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Abstract: This study evaluated the efficacy of Lactobacillus acidophilus YT1 (MENOLACTO) for
alleviating menopausal symptoms. This study was a multi-center, randomized, double-blinded,
placebo-controlled clinical trial involving female subjects (ages: 40-60 years) with menopausal
symptoms and a Kupperman index (KMI) score > 20. Subjects were administered 1 x 108 CFU/day
MENOLACTO or placebo, with the primary endpoint being total KMI score, and the effect of
secondary endpoints on alleviating menopausal symptoms according to individual categories of the
modified KMI, as well as a quality of life questionnaire (MENQOL questionnaire). After 12 weeks,
total KMI scores decreased significantly, demonstrating improved menopausal symptoms relative
to placebo along with improved modified KMI scores. Additionally, quality of life, according to
the MENQOL questionnaire, significantly improved in all four symptoms—physical, psychosocial,
vasomotor, and sexual symptoms. Moreover, we observed no significant difference between the two
groups or significant changes in blood follicle-stimulating hormone and estradiol levels or endometrial
thickness. These results demonstrated that MENOLACTO alleviated menopausal symptoms without
notable side effects and improved quality of life, suggesting its efficacy as an alternative supplement
to alleviate menopausal symptoms in women ineligible for hormonal therapy.

Keywords: MENOLACTO; Lactobacillus acidophilus YT1;, menopausal symptoms; clinical trial;
Kupperman index

1. Introduction

Menopause is a natural physiological status in women caused by loss of ovarian
follicular-reproduction function through aging and diagnosed following the absence of menstrual
periods for 12 consecutive months. Menopause occurs in most women between the ages of 45 and 55,
although timing and symptoms can vary depending on the individual. Menopausal symptoms are
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increasingly recognized as having significant health implications through decreases in estrogen levels
and lower estrogen exposure [1,2]. Major symptoms include vasomotor issues (hot flushes and/or
night sweats), sleep disruption, vaginal symptoms (dryness and/or infections), depression and anxiety,
cognitive changes (declines in memory and concentration), and sexual dysfunction [3,4].

According to the World Health Organization (WHO), the average life expectancy of women
is >80 years in at least 35 countries. Given the increases in life expectancy, many women typically
spend more than one-third of their entire life in a menopausal state [5]. Moreover, the population of
menopausal women is projected to increase to 1.2 billion by 2030 due to projected annual increases of
47 million new menopausal women [6]. However, because menopause and its symptoms represent
a known physiological phenomenon, there is a lack of awareness regarding symptom prevention
and treatment.

Currently, treatments for menopausal symptoms include non-pharmaceutical therapy (e.g., lifestyle
changes through exercise and diet), phytoestrogen therapy [7], and hormone and non-hormone
therapies (serotonin-reabsorbing inhibitors [8] and gabapentin [9], respectively). Among these,
hormone-replacement therapy (HRT) is the most effective treatment for menopausal symptoms and
used to alleviate physical symptoms associated with estrogen deficiency and prevent the development
of vasomotor symptoms, sleep disruption [10,11], and vaginal dryness [12,13]. Additionally,
most phytoestrogens obtained from natural extracts have chemical structures and activities similar to
estrogen, making them capable of addressing vasomotor symptoms [14,15] and potentially improving
psychiatric and sexual symptoms [16]. Moreover, HRT and phytoestrogen therapies reportedly improve
neuroprotective effects [17,18], rheumatoid arthritis [19], and osteoporosis [20] in menopausal women.
However, previous studies have also reported that long-term HRT can cause side effects, including
breast cancers, cerebrovascular disease, and thromboembolism [21-23]. Furthermore, there is a lack of
solid evidence supporting the routine use of phytoestrogen to improve postmenopausal quality of
life [24], and the activities of herbal preparations have not been sufficiently investigated, with limited
data available regarding their safety [25].

Therefore, new approaches to the treatment of menopause are needed. Interest has recently
increased in the microbiome [26-28], with studies focused on identifying a safe, potent, and non-toxic
drug and functional food source from the intestinal microbiome. The intestinal microbiome is not only
related to improved digestive function but also various menopause-related symptoms, including sleep
disturbance [29], depression/psychiatric health [30], and bone health [31]. According to a previous
report, oral and gut microbiota affected by estrogen correlate with menopausal symptoms (obesity,
osteoporosis, and cancer) [32], and there are reports that the abundance and diversity of intestinal
microorganisms affect estrogen metabolites in women after menopause [33].

We recently identified changes in intestinal microbes between a control group and a
menopause animal model, with notable reductions observed in Lactobacillus acidophilus YT1
(MENOLACTO®) [34,35]. However, no data have been published on the ability of MENOLACTO® to
improve symptoms in menopausal women. To evaluate the efficacy and safety of MENOLACTO® in
this context, we conducted a double-blinded, randomized, placebo-controlled clinical trial over the
course of 12 weeks.
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2. Experimental Section

2.1. Study Design

This study was a 12-week, multi-center, randomized, double-blinded, placebo-controlled human
study that evaluated the effect of live L. acidophilus YT1 (1 X 10® colony-forming units (CFU)/day)
on improving menopausal symptoms according to the Kupperman index (KMI). The study was
conducted with the approval of an Institutional Review Board at the National Cancer Center and
Konkuk University Hospital and commenced on 12 June 2017 and ended on 7 March 2018.

Eligible subjects were allocated to each group via block randomization in the ratio of 1:1.
The random sequences were generated using SAS software. Subjects were randomly assigned using
SAS version 9.4 (SAS Institute, Cary, North Carolina, USA) software.

Subjects underwent four visits, including the screening visit (visit 1), and participated in the
study at 6-week intervals from baseline (visit 2) for a total duration of 12 weeks. MENOLACTO® was
manufactured by modifying the previous method [35]. The lactic acid bacteria strain was L. acidophilus
YT1 (KCCM11808P), and it was deposited at the Korea Culture Center of Microorganisms (KCCM)
under number KCCM11808P. The MENOLACTO® contained the L. acidophilus YT1 (1 x 108 CFU, 15%),
isomalt (64%), xylitol (14%), and yogurt powder (7%) in stick, and control product (placebo) contained
isomalt (79%), xylitol (14%), and yogurt powder (7%). Both the MENOLACTO® and placebo had a
similar appearance, texture, and taste. Both products were specifically prepared for the study and
provided by the Bio-farm Co., Ltd. (Gyeonggi-do, Korea). During the study period, subjects received
the experimental product (MENOLACTO®) or a control product (placebo) with or without water.

Subjects received an explanation of the study goals and provided written informed consent on
visit 1 prior to study participation. Subjects underwent a primary compatibility evaluation based on
demographic characteristics, medical history, medication history, physical examination, vital signs,
body measurements, clinical laboratory tests, mammography/papanicolaou test, and modified KMI
(11 items on the KMI assessing vaginal dryness/decreased discharge) and received a date for their
follow-up visit (within 14 days after visit 1). Subjects were evaluated for changes in medical or
medication history and underwent a physical examination. The results of the first and second
evaluations were pooled to determine compatibility with inclusion/exclusion criteria, after which
subjects underwent randomization. After randomization, subjects underwent blood and urine tests
to allow evaluation of efficacy and safety, as well as a quality of life evaluation. Subjects received
explanations concerning the measurement process for determining the endometrial thickness and the
prescription and administration of MENOLACTO®. The MENOLACTO® and placebo subjects took
one MENOLACTO® stick (1 x 108 CFU/day) and placebo per dosing one time a day for 12 weeks.
In this study, intake of various foods and drugs that could interfere with the results, such as hormone
therapy, hormone analog (e.g., plant extract), probiotics, anti-depressant agents, anti-convulsant agents,
anti-anxiety drugs, and osteoporosis drugs, was excluded in the instructions regarding diet. Visits 3 and
4 occurred at 6-week intervals for evaluations of adverse events, effects of co-administered medications,
physical examination, vital signs, body measurements, blood and urine tests, quality of life evaluation,
and KMI scoring (Figure 1).



J. Clin. Med. 2020, 9, 2173 4of16

Visit 1: Screening

Visit 2: Baseline
- Baseline characteristics
- (Modified) KMI, MENQOL questionnaire
- Weight, pulse, blood pressure
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Visit 3: Follow up (6 weeks)
- (Modified) KMI, MENQOL questionnaire

Placebo

Visit 4: End of study (12 weeks)
- (Modified) KMI, MENQOL questionnaire
- Weight, pulse, blood pressure
- E2/FSH levels, endometrial thickness

Figure 1. Study schema.

The primary endpoint was a change in total KMI score before and after the 12-week administration
of the MENOLACTO®. Secondary endpoints were modified KMI scores of individual items (11 items
from the KMI and vaginal dryness) and quality of life assessment [36,37]. For safety evaluation,
we analyzed adverse events, clinical laboratory findings (hematological test/blood chemistry and urine
tests), vital signs, physical measurements, estradiol (E2) and follicle-stimulating hormone (FSH) levels,
and endometrial thickness.

2.2. Subjects

The research protocols were approved by the Institutional Review Board of Konkuk University
hospital (IRB No. KUH1040060; date: 11 May 2017; Seoul, Korea) and National Cancer Center Korea
(IRB No. NCC2017-0114; date: 11 May 2017; Goyang, Korea). All participants were provided with
a full explanation of the study procedures and provided written informed consent before entering
the clinical trial. All methods were conducted according to relevant guidelines, and the protocol
was approved by the Institutional Review Board of Konkuk University hospital and National Cancer
Center Korea. This study was registered in the WHO International Clinical Trials Registry Platform
(KCTO0003211; date: 21 September 2018).

Menopausal women experiencing peri-menopausal symptoms (1 = 103) were recruited as study
subjects and screened, of which 18 were excluded, and 85 underwent randomization (42 in the
experimental group and 43 in the control group). Six subjects were excluded for withdrawal of
consent (3 from the experimental group and 3 from the control group), two for taking medications
contraindicated for co-administration (1 from each group), and one from the control group for failure
to follow-up. A total of 67 subjects completed this study (32 from the experimental group and 35 from
the control group). The flow of subjects is shown in Figure 2.
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Screening
N =103
Screening Failure
N=18
MENOLACTO® Randomization Placebo
N =42 N =285 N =43
I?rop out after V2 Drop out after V2
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- Abnormal E2 (N=2) medication (N=1)
- Less than 75% of Medication - Abnormal E2 (N=2)
Compliance (N=2)
MENOLACTO® PP Set Placebo
N =32 N =67 N=35

Figure 2. The flow chart for the subject’s enrollment, randomization, and retention.
2.3. Inclusion and Exclusion Criteria

Subjects who met inclusion criteria were included: (1) women aged between 40 and 60 years who
had been amenorrheic for > 1 year or had undergone hysterectomy with follicle-stimulating hormone
(FSH) levels of > 30 mIU/mL, (2) Kupperman index (KMI) score of > 20, (3) volunteers in this trial with
a written informed consent form.

Subjects with the following criteria were excluded: (1) women with a body mass index > 30 Kg/m?,
(2) use of hormonal therapy or a hormone analog (e.g., plant extract) within 3 months, (3) history of
endometrial hyperplasia, uterine or endometrial cancer, breast disease, or cancers associated with
sex hormones, (4) history of severe migraines within 1 year, (5) thromboembolism, cerebrovascular
disease, myocardial infarction, unstable angina, or previous coronary angioplasty, (6) history of
severe psychological diseases, such as depression or anxiety, or use of psychiatric drugs, such as
anti-depressants, (7) and a history of abnormal uterine bleeding 1 year after menopause.

2.4. Outcome Measurements

A change in the total KMI score between baseline and that after 12 weeks of administration was
the primary endpoint, and the secondary endpoints were the 12 items of the modified KMI, including
vaginal dryness [36,37]. The KMI was created to increase the efficiency of treatment for this syndrome
by characterizing the severity and characteristics of menopausal disorder through the sum of indices of
major menopausal symptoms. KMI scores at visits 1, 3, and 4 are widely used in Japan and elsewhere
to evaluate peri-menopausal syndrome. The KMI includes 11 symptoms (hot flashes, paresthesia,
insomnia, nervousness, depression, dizziness, fatigue, musculoskeletal pain, headache, palpitation,
and formication). Each of the 11 items is evaluated on a 4-point scale (0-3) (0 = not at all, 1 = weak,
2 = moderate, 3 = severe symptoms) depending on symptom severity, with each item weighted
individually corresponding to importance symptom. For hot flashes, the score was multiplied by
4; for paresthesia, insomnia, and nervousness, the score was multiplied by 2; for other symptoms,
including depression, dizziness, fatigue, musculoskeletal pain, headache, palpitation, and formication,
there was a weighting of 1. In this study, the KMI evaluation was performed at visit 1 (screening;
week 2). A KMI score (for the 11 items) of > 20 was included for analysis.
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Secondary endpoints were assessed by modified KMI and MENQOL questionnaire. The modified
KMI reportedly shows a high correlation with menopausal symptoms, thereby making it valuable
for their evaluation [38]. The MENQOL questionnaire was used to evaluate the quality of life,
including 29 questions in terms of vasomotor (3 items), psychological (7 items), physiological (16 items),
and sexual symptoms (3 items) [39]. MENQOL reflects the quality of life during the peri-menopausal
period. MENQOL questionnaire has the seven-point Likert scale, ranging from 0 (not at all bothered)
to 6 (extremely bothered) points. Once each item was reported as a 0-6 score, the average value was
calculated for each domain.

2.5. Sample Size

This was the first study to evaluate the efficacy of L. acidophilus YT1 in menopausal women.
Then, we selected the previous clinical study, which showed a significant efficacy on the KMI used in
our study [38]. The difference in mean change was —4.4 in sample size formula. We estimated that a
sample of 34 postmenopausal women for each group would be required to detect a difference with a
power of 80% and a two-sided « level of 5%. Considering a 15% sample loss, the necessary sample size
was determined to be 40 participants for each group.

2.6. Statistical Analysis

We used the per-protocol analysis set (PPS) as the main analysis set for efficacy evaluation,
and according to the intention-to-treat principle that includes all randomized subjects in the analysis,
the full analysis set (FAS) comprised the study subjects receiving at least one dose of the investigational
product, undergoing at least one efficacy evaluation, and not meeting the major exclusion criteria.
The PPS comprised study subjects included in the FAS set who completed this study and did not have
a serious violation (e.g., a violation of inclusion/exclusion criteria) that might affect the study results.
The PPS included 67 subjects (32 experimental and 35 control subjects).

For the statistical analysis of efficacy, we used a paired t-test to analyze the primary endpoint.
Statistically significant differences between the two groups according to the degree of change were
evaluated using a two-sample -test, the Wilcoxon rank-sum test, and analysis of covariance (ANCOVA).

For the evaluation of the modified KMI scores (presented as the mean + standard deviation (SD);
11 KMI items and vaginal dryness/decreased discharge) according to individual items and changes
in the MENQOL questionnaire before and after administration, we used a paired f-test. Statistically
significant differences between the two groups according to the degree of change were analyzed using
a two-sample t-test, the Wilcoxon rank-sum test, and ANCOVA.

Safety evaluation was conducted using the safety set, which comprised subjects administered
at least one dose of MENOLACTO® after randomization (42 experimental and 43 control subjects).
The safety set was evaluated for adverse events, vital signs, and E2 and FSH levels. The incidence rate
of adverse events was calculated for each group, and a chi-squared test or Fisher’s exact test was used
for comparative analysis. A two-sample t-test was used for comparisons of vital signs, E2 and FSH
levels, and endometrial thickness between the two groups.

3. Results

3.1. Characteristics of Study Patients

The experimental group and control group had no significant difference in demographic
information between marital status, physical activity, stress awareness, weight, pulse, and systolic and
diastolic blood pressure. Demographic information is shown in Table 1.



J. Clin. Med. 2020, 9, 2173

Table 1. Characteristics of the study population.

7 of 16

Domain n MENOLACTO® Placebo p
Age Baseline 42 54.48 + 3.79 43 52.40 + 3.89 0.0195 *
E2 (pg/mL) Baseline 42 28.10 + 47.78 43 2582 +4359  0.8189*
FSH (mIU/mL) Baseline 42 75.29 + 33.91 43 7402 +30.38  0.8561*
Endometrial Baseline 37 2.78 + 1.68 39 2.56 +1.19 0.4974 *
thickness (mm)
Total KMI score Baseline 38 32.92 +£9.15 40 32.73 £ 9.53 0.9265 *
Unmarried 42 43 1 1.0000 *
Marital status Married 42 41
Divorced 1
No 42 14 43 14 0.9205 **
Physical activity Low 13 15
High 15 14
None 42 2 42 2 0.9032 *
Stress awareness (%) Moderate 20 24
High 16 14
Very high 4 3
Weight (kg) Baseline 42 56.26 + 6.94 43 57.66 + 9.50 0.4382 *
Pulse (beats/min) Baseline 42 72.69 + 11.76 43 72.05 + 9.46 0.7814 *
Systolic blood Baseline 42 119.14 + 17.14 43 11793 +1547  0.7328*
pressure (mmHg)
Diastolic blood Baseline 42 71.74 + 10.34 43 7153+9.83  0.9262*

pressure (mmHg)

Values are presented as the mean + SD. * Comparison between groups; two-sample ¢-test. ** Comparison between

groups; Chi-square test. + Comparison between groups; Fisher’s exact test.

3.2. Primary Efficacy Endpoint

Total KMI Score

Analysis of changes in total KMI score showed that after 6 weeks of administration of
MENOLACTO®, scores decreased relative to baseline by 17.47 + 11.00 in the MENOLACTO®
group (p < 0.0001) and by 8.29 + 8.94 in the control group (p < 0.0001). Additionally, the total KMI score
at 12 weeks decreased relative to baseline by 21.50 + 12.75 in the MENOLACTO® group (p < 0.0001)
and by 12.14 + 9.83 in the control group (p < 0.0001). These results indicated a significant difference
between the two groups at both 6 and 12 weeks (Table 2).

Table 2. Change in total KMI score relative to baseline.

MENOLACTO®

Placebo

1 £l 1‘
Domain (n=32) (n = 35) 4 r
Baseline 32.75 +9.23 33.20 +9.87
Total KMI score Week 6 1528 +7.64 2491 +1375 0.0004 00002  0.0002
Week 12 11254825  21.06+11.31 00012 00014  0.0005

Values are presented as the mean + SD. * Comparison between groups (changes from baseline); two-sample ¢-test.
** Comparison between groups (changes from baseline); Wilcoxon rank-sum test. + Comparison between groups
(changes from baseline); ANCOVA adjusted for baseline and age.
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3.3. Secondary Efficacy Endpoints

3.3.1. Change in Modified KMI Score by Category

Table 3 shows the change in scores for the 12 categories of modified KMI (including vaginal
dryness). We found statistically significant differences at 12 weeks between the experimental and control
groups in evaluations of hot flashes, paresthesia, nervousness, depression, fatigue, musculoskeletal
pain, headache, heart palpitation, formication, and vaginal dryness/decreased discharge (Table 3).

Table 3. Changes in modified KMI scores from baseline according to category.

Domain MENOLACTO® (1 =32)  Placebo (n = 35) p* p** pt
Hot flashes

Baseline 8.13 £3.44 9.03 £2.63

Week 6 4.38 +2.56 5.83 +3.80 0.5376 0.2576 0.1004

Week 12 250 +2.44 5.14 +£3.15 0.0526 0.0512 0.0018
Paresthesia

Baseline 3.75+1.88 3.37 £ 1.66

Week 6 1.25 + 1.50 2.63 +£2.04 0.0002 0.0002 <0.0001

Week 12 1.38 + 1.64 2.17 £1.90 0.0333 0.0356 0.0320

Insomnia

Baseline 394 +1.79 429 +1.82

Week 6 219 +£1.93 3.37 £2.10 0.0515 0.0418 0.0238

Week 12 1.94 +1.93 291 +1.90 0.1841 0.1300 0.1614
Nervousness

Baseline 4.00 = 1.61 371 £2.12

Week 6 1.81 + 1.64 3.03 +£2.08 0.0026 0.0025 0.0014

Week 12 1.13+1.24 234 +191 0.0041 0.0038 0.0026
Melancholia

Baseline 2.00 + 0.84 1.97 + 0.86

Week 6 0.91 + 0.69 1.60 + 0.95 0.0024 0.0053 0.0004

Week 12 0.63 + 0.66 1.26 £ 0.95 0.0107 0.0131 0.0056

Vertigo

Baseline 1.38 +0.87 1.54 £ 0.82

Week 6 0.63 + 0.66 1.20 + 0.99 0.0568 0.0591 0.0157

Week 12 0.56 + 0.72 1.03 + 0.86 0.2806 0.2126 0.0689

Fatigue

Baseline 231 +0.74 2.54 +0.70

Week 6 1.13 £ 0.87 1.97 + 1.01 0.0105 0.0151 0.0016

Week 12 1.00 £ 0.72 1.83 £0.92 0.0059 0.0104 0.0028

Arthralgia, Myalgia

Baseline 2.13+0.71 1.91 £ 0.89

Week 6 1.16 £ 0.77 1.49 £ 0.92 0.0138 0.0112 0.0115

Week 12 091 +0.73 1.40 + 1.03 0.0020 0.0039 0.0033

Headache

Baseline 1.72 £ 0.81 1.63 +£1.03

Week 6 0.75 + 0.84 1.31 +1.02 0.0064 0.0089 0.0080

Week 12 0.47 + 0.67 1.09 + 0.85 0.0034 0.0047 0.0028

Heart palpitation

Baseline 1.81 +0.82 1.80 + 0.93

Week 6 0.63 + 0.66 1.34 + 1.06 0.0009 0.0007 0.0005

Week 12 0.38 £ 0.55 0.94 +£0.97 0.0180 0.0107 0.0132
Formication

Baseline 1.59 + 0.80 1.40 £ 0.98

Week 6 0.47 £ 0.67 1.14 £ 091 <0.0001  <0.0001 <0.0001

Week 12 0.38 + 0.55 0.94 +0.84 0.0019 0.0015 0.0014

Dryness of vagina

Baseline 2.28 +0.89 2.17 £1.01

Week 6 1.25 + 0.80 1.97 + 0.95 0.0029 0.0045 0.0003

Week 12 0.94 £ 091 1.83 +£0.92 0.0006 0.0007 0.0003

Values are presented as the mean + SD. * Comparison between groups (changes from baseline); two-sample ¢-test.
** Comparison between groups (changes from baseline); Wilcoxon rank-sum test. + Comparison between groups
(changes from baseline); ANCOVA adjusted for baseline and age.



J. Clin. Med. 2020, 9, 2173 9of 16

3.3.2. Evaluation of the Quality of Life

To evaluate the quality of life, subjects completed the MENQOL questionnaire, with the answers
used to measure subjective improvement. The questionnaire comprises 29 questions, assessing physical,
psychosocial, vasomotor, and sexual symptoms. For this evaluation, a decrease in the MENQOL score
represented an improvement in the quality of life. The analysis of changes in MENQOL scores revealed
that all four symptom categories showed statistically significant differences between the two groups at
6 and 12 weeks of MENOLACTO® administration (Table 4.).

Table 4. Changes in MENQOL scores from baseline according to symptoms.

Domain ~ MENOLACTO® (#=32) Placebo (n = 35) p* p** pt
Physical

Baseline 3.36 + 1.41 3.67 +1.33

Week 6 193 +1.11 336 +1.52 0.0018 0.0070 0.0001
Week 12 1.62+1.14 2.72+148 0.0481 0.1488 0.0074

Psychosocial

Baseline 339 +1.61 3.44 +1.37

Week 6 214 +1.25 3.34+152 0.0037 0.0106 0.0002
Week 12 1.59 +1.26 2.72+1.35 0.0218 0.0974 0.0027

Vasomotor

Baseline 3.84 +1.95 3.95+1.81

Week 6 213 +£1.35 3.40 £1.95 0.0072 0.0126 0.0015
Week 12 1.37 +1.29 2.72 +£1.85 0.0129 0.0406 0.0041

Sexual

Baseline 453 +1.63 422 +1.85

Week 6 2.88+1.76 433 +1.81 0.0001 0.0003 0.0002
Week 12 2.59 +2.00 3.87 +2.05 0.0042 0.0057 0.0079

Values are presented as the mean + SD. * Comparison between groups (changes from baseline); two-sample ¢-test.
** Comparison between groups (changes from baseline); Wilcoxon rank-sum test. + Comparison between groups
(changes from baseline); ANCOVA adjusted for baseline and age.

3.4. Safety

3.4.1. Adverse Events

Safety was evaluated in the safety set, with 12 adverse events from eight subjects in the experimental
group and 10 adverse events from eight subjects in the control group reported, although the difference
between the two groups was not statistically significant. One serious adverse event occurred in the
control group, and there was no discontinuation due to adverse events (Table 5).

Adverse events occurring after administration of MENOLACTO® were coded according to
System Organ Class (MedDRA,; https://www.meddra.org/). Major adverse events in the experimental
group included neurological disease, reproductive or breast dysfunction, respiratory dysfunction, and
thoracic or mediastinal disease, whereas those in the control group included respiratory dysfunction
and thoracic or mediastinal disease. A serious adverse event occurred in one subject in the control
group with a history of hospitalization due to pneumonia prior to this study. The subject showed
recurrence of pneumonia symptoms during the study and for which the subject was hospitalized;
however, the subject recovered with standard treatment and was discharged. The investigators deemed
that there was no evident causal relationship between the serious adverse event and MENOLACTO®
administration. The subject was subsequently excluded from the study due to failure to follow-up
after visit 3.
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Table 5. Classification of adverse events.

MENOLACTO® (1 = 42) Placebo (1 = 43)
Adverse Event
Case Incidence Rate (%) Case Incidence Rate (%)
Lymphadenopathy 0 0 1 10.00
Cystitis 1 8.33 0 0
Pneumonia 0 0 1 10.00
Upper respiratory tract infection 1 8.33 0 0
Musculoskeletal pain 0 0 1 10.00
Temporomandibular joint syndrome 1 8.33 0 0
Headache 2 16.67 0 0
Paresthesia 1 8.33 0 0
Depression 0 0 1 10.00
Breast pain 3 25.00 0 0
Vaginal discharge 0 0 1 10.00
Cough 0 0 1 10.00
Osteoclastogenic influenza 1 8.33 0 0
Oropharyngeal pain 0 0 3 30.00
Pharyngitis 1 8.33 1 10.00
Pneumonia 1 8.33 0 0
Total 12 100.00 10 100.00

Evaluation of the severity of symptoms associated with the adverse events revealed that the
experimental group showed 11 cases of mild adverse events and one case of a moderate event,
whereas the control group showed nine cases of mild events and one moderate event. Five cases in the
experimental group were determined as having no association with MENOLACTO®, four were deemed
evidently unassociated with MENOLACTO®, and three were deemed to have an unknown association
with MENOLACTO®. In the control group, three cases were determined as having no association with
MENOLACTO®, and seven were deemed evidently unassociated with MENOLACTO®. There were
no statistically significant differences between the two groups (p = 0.1812).

3.4.2. Changes in E2 and FSH Levels

The experimental group showed a decrease in E2 level by 11.11 + 52.92 pg/mL after 12 weeks of
MENOLACTO® administration, whereas the control group showed a decrease of 9.16 + 49.10 pg/mL,
although the difference between the two groups was not significant (p = 0.8678). Additionally,
the experimental group showed an increase in FSH level of 3.80 + 25.02 mIU/mL after 12 weeks of
MENOLACTO® administration, whereas the control group showed an increase of 5.96 + 33.74 mIU/mL,
with this difference also not statistically significant (p = 0.7526) (Table 6).

Table 6. Changes in E2 and FSH levels relative to baseline.

Domain n MENOLACTO® n Placebo p*
E2 (pg/mL) Baseline 42 28.10 + 47.78 43 25.82 +43.59
P Week 12 38 16.51 + 23.16 38 17.92 + 23.57 0.8678
Baseline 42 75.29 £ 3391 43 74.02 + 30.38
FSH (mIU/mL) Week 12 38 79.64 + 27.37 38 80.81 £ 37.35 0.7526

Values are presented as the mean + SD. * Comparison between groups (changes from baseline); two-sample ¢-test.

3.4.3. Changes in Endometrial Thickness

Endometrial thickness decreased in the experimental group by 0.31 + 2.01 mm after 12 weeks of
MENOLACTO® administration, whereas the control group showed an increase of 0.24 + 1.48 mm,
although the difference between the two groups was not statistically significant (p = 0.2091) (Table 7).



J. Clin. Med. 2020, 9, 2173 110f 16

Table 7. Changes in endometrial thickness relative to baseline.

Domain n MENOLACTO® n Placebo p*
Endometrial Baseline 372 2.78 +1.68 39b 2.56 +1.19
thickness (mm) Week 12 33 2.42 +1.80 34 2.86 +1.59 0.2091

Values are presented as the mean + SD. * Comparison between groups (changes from baseline); two-sample
t-test. * MENOLACTO® group: 5 subjects of no uterus were excluded. ® Placebo group: 4 subjects of no uterus
were excluded.

4. Discussion

This WAs the first clinical trial to simultaneously investigate the efficacy and safety of a 12-week
treatment with L. acidophilus to improve symptoms in menopausal women. In this multi-center,
randomized, double-blinded, placebo-controlled clinical trial, MENOLACTO® significantly reduced
menopausal symptoms according to instruments commonly used to measure outcomes (total KMI
score and MENQOL). The KMI score revealed a ~66% reduction after MENOLACTO® treatment
relative to baseline levels, whereas a 37% reduction was observed in the placebo group. Regarding
specific symptoms, MENOLACTO® treatment alleviated symptoms, such as hot flashes, paresthesia,
nervousness, melancholia, fatigue, arthralgia, headache, heart palpitation, formication, and vaginal
dryness, according to KMI scores and physical, psychosocial, vasomotor, and sexual symptoms of
MENQOL responses relative to the placebo group.

HRT relieves menopausal symptoms by restoring sex hormone levels [40]; however, long-term
use of hormone therapy is associated with an increased risk of coronary heart disease, thromboembolic
events, stroke, and breast malignancy [41]. Phytoestrogens, proposed as an HRT alternative, have been
evaluated for their efficacy in treating menopausal symptoms [42,43]; however, study findings using
menopausal women are insufficient and show conflicting results [44,45]. Recent studies show that
menopausal symptoms are alleviated independent of E2 concentration in vivo by regulating gut
microbiota [46,47]. Furthermore, probiotics might influence both the enteric nervous system and the
central nervous system in addition to their effects on the mucosal immune system through modification
of the gut microbiome [48]. Therefore, in the present study, we assessed the ability of the probiotic
L. acidophilus to relieve menopausal symptoms.

Gut microbiota significantly affects metabolism, immunity, and protection against pathogens [49].
The relationship between gut microorganisms and menopause has been previously studied [32], with
findings revealing that gut microflora changes after menopause in both animal models and clinical
trials [50,51]. Intestinal microbial changes might represent a mechanism through which menopausal
symptoms can be alleviated, regardless of estrogen level. A previous study has reported that sex
hormone deficiency increases gut permeability and levels of osteoclastogenic cytokine, resulting in
bone loss; however, this has not been observed in germ-free mice [52]. By contrast, sex hormone
treatment alters gut microbiota [53,54], with several studies reporting that menopausal symptoms are
alleviated by regulating gut microbiota [47,55]. Probiotics are well-known regulators of gut microbiota
and improve bone mineral density in menopause animal models by regulating inflammation [52,56].
Additionally, probiotics reduce depressive behavior by regulating inflammation and activity by the
hypothalamus-pituitary-adrenal axis [57]. In the present study, menopausal symptoms were alleviated,
regardless of E2 and FSH levels, suggesting that MENOLACTO® relieved climacteric symptoms.

There are a limited number of clinical trials of probiotics assessing their effect on menopausal
women. Probiotics are currently being studied in relation to vaginal and bone health. A previous
study has shown that in postmenopausal women, Nugent scores decrease after a 14-day treatment
with Lactobacillus reuteri RC-14 and Lactobacillus rhamnosus GR-1 along with sodium alginate [58].
Additionally, vaginal maturation indices reportedly change following administration of L. acidophilus
and estriol tablets to postmenopausal women with vaginal atrophy symptoms [59]. Moreover,
a mixture of Lactobacillus strains improves lumbar spine-bone loss in postmenopausal women [60].
However, there are no studies directly addressing whether probiotics relieve menopausal symptoms,
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although clinical trials have been conducted in relation to symptoms of insomnia, depression, fatigue,
and headache [61-64].

In this study, participants who received MENOLACTO® treatment for 12 weeks showed
a significant reduction in scores related to all KMI categories relative to baseline scores. Compared
with a previous study reporting similar baseline KMI scores to those reported here, hormone therapy,
along with individualized pharmaceutic care for 12 months, resulted in similar reductions in KMI
scores to those reported following MENOLACTO® treatment for 12 weeks [65]. This suggested that
the reduced KMI levels associated with MENOLACTO® treatment are clinically relevant.

Our data showed that MENOLACTO® treatment did not alter endometrial thickness, and we
observed no elevation in circulating levels of E2. These results supported the therapeutic safety
of MENOLACTO®, although further studies are required to assess its long-term effects on the
endometrium. This study had some limitations. First, KMI scores and the MENQOL questionnaire
are widely used to diagnose menopause; however, these methods rely on accurate self-reporting.
Second, the follow-up was for a relatively short period, and the mechanism of action remains unclear.
We suggested that intestinal microbial regulation might be involved in the observed results; however,
the intestinal microbial analysis was not conducted. Further studies are needed to confirm the
effectiveness of MENOLACTO® therapy in menopausal women, as well as the associated mechanism.

5. Conclusions

In summary, we reported an improvement in menopausal symptoms following MENOLACTO®
treatment according to the results of a multi-center, randomized, 12-week, double-blinded,
placebo-controlled clinical trial. The findings demonstrated that MENOLACTO® treatment was
effective at alleviating menopausal symptoms and was safe, with no adverse effects on E2 levels.
Additionally, this was the first study demonstrating improvements in total KMI scores, as well as scores
in 10 KMI categories, relative to a placebo group. Therefore, these findings suggested the efficacy of
MENOLACTO® as a dietary supplement for women experiencing menopausal symptoms, such as
hot flashes, paresthesia, nervousness, melancholia, fatigue, arthralgia, headache, heart palpitation,
formication, and vaginal dryness.
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