMS were labeled as the control group.

Stool Sample Collection, DNA Extraction, and Sequencing

The participants provided their own stool specimens collected immediately after defecation using a stool collection kit
(TechnoSuruga Labs, Inc., Shizuoka, Japan). Stool specimens (approximately 4 mg) were suspended in guanidine
thiocyanate (GTC) solution (100 mM Tris-HCL (pH 8.0), 40 mM Tris-EDTA (pH 9.0), 4 M guanidine thiocyanate,
0.001% bromothymol blue), and then the samples were transported at room temperature (22-25 °C). Then, 400 mg of
glass beads, 100 uL of 10% SDS, and 600 pL of TE saturated phenol/chloroform solution (phenol:chloroform = 1:1)
were added to the sample, crushed at 2500 rpm for 2 min using a bead crusher (PMT Corporation, Fukuoka, Japan), and
incubated at 70 °C for 10 min. After repeating this procedure twice, the supernatant was separated via centrifugation at
12,000 rpm for 10 min. Then, 700 uL of isopropanol and 70 puL of 3 M sodium acetate solution were added to the
supernatant. The mixture was stirred, centrifuged at 12,000 rpm for 10 min, and then the supernatant was removed. The
precipitated DNA pellet was washed twice with 700 pL of 70% ethanol solution. Finally, the dried DNA pellet was
dissolved in 100 pL of TE buffer.
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The V1-V3 region of the bacterial 16S rRNA gene was sequenced. Briefly, the 16S rRNA gene sequence
metagenomic library was prepared according to the Illumina 16S tag library preparation protocol (Illumina, San
Diego, CA, USA). A fastq file was created using bcl2fastq ver. 2.20.0.422 (Illumina). Using the created fastq file,
a demultiplexed fastq file was created using clsplitseq-0.2.2019.05.10 (https://github.com/astanabe/Claident), and the

primer sequences were removed. Subsequently, DADA?2 ver. 1.16 was used to filter reads, remove chimera, bind reads,
and identify amplicon sequence variant (ASV) for each read. Each ASV was given a bacterial genus name using
rdp_train_set 18 (https://zenodo.org/record/4310151#.Yg80WOjP1PY). Coverage-based rarefying was performed using

the rareslope and rrarefy functions implemented in the package vegan ver. 2.5.7 of R ver. 4.0.3.

Statistical Analysis

Continuous data was presented as mean and standard deviation (SD), and categorical data were presented as frequencies
and percentages. The Welch #-test and Wilcoxon rank sum test were used to compare the data depending on data
distribution. Data were analyzed using the statistical software R ver. 4.1.0. The Wilcoxon rank sum test was performed
with correct = FALSE using the Wilcoxon test function of the statistical software R. The a-diversity of the gut microbiota
was assessed using the Simpson index.

To compare the structural similarity of the gut microbiota of the two groups, we used non-metric multidimensional
scaling (NMDS) based on the Bray-Curtis index to visualize the similarity between samples and used PERMANOVA
analysis for the dispersion test.>*** For NMDS, we used the metaMDS function from the R ver. 4.1.0 vegan ver. 2.5-7
package. For PERMANOVA, we used the vegan 2.5—7 adonis function with permutations = 9999. The ANOVA function
of PERMANOVA was performed using the betadisper function of vegan 2.5-7 and the ANOVA function of the stats
package.

Comparison of the gut microbiota at the genus level was performed using the R package ALDEx2 ver. 1.26.0. For this
comparison, the abundance count data converted into a concentric logarithmic ratio (clr conversion) was used. For clr
conversion, the aldex.clr function of ALDEx2 was used, with mc.samples = 128 and denom = “all” set as arguments. The
Wilcoxon rank sum test was performed using the aldex. ¢-test function of ALDEx2. The effect size was calculated using
the aldex.effect function of ALDEx2. The statistical significance was set to a p-value of 0.05.

Results

Selection of the Study Population

This is a case-control study comparing PMS-affected patients (PMS group) with non-PMS-affected patients (control
group). Subjects were determined according to screening criteria shown in Figure 1. As a result of the screening, 4092
subjects were excluded, and the data from 168 people (24 patients with PMS and 144 subjects in control group) were
analyzed.

Total

Data base1 (n=63)

Data base2 (n = 4197%)

* Including 8 PMS patients, age 24 - 49

Exclusions

Not genetically Japanese (n = 2)

Pregnancy or Nursing (n = 60)

Had taken antibiotics within the past week (n = 45)

Enema stool (n = 5)

Had the possibility of some diseases except for PMS (n = 4082)

PMS + PMS -

Analyzed subjects Analyzed subjects
PMS (n = 24) Control (n = 144)

Figure | Subject screening (flow chart for target group selection). Database |: Women aged 24 to 49 years living in Japan who suffer from PMS among the subjects selected
by the gut microbiota examination and analysis services offered by Symbiosis Solutions. Database 2: Women aged 24 to 49 years in the same age range as those with PMS
among the data analyzed by the Japan Agricultural Frontier Development Organization.
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Table | Overview of Analysis Target Groups

PMS Control p-value

Number of Sample 24 144

Age 35.88 (5.36) 38.87 (6.53) 0.021
BMI 20.99 (3.75) 20.65 (1.46) 0.676
Rice 3.39 (1.20) 4.16 (0.90) 0.003
Breads 2.64 (1.00) 2.73 (1.04) 0.792
Noodles 2.14 (0.71) 2.06 (0.48) 0.395
Potatoes 2.19 (0.51) 2.34 (0.68) 0.268
Seafood 2.57 (0.90) 2.40 (0.73) 0.597
Meat 3.63 (0.82) 2.99 (0.82) 0.001
Eggs 2.83 (0.82) 2.89 (0.85) 0.703
Miso soup 2.50 (1.18) 3.21 (0.95) 0.002
Green & yellow vegetables 3.91 (0.85) 3.12 (0.94) 0.000
Fried foods 3.13 (0.68) 2.72 (0.81) 0.009
Confectionery 3.83 (1.05) 3.33 (0.98) 0.014

Notes: Values are mean (SD). The following scores were given for meals: |, rarely; 2, |-3 times a week; 3, 4-6 times a
week; 4, at least once a day; 5, at least twice a day. Dietary scores were analyzed using the Wilcoxon rank sum test.
Abbreviation: BMI, body mass index.

A significant difference was observed in age between the PMS and control groups; however, no significant difference
was observed in BMI (Table 1). Because the characteristics of the gut microbiota vary with age, analyses were performed
for all subjects as well as by age groups (Supplementary Table 1).

Comparison of the Gut Microbiota Between PMS and Control Groups

The composition of the gut microbiota between the two groups were analyzed using next-generation sequencing. The a-
and B-diversities of each sample were analyzed. Results showed that at the genus level, the a-diversity measured using
Simpson index was significantly higher in the PMS group than the control group (number of genera: p=0.002, Simpson
index: p=0.028, Figure 2). However, Pielou’s index showed no significant difference (p=0.474 Figure 2).

Visualization of B-diversity using NMDS showed that most of the PMS group was distributed in the low-density part (lower
area) of the control group (Figure 3). Meanwhile, PERMANOVA showed a significant difference in the distance of the gut
microbiota between the PMS and control groups (p <0.001, dispersion = 0.537, stress = 0.240). PerMANOVA is an analysis that
produces unstable results when there is a difference in the number of samples in the two groups being compared and when the

p =0.002 p =0.028 p=0.474
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Figure 2 Comparison between the a-diversity of the PMS and control groups. Boxplot calculated using the Simpson indices of the two groups. Each plot shows outliers.
A significant difference was observed between the groups at p <0.05.
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Figure 3 Comparison between the B-diversity of the PMS and control groups. The distance of the gut microbiota between the two groups was visualized using the NMDS
method (stress = 0.240). Distances between samples were calculated using the Bray-Curtis index. A significant difference was observed between the groups at p <0.001

(dispersion=0.537).

dispersion is different. Therefore, we performed the analysis with the numbers of PMS and control groups matched and found

significant differences. (Supplementary Figure 1, p<0.0099, dispersion = 0.838, stress = 0.210).

The composition of the gut microbiota at the genus level was compared between the two groups (Table 2, Supplementary
Table 2. Results showed significant differences in the abundance of Bifidobacterium, Blautia, and Collinsella (Table 2). These
genera were abundant in the PMS group, and the effect size was high (Figure 4). In particular, the relative abundance of

Collinsella was approximately 4.5 times higher in the PMS group (3.96%) than that in the control group (0.88%) (Figure 5).

Table 2 Comparison of the Top 20 Bacteria Based on the Relative Abundance in the

PMS and Control Groups

Genus Relative Abundance (%) p-value Effect Size
PMS Control
Collinsella 3.96 0.88 0.000%** 0.833
Blautia 5.13 4.06 0.016* 0.513
Bifidobacterium 10.60 6.78 0.011* 0.438
Phocaeicola’ 16.73 16.88 0.276 0.258
Streptococcus 2.03 0.67 0.390 0.215
Fusobacterium 1.20 0.27 0517 0.194
Megasphaera .12 0.45 0.443 0.192
Parabacteroides 2.60 3.00 0.331 0.173
Unclassified 12.81 14.48 0.645 0.160
Dorea 0.87 0.63 0.614 0.150
Anaerobutyricum 0.94 1.05 0.466 0.095
Fusicatenibacter 2.64 2.26 0.554 0.085
Ruminococcus 0.90 0.95 0.735 0.082
Agathobacter 1.04 1.23 0.883 —0.075
Megamonas 2.59 1.90 0.747 —0.055
Alistipes 1.81 331 0.858 —0.036
Prevotella 2.52 4.15 0.870 0.022
Bacteroides 9.38 14.22 0.951 —0.008
Faecalibacterium 6.56 7.56 0.927 0.006
Anaerostipes 1.34 1.67 0.950 —0.005

Notes: The relative abundance values are means. The p-value was calculated using the Wilcoxon rank-sum test
with Benjamini-Hochberg FDR correction. *Means p-value < 0.05 and **Means p-value < 0.001. The effect size
were caluculated by ALDEx2 pipline. TPhocaeicola is a genus of bacteria reclassified from Bacteroides in 2019.%°
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Figure 4 Significant differences in the gut microbial abundance at the genus level between the PMS and control groups. Genera whose absolute value of effect size calculated
using the ALDEX2 pipeline was 0.2 or higher. The positive and negative effect sizes are the genera with high abundance in the PMS and control groups, respectively.
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Figure 5 Box plot showing the genera with significant differences in abundance between the PMS and the control groups. The vertical axis shows the relative abundance,
and each plot shows the outliers.

To rule out the confounding effect of age in the abundances of Bifidobacterium, Blautia, and Collinsella, the gut
microbiota of the PMS and control groups were compared by age groups (20s, 30s, and 40s) at the genus level. Since
only one subject in the PMS group was in her 20s, analysis at this age group was not feasible (Supplementary Table 1).
Meanwhile, results showed that Collinsella had the highest effect size in both 30s and 40s using the ALDEx2 pipeline
(Supplementary Table 3).

Discussion
In this study, we found that, at the genus level, Bifidobacterium, Blautia, and Collinsella were characteristic intestinal
bacteria in patients with PMS (Table 2). We also showed that the composition of the intestinal microbiota of patients with
PMS differed from that of healthy subjects (Supplementary Table 2).

The composition of the gut microbiota of the PMS group had different characteristics from that of the control group.
A significant difference in the a-diversity was observed, in which the PMS group had a higher a-diversity (Figure 2).
Previous studies have reported lower a-diversity in patients with irritable bowel syndrome and nonalcoholic
steatohepatitis;**** however, some studies reported high alpha diversity in irritable bowel syndrome.** Thus, to under-
stand the relationship between PMS and the gut microbiota, it is important to look not only at the results of a-diversity

but also at the composition of the gut microbiota.
When PERMANOVA was used to compare the B-diversity between the PMS and control groups, the intergroup
difference was significantly higher than the intragroup difference (Figure 3). This result indicates a significant difference
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in the composition of the gut microbiota between the two target groups. Furthermore, using the results visualized using
NMDS, there was an area where both the PMS group and the control group were distributed. This indicates that there are
subjects in the control group who have a similar gut microbiota composition with the PMS group. Although these
subjects may not have developed PMS, they may be moving away from a healthy state.

At the genus level, Bifidobacterium, Blautia, and Collinsella were significantly different between the two groups and
were significantly higher in the PMS group (Table 2). In addition, Collinsella in the PMS group was approximately 4.5
times higher than that in the control group. Furthermore, Collinsella had the highest effect size in both 30s and 40s
(Supplementary Table 3), suggesting that it is a PMS-related gut bacteria regardless of age. Collinsella has been reported

to be more abundant in patients with arteriosclerosis,*> more common in patients with hyperlipidemia/hypertension/type
II diabetes patients,*® and is associated with non-alcoholic steatohepatitis.*®

Recent studies have revealed that the composition of the gut microbiota is associated with various diseases; however,
no association with PMS has been reported. This study not only suggested a link between PMS and the gut microbiota
but also revealed that the gut microbiota may characterize individuals with PMS.

We believe that one of the causes of the exacerbation of emotional symptoms in PMS is a rapid change in the blood glucose
level. Sugar temporarily raises blood sugar levels to calm an individual’s mood, but the subsequent steep decrease in blood
sugar causes an unstable mood, which includes fatigue and depression.*’ Bifidobacterium, Blautia, and Collinsella are all
known to break down sugar to produce lactic acid. Therefore, these genera may be affected by changes in blood sugar.

Bifidobacterium, Blautia, and Collinsella are remarkably abundant in Japanese.*® A survey of Japanese women between
the ages of 15 and 49 reported that 13,462 of 18,174 (74%) enstruating women had problems associated with menstruating
symptoms.49 This survey used the Japanese version of the modified Menstrual Distress Questionnaire (mMDQ). The mMDQ
includes questions for the six areas of PMS symptoms: pain, concentration, behavioral changes, autonomic nervous response,
water retention, and negative emotions. On the other hand, in a study of Chinese women aged 1845 years, 21.1% of the
participants were concluded to have PMS.* According to a report by Nishijima et al** who investigated the gut microbiome of
healthy individuals from 12 countries including Japan, Japanese had a higher abundances of Bifidobacterium, Blautia,
Collinsella, and Streptococcus (17.93%, 16.69%, 3.01%, and 2.22%, respectively) than Chinese (0.54%, 2.18%, 0.06%,
and 0.49%, respectively. It is unknown what percentage of the 74% of Japanese women with menstrual problems have PMS;
however, given the higher prevalence of Bifidobacterium, Blautia, and Collinsella, which were suggested to be associated with
PMS in this study, the percentage of PMS patients may also be higher than that in China (21.1%).

Further research is needed to clarify the relationship between PMS, gut microbiota, and diet. However, studies investigating
the relationship between Collinsella and diet reported that animal proteins, such as lean meat and low dietary fiber diet, are
associated with an increase in Collinsella.’"* In recent years, intervention tests using plant-derived polyphenols in beverages
have been actively conducted. Among them, a study in which red wine was ingested by patients with ischemic heart disease
reported that the abundance of Collinsella after the intervention significantly decreased compared to pre-intervention.>* Moreover,
in a study wherein mice ingested a high-fat/high-sucrose diet supplemented with polyphenols extracted from green tea or black
tea, a decrease in Collinsella in the cecum in the diet group was observed compared to the group that ingested a polyphenol-free
diet.>* An intervention study was conducted where individuals with PMS ingested dark chocolate.?® The study reported that dark
chocolate, which contains complex carbohydrates, antioxidants, vitamin B6, unsaturated fatty acids, and minerals, reduced
anxiety, malaise, and stomach cramps,- decreased lower back pain, and improved concentration and memory.>> Polyphenol is
a general term for food components containing a plurality of phenol groups and has an antioxidant effect. It is abundant in plants,
vegetables, fruits, and nuts, and has more than 8000 kinds. Polyphenols have antioxidant and anti-inflammatory effects, improve
angiogenesis and vascular endothelial function, inhibit platelet aggregation, and reduce insulin resistance. Several studies have
reported its use in preventing and treating cancer, hypertension, cardiovascular disease, type II diabetes, etc.’® >’

As mentioned above, 74% of Japanese women have problems with menstrual symptoms, making PMS a major problem
for modern women. The total annual economic loss due to menstrual symptoms was estimated to be 682.8 billion yen, based
on outpatient costs (hospital, clinic, pharmacy, etc.) obtained by combining retail price data of over-The-counter drugs and
work cost unit price data, over-The-counter drug usage, work productivity loss data and the Japanese female population.*?
Furthermore, work productivity loss accounted for 71.9% of the economic loss.** This indicates that many women suffer
not only physical and mental burden but also financial loss due to menstrual symptoms, including PMS.
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In addition, a study by Takeda et al on premenstrual disorders (PMDs) indicates that decreased levels of Butyricicoccus,
Extibacter, Megasphaera, and Parabacteroides are associated with PMDs.®° This report was not consistent with the results
of the present study, which showed that PMDs were associated with PMS, as well as with the symptoms that occur with non-
ovulatory ovarian activity and are iatrogenically generated following hormone therapy.® These differences in symptoms
may account for the differences between the present study and the study by Takeda et al.

The present study suggests that Japanese women with PMS may have a characteristic gut microbiota. The develop-
ment of prebiotics that can regulate gut microbiota and prevent, improve, or alleviate PMS will not only improve the
quality of life of women but also reduce economic losses and support the advancement of society.

This study had limitations. Although we found that Bifidobacterium, Blautia, and Collinsella were associated with
PMS, it was not possible to assess exactly how the physiological functions of the intestinal bacteria affect PMS. To
support our hypothesis that rapid changes in blood glucose levels are one of the causes of worsening emotional
symptoms of PMS, it is necessary to measure blood glucose levels. These three intestinal bacteria break down sugar
to produce lactic acid. Therefore, it is possible that sugar metabolism and increased lactic acid production may be the
cause of PMS. However, to determine whether these intestinal bacteria present in in the PMS group actually produce
lactic acid, it is necessary to predict whether they have genes that produce lactic acid using PICRUSt or measure the
amount of lactic acid produced using liquid-liquid chromatography-mass spectrometry (LC-MS). Analyzing metabolic
pathways using the KEGG database is also important for metabolomics studies and prebiotic discovery.

Bifidobacterium produces acetic acid, folic acid, and gamma-aminobutyric acid, in addition to lactic acid. Blautia
produces acetic acid, succinate, ethanol, and hydrogen, and Collinsella produces ethanol, formic acid, and hydrogen.
Although these products other than lactate may be related to PMS, we did not include them in our discussion because our
study focused on finding the gut bacteria associated with PMS. The PICRUSt, LC-MS, and KEGG databases could be
used to identify the causes of PMS.

In addition, we were unable to fully consider the dietary associations of Bifidobacterium and Blautia compared to
Collinsella. New discoveries may be made by conducting species-level analyses. Furthermore, Bifidobacterium and Blautia
may be associated with significantly different diets in the PMS and control groups, as shown in Table 1. Whether the
significantly different diets in Table 1 are altering the intestinal bacteria, resulting in the development or worsening of PMS,
should be elucidated. It may be possible to conduct tests in subjects with controlled diets or measure markers that are
influenced by diet, eg, blood pressure, cholesterol levels, and other bodily information and products of intestinal bacteria.

In addition, Collinsella and Bifidobacterium have been reported to be associated with PCOS.>* PCOS has been
reported to be caused by increased secretion of androgens,®' suggesting that Collinsella and Bifidobacterium may be
involved in the secretion of hormones.

The gut microbiota is reported to be affected by proton pump inhibitors and oral medications.®** In this study, we
investigated the antibiotic medication history within the past week; however, we were unable to collect information on
medication status prior to that time. It cannot be said that the results of this study completely rule out the effects of
antibiotics, as it has been reported that it took 1.5 months to recover to pre-treatment gut bacterial composition after
taking an antibiotic cocktail.®* It is also important to collect information on the history of secondary medications other
than antibiotics, as PMS subjects are expected to use more analgesics and NSAIDs than the general population.

Changes in stools, such as constipation and diarrhea, may be observed around menstruation.®® These changes in stools
are thought to be dependent on the menstrual cycle and hormone levels. Whether this is related to intestinal bacteria is
unknown, but obtaining menstrual cycle and Bristol Scale would provide a deeper analysis. Other information on women
aged 2049 years who suffer from PMS may experience, such as pregnancy and childbirth, physical and social stress,
alcohol consumption and smoking, caffeine intake, poor sleep quality, and change in physical activity, may help us to
understand the relationship between PMS and life circumstances.

Conclusion

This study suggests a characteristic gut microbiota for individuals with PMS. In particular, Collinsella was strongly
associated with PMS. Since Collinsella has also been reported to be associated with diet, dietary interventions such as
prebiotics targeting Collinsella may be effective in preventing, improving, or alleviating PMS.
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In this study, some patients in the PMS group had the same abundance of Collinsella as the control group. For such

subjects, gut bacteria except for Collinsella, such as Bifidobacterium and Blautia, may be a factor in PMS.

Furthermore, subjects who do not have PMS but may be far from healthy has been suggested, we believe that analysis

of individual gut microbiota and the understanding its composition and characteristics will lead to the prevention of PMS.
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