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Abstract: A reduction in estrogen levels in the perimenopausal and postmenopausal periods causes
various symptoms in women, such as hot flushes, sweats, depression, anxiety, and insomnia.
Chlorogenic acids (CGAs), which are phenolic compounds widely present in plants such as coffee
beans, have various physiological functions. However, the effects of CGAs on menopausal symptoms
are unknown. To examine the effects of CGAs on menopausal symptoms, especially hot flushes,
a randomized, placebo-controlled, double-blind, parallel-group trial was conducted in healthy women.
Eighty-two subjects were randomized and assigned to receive CGAs (270 mg) tablets or the placebo
for 4 weeks. After 4 weeks of intake, the number of hot flushes, the severity of hot flushes during
sleep, and the severity of daytime sweats decreased significantly in the CGA group compared to the
placebo group. The modified Kupperman index for menopausal symptoms decreased significantly
after 2 weeks in the CGA group compared to the placebo group. Adverse effects caused by CGAs
were not observed. The results show that continuous intake of CGAs resulted in improvements in
menopausal symptoms, especially hot flushes, in healthy women.
Keywords: chlorogenic acid; hot flushes; menopausal symptoms

1. Introduction
Peri- and postmenopausal women are afflicted by various physical and psychological disorders
that are collectively referred to as menopausal symptoms, including hot flushes, sweats, insomnia,
and anxiety. Hot flushes and sweats are considered vasomotor symptoms because of their vascular
reactivity with vasodilation and vasoconstriction, and usually start from the face—mainly the upper
body—and may spread to the head, chest, and even the whole body. Vasomotor symptoms interfere with
daily activities and sleep, and can cause fatigue, loss of concentration, and symptoms of depression,
affecting the quality of life (QOL) of menopausal women. Several factors have been reported to
exacerbate vasomotor symptoms, for example, surgical menopause, high body mass index (BMI),
and smoking.
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The mechanism underlying the development of vasomotor symptoms is not fully understood.
One hypothesis is that menopausal women with hot flushes have a narrower thermoneutral zone [1].
Kisspeptin/neurokinin B/dynorphin (KNDy) neurons [2], calcitonin gene-related peptide [3], vascular
endothelial function [4], and autonomic nervous system function [5,6] have also been reported to be
involved in the development of vasomotor symptoms. The domino theory [7] suggests that hot flushes
result in reduced sleep duration, leading to the exacerbation of psychological symptoms due to a lack
of sleep. Conversely, improving sleep conditions may lead to a decrease in hot flushes [8].
Various methods have been reported to relieve menopausal symptoms, and hormone replacement
therapy (HRT) is accepted as the most effective treatment for hot flushes. Despite concerns about
the safety of HRT after the publication of the Women’s Health Initiative (WHI) study [9], HRT has
many functions in improving women’s QOL, and is considered the most effective treatment [10].
Some types of kampo (Japanese traditional herbal medicine) have been reported to improve menopausal
symptoms [11,12], and herbs and dietary nutrients such as black cohosh [13], isoflavone [14,15],
equol (a metabolite of isoflavones) [16], and proanthocyanidin [17] are also known to relieve
menopausal symptoms.
Previous research has suggested that racial differences exist in the severity of hot flushes, with Asian
women experiencing fewer hot flushes than Caucasian women [18]. In the equol study [16], subjects
were Japanese women who experienced hot flushes approximately three times a day on average;
however, dietary nutrients that reduce the relatively infrequent hot flushes may be more effective for
Japanese women during menopause.
Chlorogenic acids (CGAs) are phenolic compounds widely present in plants such as coffee
beans. CGAs have been documented to have antitumor [19] and antioxidant [20] effects in addition to
effects in improving vascular endothelial function and hypertension [21] and reducing body fat [22].
Recent studies have reported that the continuous intake of CGAs improves autonomic nervous system
activity [23] and sleep quality [24]; however, the effects on women’s menopausal symptoms are
unknown. In the present study, the effects of the continuous intake of CGAs on menopausal symptoms,
especially hot flushes, were examined in healthy menopausal women.
2. Materials and Methods
2.1. Study Design
A randomized, placebo-controlled, double-blind, parallel-group trial was conducted to assess
the effects of CGA intake on menopausal symptoms, especially hot flushes. The total test period was
6 weeks, including a pre-observation period of 1 week (week 0), a test tablet intake period of 4 weeks
(weeks 1–4), and a post-observation period of 1 week (week 5). Subjects took either 6 CGA tablets
containing green coffee bean extract or 6 placebo tablets with water before sleep.
The study protocol was prepared prior to commencing the study. The study was conducted
after review and approval by the Human Research Ethics Committee of Kao Corporation (approval
no. T150-180720, approved 23 August 2018) and registration with the University Hospital Medical
Information Network (UMIN) Clinical Trials Registry (ID: UMIN000034056). The study was conducted
from September 2018 to April 2019 in accordance with the Declaration of Helsinki and directed entirely
by Research and Development Inc. (Tokyo, Japan). The primary endpoint was menopausal symptoms
(the number of hot flushes) at four weeks after the completion of intake, and the secondary endpoints
were the number of sweats, severities of hot flushes and sweats, general menopausal symptoms,
health-related QOL (HRQOL), and anxiety.
2.2. Subjects
Healthy female volunteers aged 40–59 years with menopausal symptoms were recruited from
around the Tokyo metropolitan area. The inclusion criteria for the subjects were as follows: healthy
women 40–59 years of age, moderate or severe rating according to the modified Kupperman menopausal
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Of the 82 subjects, three in the placebo group withdrew from the study (one subject was prescribed
an antihypertensive drug during the pre-observation period, one subject developed symptoms of
insomnia during the study period, and one subject was hospitalized due to an injury during the study
period). In the CGA group, two subjects were excluded from the study (one subject discontinued the
intake of the test tablets due to a cold during the study period, and one subject for personal reasons).
Therefore, 77 subjects who completed study (38 subjects in the placebo group and 39 subjects in the
CGA group) were included in the analysis. The mean intake rate of the test tablets among those who
completed the study was 98.6% in the CGA group and 99.6% in the placebo group. For the 385 data
points (corresponding to 5 weeks multiplied by 77 subjects), there were three missing measurements in
the hot flush dataset and six missing measurements in the sweat dataset.
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The background characteristics of the subjects who completed the study in each group are shown
in Table 1. There were no significant differences between the two groups in terms of any of the items.
The causal relationships of adverse events identified during and after the study was completed were
evaluated by a physician. Of the four adverse events identified during the study period, the causal
relationship with the study intervention of one subject in the placebo group, who developed insomnia
after the start of ingestion of the study tablets, was deemed “undeniable”; however, there was no
conclusion that there was a causal relationship, including the events identified after the completion of
the study.
Table 1. Baseline characteristics by treatment group (per protocol set).

Age (years)
Height (cm)
Body weight (kg)
BMI (kg/m2 )
mKMI total score
Menopause Status
Premenopausal
Perimenopausal
Postmenopausal
Missing

Placebo

CGA

n = 38

n = 39

48.2, 51.0, 55.0 (51.4 ± 4.3)
155.0, 159.5, 162.0 (158.4 ± 5.0)
49.2, 54.5, 60.0 (55.0 ± 7.2)
19.6, 21.7, 23.7 (22.0 ± 3.1)
17.2, 22.0, 27.8 (23.1 ± 8.0)

48.0, 51.0, 54.5 (51.3 ± 4.6)
155.5, 158.0, 162.0 (158.5 ± 4.7)
51.0, 55.0, 59.0 (54.9 ± 6.9)
19.9, 21.3, 23.2 (21.9 ± 2.8)
16.0, 22.0, 27.5 (22.5 ± 8.0)

16% (6)
32% (12)
53% (20)
0% (0)

15% (6)
36% (14)
46% (18)
3% (1)

Test Statistic
F1.75 = 0, p = 0.992 1
F1.75 = 0.02, p = 0.899 1
F1.75 = 0.01, p = 0.932 1
F1.75 = 0.03, p = 0.872 1
F1.75 = 0.12, p = 0.731 1
χ23 = 1.25, p = 0.742 2

The three numbers left center right represent the lower quartile left, the median center, and the upper quartile right
for continuous variables. x ± s represents X ± 1 SD. Numbers in parentheses after percentages indicate frequencies.
Tests used: 1 Wilcoxon rank-sum test; 2 Pearson’s χ2 test. CGA, chlorogenic acid; BMI, body mass index; mKMI,
modified Kupperman menopausal index.

2.3. Test Tablets
CGAs were extracted from green coffee beans with hot water, and caffeine was removed from the extract
using activated carbon. The extract was spray-dried to obtain a powder. The compositions of the CGAs
were determined using high-performance liquid chromatography and were as follows: caffeoylquinic acids
(CQAs) 5-caffeoylquinic acid, 3-caffeoylquinic acid, and 4-caffeoylquinic acid; feruloylquinic acids (FQAs)
3-feruloylquinic acid, 4-feruloylquinic acid, and 5-feruloylquinic acid; dicaffeoylquinic acids (di-CQAs)
3,4-dicaffeoylquinic acid, 3,5-dicaffeoylquinic acid, and 4,5-dicaffeoylquinic acid. The CGA tablets (300
mg/tablet, 6 tablets/day) were industrially manufactured to be homogeneous with excipients and flavoring
so that six CGA tablets contained 270 mg of the main CGA components (CQAs and FQAs). The placebo
tablets did not contain CGAs and were replaced with excipients. According to an analysis by a third-party
analysis agency for manufactured tablets, the six CGA tablets contained 272.5 mg of the main components
of CGAs (CQAs and FQAs), 1.35 g of carbohydrates (including CGAs), 338 mg of protein, and 34.2 mg of fat.
The six placebo tablets contained 1.72 g of carbohydrates, 1.8 mg of protein, and 37.8 mg of fat. The subjects
could not identify which tablets they were taking based on the appearance and taste of the tablets.
2.4. Assessment of Hot Flushes and Sweats
The subjects recorded the number of hot flushes and sweats, wake-up time, and bedtime over a
total period of 6 weeks (weeks 0–5), and they also recorded whether test tablets were taken during
weeks 1–4 (4 weeks) in their daily diary. The severities of hot flushes and sweats during the daytime or
sleep was assessed every two weeks using a visual analog scale (VAS) (last day of weeks 0, 2, and 4).
The VAS was represented as a 100 mm-long straight line with the left end representing “no symptoms at
all” and the right end representing “extremely severe symptoms”. Subjects marked the scale according
to the severity of items, and the position was measured as the distance (mm) from the left edge.
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2.5. Assessment of Menopausal Symptoms, HRQOL, and Anxiety
The mKMI [25] is a questionnaire that is a modification of the Kupperman menopausal index
(KMI) [26] for the assessment of Japanese women. The mKMI includes 17 questions in which questions
related to symptoms characteristic of Japanese menopausal women are added to the 11 questions of the
original KMI. The 17 questions were classified into the following 11 symptoms according to the KMI:
vasomotor, paresthesia, insomnia, nervousness, melancholia, vertigo, weakness/fatigue, arthralgia
and myalgia, headaches, palpitation, and formication. For each of the 17 questions, subjects selected
the level of the condition according to 4 levels (strong, medium, weak, and none) experienced in
the previous 2–3 days. The highest severity for each question in the symptom group was taken as
the severity of the symptom group, and the score was calculated using the KMI weighting method.
The highest possible total score for the mKMI was 51, which is the same as for the KMI, and the severity
grading was assessed according to the following scores: 0–12 is I, 13–22 is II, 23–33 is III, 34–43 is IV,
and 44–51 is V. I and II are considered as mild, III as moderate, and IV and V as severe. The mKMI was
used to evaluate the effect of intervention, and determining the severity was not its primary purpose.
We used the mKMI to confirm the effects of the intervention.
The Short Form-8 (SF-8) is a scale that can measure 8 areas of health and HRQOL measures [27].
From SF-8, the Physical Component Summary (PCS-8) score and Mental Component Summary (MCS-8)
score were calculated. There are 8 items in the SF-8, and the appropriate SF-36 v2 subscale score is
assigned to the category of answers for each item. The subscale of SF-8 is weighted and added by the
coefficient for PCS-8 or the coefficient for MCS-8 (coefficient of the regression obtained from Japanese
general population data). By adding an intercept of the regression, the scores of PCS-8 and MCS-8 are
standardized in the Japanese national data so that they have the same meaning as the summary score
of SF-36. The higher the SF-8 score, the better the health condition. The State-Trait Anxiety Inventory
(STAI) is a psychological test where the degree of state anxiety and trait anxiety are each scored from a
different set of 20 answers [28]. The higher the scores for state and trait anxiety, the greater the anxiety.
In this study, we used the standard version of the STAI, in which the past month was considered as the
review period.
The study began on a Friday, and subjects performed the assessments on the designated Thursday
nights. The mKMI was conducted on the last day of weeks 0, 2, and 4. The SF-8 and STAI were
administered on the last day of weeks 0 and 4.
2.6. Statistical Analysis
To estimate the sample size, we referred to previous studies that evaluated the role of dietary
nutrients in the health of menopausal women. Hirose et al. investigated the effects of low-dose
soy isoflavone aglycone in 90 subjects (each group consisted of 30 subjects) [15], and Terauchi et al.
examined the effects of grape seed proanthocyanidin extract in 96 subjects (each group consisted
of 31–33 subjects) [17]. In this study, we set the recruitment target for each group to 45 subjects,
anticipating that the improvement effect would be difficult to determine because the subjects had a
relatively low frequency of hot flushes, which was the primary endpoint.
The indicators representing the characteristics of the subjects at baseline were reported as quartiles
and means ± standard deviations (SDs) for continuous variables, and categorical variables were
presented as frequencies. The number of hot flushes and the number of sweats were totaled weekly at
weeks 0, 1, 2, 3, and 4. The subjects with missing data measurements were excluded from the data at
that time. These weekly data were summarized as means and standard errors (SEs) using the Poisson
regression model as they were count values. The comparisons between the placebo and CGA groups
were conducted using the model, adjusted to use week 0 as the baseline. The objective variable of this
model was the number of hot flushes and sweats at week 4 as the primary and secondary endpoints,
respectively; however, weeks 1, 2, and 3 were also examined. The amount of change from the baseline
VAS assessment was reported as the box plot, and the Wilcoxon rank-sum test was used for comparison.
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3.2. Severities of Hot Flushes and Sweats (VAS Assessment)
3.2. Severities of Hot Flushes and Sweats (VAS Assessment)
Figure 3 shows the amount of change in the severity of hot flushes and sweats among the subjects
Figure 3 shows the amount of change in the severity of hot flushes and sweats among the subjects
compared to week 0 (baseline); the data of three subjects were excluded due to recording errors in either
compared to week 0 (baseline); the data of three subjects were excluded due to recording errors in
either week 0 or 4. At week 4, we found significant differences in the severity of hot flushes during
sleep and daytime sweats between the placebo and CGA groups according to the Wilcoxon rank-sum
test.
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3.3. Menopausal Symptoms
3.3. Menopausal Symptoms
Figure 4 shows the results of the mKMI severity grading. The subjects were women experiencing
Figure 4 shows the results of the mKMI severity grading. The subjects were women experiencing
hot flushes who were otherwise healthy, and more than half of the subjects had a mKMI grade of I or II
hot flushes who were otherwise healthy, and more than half of the subjects had a mKMI grade of I
at week 0. Therefore, we conducted a statistical test focusing on the change in the proportion of grade I
or II at week 0. Therefore, we conducted a statistical test focusing on the change in the proportion of
or II mKMI. Although improvements in menopausal symptoms were observed over time in both the
grade I or II mKMI. Although improvements in menopausal symptoms were observed over time in
placebo and CGA groups, the improvement was faster in the CGA group than in the placebo group,
both the placebo and CGA groups, the improvement was faster in the CGA group than in the placebo
group, with a significant difference demonstrated between the groups at week 2 according to the
Wilcoxon rank-sum test.
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CGA
were
p = p0.906,
p =p0.016,
andand
p =p0.173
forfor
weeks
0, 2,
as severe.
Comparisons
between
placebo
CGA
were
= 0.906,
= 0.016,
= 0.173
weeks
0,
and
4, respectively,
as assessed
by a logistic
regression
modelmodel
with a with
threshold
score between
22 and 23.
2, and
4, respectively,
as assessed
by a logistic
regression
a threshold
score between
22
Numbers
in parentheses
indicate frequencies.
CGA, chlorogenic
acid.
and 23. Numbers
in parentheses
indicate frequencies.
CGA, chlorogenic
acid.

3.4. HRQOL and Anxiety
3.4. HRQOL and Anxiety
Table 2 shows the results for the SF-8 and STAI. The PCS-8 scores and MCS-5 scores of the SF-8
Table 2 shows the results for the SF-8 and STAI. The PCS-8 scores and MCS-5 scores of the SF-8
significantly increased compared to the initial values in both the placebo and CGA groups, and the
significantly increased compared to the initial values in both the placebo and CGA groups, and the
state and trait anxiety of STAI decreased in both groups. All findings showed significant improvements
state and trait anxiety of STAI decreased in both groups. All findings showed significant
compared to the initial values in both groups; however, no significant difference between the two
improvements compared to the initial values in both groups; however, no significant difference
groups was observed.
between the two groups was observed.
Table 2. Baseline and change of the Short Form-8 (SF-8) and State-Trait Anxiety Inventory (STAI) scores.
Table 2. Baseline and change of the Short Form-8 (SF-8) and State-Trait Anxiety Inventory (STAI)
Baseline
Change from Baseline at Week 4
Difference of Change
scores.
Placebo

CGA

Baseline
nCGA
= 39
n = 38
n = 39

n = 38
Placebo
SF-8
PCS-8
score
SF-8
MCS-8 score

43.4 ± 1.0
44.6 ± 1.3

45.7 ± 1.1
44.7 ± 1.3

Placebo
n = 38
Placebo

n = 38
2.6 ± 1.1
4.7 ± 1.1

p-Value

CGA

p-Value

0.018 *
<0.001 *

2.4 ± 1.1
3.5 ± 1.2

0.025 *
0.004 *

Change from Baseline at Week 4
Within
Groups
nCGA
= 39
Within
Groups
p-Value
p-Value
Within Groups
n = 39
Within Groups

p-Value

Difference of Change
Between
Groups
p-Value
Between Groups
0.712
0.308

PCS-8 score 43.4 ± 1.0 45.7 ± 1.1 2.6 ± 1.1
0.018 *
2.4 ± 1.1
0.025 *
0.712
STAIscore 44.6 ± 1.3 44.7 ± 1.3
MCS-8
4.7 ± 1.1
<0.001 *
3.5 ± 1.2
0.004 *
0.308
State anxiety
45.7 ± 1.7
46.5 ± 1.6
−4.8 ± 1.5
0.003 *
−4.5 ± 1.3
0.002 *
0.560
STAI
Trait anxiety
50.2 ± 1.9
48.4 ± 1.7
−4.6 ± 1.1
<0.001 *
−4.0 ± 1.1
0.004 *
0.465
State anxiety 45.7 ± 1.7 46.5 ± 1.6 −4.8 ± 1.5
0.003 *
−4.5 ± 1.3
0.002 *
0.560
Summary
statistics
are
presented
as
mean
±
standard
error.
p-values
were
derived
by
Wilcoxon
rank-sum
Trait anxiety 50.2 ± 1.9 48.4 ± 1.7 −4.6 ± 1.1
<0.001 *
−4.0 ± 1.1
0.004 *
0.465test.
* p < 0.05. CGA, chlorogenic acid; SF, Short Form; PCS, Physical Component Summary; MCS, Mental Component
SummarySTAI,
statistics
are presented
as mean ± standard error. p-values were derived by Wilcoxon rankSummary;
State-Trait
Anxiety Inventory.

sum test. * p < 0.05. CGA, chlorogenic acid; SF, Short Form; PCS, Physical Component Summary; MCS,
Mental Component Summary; STAI, State-Trait Anxiety Inventory.
4. Discussion

The hot flushes that afflict menopausal women are classified as vasomotor symptoms that are
4. Discussion
strongly associated with physical and mental disorders such as insomnia and anxiety, and there are
Thetheories
hot flushes
that afflict
menopausalunderlying
women aretheir
classified
as vasomotor
symptoms
are
various
regarding
the mechanism
development.
We focused
onthat
CGAs,
strongly
associated
and mental
disorders
such
as insomnia
and anxiety,
and function,
there are
dietary
nutrients
thatwith
affectphysical
sleep, autonomic
nervous
system
activity,
and vascular
endothelial
various
theories
regarding
the
mechanism
underlying
their
development.
We
focused
on
CGAs,
which are the factors involved in hot flushes, and investigated whether CGAs can reduce the frequency
dietary
nutrients
that
affect
sleep,
autonomic
nervous
system
activity,
and
vascular
endothelial
and severity of hot flushes.
function, which are the factors involved in hot flushes, and investigated whether CGAs can reduce
the frequency and severity of hot flushes.
When healthy menopausal women were administered 270 mg of CGAs for four weeks, they
reported a significant decrease in the number of hot flushes. The subjects in this study were women
considered to be healthy except for experiencing an average of 1.4 hot flushes per day, suggesting
that the continuous intake of CGAs may further improve the symptoms of relatively infrequent hot
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When healthy menopausal women were administered 270 mg of CGAs for four weeks, they reported
a significant decrease in the number of hot flushes. The subjects in this study were women considered
to be healthy except for experiencing an average of 1.4 hot flushes per day, suggesting that the
continuous intake of CGAs may further improve the symptoms of relatively infrequent hot flushes.
The frequency and severity of vasomotor symptoms, such as hot flushes and sweats, vary depending
on the individual, and it is important to address not only the frequency but also the severity of such
symptoms. In addition to affecting the QOL during the day, vasomotor symptoms have been shown
to cause persistent insomnia and depressive symptoms by interfering with sleep, as suggested by
the domino theory [7]. In the present study, we found a significant improvement in the CGA group,
namely a reduced severity of sleep hot flushes and daytime sweats (VAS). These results suggest that
the continuous intake of CGAs relieves vasomotor symptoms and contributes to improving QOL in
menopausal women.
To assess the effectiveness of the continuous intake of CGAs on overall menopausal symptoms,
the severity grading was assessed from the total mKMI score, and population changes were observed.
The proportion of grade I or II mKMI showed a significant improvement with CGA intake in the
second week. This result suggests that some menopausal symptoms may also be ameliorated by the
ingestion of CGAs.
The placebo group also showed an improvement in the frequency of hot flashes and sweats from
the baseline. Menopausal symptoms have been reported to be affected by psychological status [29].
In this study, taking a test tablet may have raised the expectations of the subjects, and they may have
been relieved to find out the effect of taking the tablets from the physical condition records. In the CGA
group, in addition to effects of the CGAs, psychological effects also appeared; therefore, we considered
that an improvement was experienced earlier in the CGA group compared to the placebo group.
These results suggest that a combination of psychotherapy, behavioral therapy, and the intake of CGAs
is beneficial.
Why did the continuous intake of CGAs improve menopausal symptoms, especially vasomotor
symptoms? There have been many studies on vasomotor symptoms, including the involvement of
sleep, autonomic activity, and vascular endothelial function. The domino theory states that vasomotor
symptoms cause sleep deprivation and exacerbate psychological symptoms [7], while improving sleep
status has been demonstrated to improve vasomotor symptoms [8]. Regarding the autonomic nervous
system of menopausal women, Thurston et al. investigated the autonomic nervous activity of periand postmenopausal women using power spectrum analysis of heart rate variability [5]. A significant
reduction in cardiac vagal control was found to occur during the hot flushes assessed in women’s daily
activities. Other reports have observed that the sympathovagal balance index value was higher in
postmenopausal women [6]. In addition, there is a report that a greater frequency of physiological hot
flushes was associated with poorer endothelial function among younger midlife women [4].
CGAs have been reported to have effects on sleep, autonomic nerves, and vascular endothelial
function. Ochiai et al. conducted a study in which adult men were given a drink containing 300 mg of
CGAs for 2 weeks and reported reduced fatigue upon awakening and significantly improved sleep
quality in the CGA group [24]. Between the groups, a significant difference in the sleep efficiency and
total nocturnal awaking time in the second half of week 2 was also reported. In a study of nine healthy
men and women taking a test beverage containing 600 mg of CGAs for five days, Park et al. found that
CGAs shortened sleep latency compared with the control group, as well as enhanced parasympathetic
activity, as assessed using heart rate variability during sleep [30].
In addition, Kagawa et al. conducted a study in which 10 healthy men were given a beverage
containing 270 mg of CGAs for 4 weeks, and the analysis of heart rate variability showed that
CGAs significantly increased parasympathetic nervous activity and decreased sympathetic nervous
activity [23]. Based on the above results, the continuous intake of CGAs was expected to enhance
parasympathetic nerve activity, improve sleep quality, and reduce daytime fatigue. The continuous
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intake of CGAs has also been reported to alleviate high blood pressure [31] and improve cutaneous
blood flow regulation after cold stress [32].
CGAs are known to have oxygen-scavenging [33], endothelial nitric oxide synthase-activating [34],
and nicotinamide adenine dinucleotide phosphate oxidase-inhibiting [35] effects. These effects suggest
that CGA improves the bioavailability of nitric oxide in vascular endothelial cells. Therefore, the effects
of CGAs on sleep, autonomic nerves, and vascular endothelial function appear to result in improved
vasomotor symptoms.
CGAs are widely found in foods, such as coffee beans, apples, pears, tomatoes, potatoes,
and eggplants. Of these foods, coffee is rich in CGAs, e.g., single cup of coffee contains 27–121 mg
of CGAs [36]. However, coffee also contains caffeine, which exacerbates menopausal symptoms [37].
Therefore, we developed high concentrated CGA tablets, as the form of a tablet may be useful in terms
of efficient and convenient intake of CGAs.
Methods for improving menopausal symptoms include HRT and the consumption of medications,
such as Japanese traditional herbal medicines (kampo), herbs such as black cohosh, and dietary nutrients
such as isoflavone, equol, and proanthocyanidin. The present findings show that the continuous intake
of CGAs, which are a polyphenol found in coffee and other foods, relieved hot flushes in healthy
women. Accordingly, the results of our study show that the consumption of CGAs is a potential
method for improving menopausal symptoms.
The limitations of this study include the subject population being limited to those with mild
symptoms, no objective assessment of sleep, and lack of measurement of autonomic nervous system
activity and vascular function. To further determine the mechanism through which menopausal
symptoms of healthy women are improved by CGA intake, a diverse range of subjects should be
recruited in future studies, with monitoring of menopausal symptoms and measurement of sleep,
autonomic nervous system activity, and vascular function.
5. Conclusions
The continuous intake of CGAs appears to result in improvement in menopausal symptoms,
especially hot flushes, in healthy Japanese women.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/12/3757/s1,
Figure S1: Subgroup analysis of the estimated number of hot flushes per week (times/week).
Author Contributions: Y.E., study plan and design, study execution, and manuscript preparation; A.S., study
plan and design and manuscript preparation; T.Y., statistical analysis and manuscript preparation; R.O., advice on
study plan, assistance in study execution, and manuscript preparation; M.T., guidance on manuscript preparation;
K.K., supervision of study plan, study execution and manuscript preparation. All authors have read and agreed to
the published version of the manuscript.
Funding: This research received no external funding. This work was supported by Kao Corporation (Tokyo, Japan).
Acknowledgments: The authors thank the subjects and physician for their cooperation in this study. They also
thank Kao Corporation employees Naoki Yamamoto, Mayumi Otsuka, and Yoko Sugiura for their advice.
Conflicts of Interest: Y.E., A.S., T.Y., R.O. and K.K. are employees of Kao Corporation (Tokyo, Japan).

References
1.
2.

3.

Freedman, R.R. Hot flashes: Behavioral treatments, mechanisms, and relation to sleep. Am. J. Med. 2005,
118, 124–130. [CrossRef] [PubMed]
Mittelman-Smith, M.A.; Williams, H.; Krajewski-Hall, S.J.; McMullen, N.Y.; Rance, N.E. Role for
kisspeptin/neurokinin B/dynorphin (KNDy) neurons in cutaneous vasodilatation and the estrogen modulation
of body temperature. Proc. Natl. Acad. Sci. USA 2012, 109, 19846–19851. [CrossRef] [PubMed]
Hay, D.L.; Poyner, D.R. Calcitonin gene-related peptide, adrenomedullin and flushing. Maturitas 2009,
64, 104–108. [CrossRef] [PubMed]

Nutrients 2020, 12, 3757

4.

5.
6.
7.
8.

9.

10.

11.

12.

13.
14.
15.

16.

17.

18.

19.

20.
21.

22.

11 of 12

Thurston, R.C.; Chang, Y.; Barinas-mitchell, E.; Jennings, J.R.; von Känel, R.; Landsittel, D.P.; Matthews, K.A.
Physiologically assessed hot flashes and endothelial function among midlife women. Menopause 2018,
25, 1354–1361. [CrossRef]
Thurston, R.C.; Christie, I.C.; Matthews, K.A. Hot flashes and cardiac vagal control during women’s daily
lives. Menopause 2012, 19, 406–412. [CrossRef]
Moodithaya, S.S.; Avadhany, S.T. Comparison of cardiac autonomic activity between pre and post menopausal
women using heart rate variability. Indian J. Physiol. Pharmacol. 2009, 53, 227–234.
Eichling, P.S.; Sahni, J. Menopause related sleep disorders. J. Clin. Sleep Med. 2005, 1, 291–300. [CrossRef]
Joffe, H.; Petrillo, L.; Viguera, A.; Koukopoulos, A.; Silver-Heilman, K.; Farrell, A.; Yu, G.; Silver, M.;
Cohen, L.S. Eszopiclone improves insomnia and depressive and anxious symptoms in perimenopausal and
postmenopausal women with hot flashes: A randomized, double-blinded, placebo-controlled crossover trial.
Am. J. Obstet. Gynecol. 2010, 202, 171.e1–171.e11. [CrossRef]
Rossouw, J.E.; Anderson, G.L.; Prentice, R.L.; LaCroix, A.Z.; Kooperberg, C.; Stefanick, M.L.; Jackson, R.D.;
Beresford, S.A.; Howard, B.V.; Johnson, K.C.; et al. Risks and benefits of estrogen plus progestin in healthy
postmenopausal women: Principal results From the Women’s Health Initiative randomized controlled trial.
JAMA 2002, 288, 321–333. [CrossRef]
Sturdee, D.W.; Pines, A.; Archer, D.F.; Baber, R.J.; Barlow, D.; Birkhäuser, M.H.; Brincat, M.; Cardozo, L.;
de Villiers, T.J.; Gambacciani, A.A.; et al. Updated IMS recommendations on postmenopausal hormone
therapy and preventive strategies for midlife health. Climacteric 2011, 14, 302–320. [CrossRef]
Chen, J.T.; Shiraki, M. Menopausal hot flash and calciotonin gene-related peptide; Effect of
Keishi-bukuryo-gan, a kampo medicine, related to plasma calciotonin gene-related peptide level. Maturitas
2003, 45, 199–204. [CrossRef]
Yasui, T.; Matsui, S.; Yamamoto, S.; Uemura, H.; Tsuchiya, N.; Noguchi, M.; Yuzurihara, M.; Kase, Y.;
Irahara, M. Effects of Japanese traditional medicines on circulating cytokine levels in women with hot flashes.
Menopause 2011, 18, 85–92. [CrossRef] [PubMed]
Jiang, K.; Jin, Y.; Huang, L.; Feng, S.; Hou, X.; Du, B.; Zheng, J.; Li, L. Black cohosh improves objective sleep
in postmenopausal women with sleep disturbance. Climacteric 2015, 18, 559–567. [CrossRef] [PubMed]
Chen, L.R.; Ko, N.Y.; Chen, K.H. Isoflavone supplements for menopausal women: A systematic review.
Nutrients 2019, 11, 2649. [CrossRef]
Hirose, A.; Terauchi, M.; Akiyoshi, M.; Owa, Y.; Kato, K.; Kubota, T. Low-dose isoflavone aglycone alleviates
psychological symptoms of menopause in Japanese women: A randomized, double-blind, placebo-controlled
study. Arch. Gynecol. Obstet. 2016, 293, 609–615. [CrossRef]
Aso, T.; Uchiyama, S.; Matsumura, Y.; Taguchi, M.; Nozaki, M.; Takamatsu, K.; Ishizuka, B.; Kubota, T.;
Mizunuma, H.; Ohta, H. A natural S-equol supplement alleviates hot flushes and other menopausal symptoms
in equol nonproducing postmenopausal Japanese women. J. Womens Health 2012, 21, 92–100. [CrossRef]
Terauchi, M.; Horiguchi, N.; Kajiyama, A.; Akiyoshi, M.; Owa, Y.; Kato, K.; Kubota, T. Effects of grape seed
proanthocyanidin extract on menopausal symptoms, body composition, and cardiovascular parameters
in middle-aged women: A randomized, double-blind, placebo-controlled pilot study. Menopause 2014,
21, 990–996. [CrossRef]
El Khoudary, S.R.; Greendale, G.; Crawford, S.L.; Avis, N.E.; Brooks, M.M.; Thurston, R.C.;
Karvonen-Gutierrez, C.; Waetjen, L.E.; Matthews, K. The menopause transition and women’s health
at midlife: A progress report from the Study of Women’s Health across the Nation (SWAN). Menopause 2019,
26, 1213–1227. [CrossRef]
Mori, H.; Tanaka, T.; Shima, H.; Kuniyasu, T.; Takahashi, M. Inhibitory effect of chlorogenic acid on
methylazoxymethanol acetate-induced carcinogenesis in large intestine and liver of hamsters. Cancer Lett.
1986, 30, 49–54. [CrossRef]
Natella, F.; Nardini, M.; Giannetti, I.; Dattilo, C.; Scaccini, C. Coffee drinking influences plasma antioxidant
capacity in humans. J. Agric. Food Chem. 2002, 50, 6211–6216. [CrossRef]
Suzuki, A.; Yamamoto, N.; Jokura, H.; Yamamoto, M.; Fujii, A.; Tokimitsu, I.; Saito, I. Chlorogenic acid
attenuates hypertension and improves endothelial function in spontaneously hypertensive rats. J. Hypertens.
2006, 24, 1065–1073. [CrossRef] [PubMed]
Soga, S.; Ota, N.; Shimotoyodome, A. Stimulation of postpransial fat utilization in healthy humans by daily
consumption of chlorogenic acids. Biosci. Biotechnol. Biochem. 2013, 77, 1633–1636. [CrossRef] [PubMed]

Nutrients 2020, 12, 3757

23.

24.

25.
26.

27.
28.
29.
30.

31.

32.

33.

34.
35.

36.
37.

12 of 12

Kagawa, D.; Fujii, A.; Ohtsuka, M.; Murase, T. Ingestion of coffee polyphenols suppresses deterioration of
skin barrier function after barrier disruption, concomitant with the modulation of autonomic nervous system
activity in healthy subjects. Biosci. Biotechnol. Biochem. 2018, 82, 879–884. [CrossRef]
Ochiai, R.; Tomonobu, K.; Ikushima, I. Effect of chlorogenic acids on fatigue and sleep in healthy males:
A randomized, double-blind, placebo-controlled, crossover study. Food Sci. Nutr. 2018, 6, 2530–2536.
[CrossRef] [PubMed]
Abe, T.; Yamaya, Y.; Suzuki, M.; Moritsuka, T. Statistical clustering of women complaining of climacteric
syndrome by cluster analysis. Acta Obstet. Gynaecol. Jpn. 1979, 31, 607–614.
Kupperman, H.S.; Blatt, M.H.; Wiesbader, H.; Filler, W. Comparative clinical evaluation of estrogenic
preparations by the menopausal and amenorrheal indices. J. Clin. Endocrinol. Metab. 1953, 13, 688–703.
[CrossRef]
Fukuhara, S.; Suzukamo, Y. Manual of SF-8 Japanese Version; Institute for Health Outcomes & Process
Evaluation Research: Kyoto, Japan, 2004.
Spielberger, C.D.; Gorsuch, R.L.; Lushene, R.; Vagg, P.R.; Jacobs, G.A. Manual for the State-Trait Anxiety
Inventory; Consulting Psychologists Press: Kansas City, MO, USA, 1983.
Hunter, M.; Battersby, R.; Whitehead, M. Relationships between psychological symptoms, somatic complaints
and menopausal status. Maturitas 1986, 8, 217–228. [CrossRef]
Park, I.; Ochiai, R.; Ogata, H.; Kayaba, M.; Hari, S.; Hibi, M.; Katsuragi, Y.; Satoh, M.; Tokuyama, K. Effects of
subacute ingestion of chlorogenic acids on sleep architecture and energy metabolism through activity of the
autonomic nervous system: A randomised, placebo-controlled, double-blinded cross-over trial. Br. J. Nutr.
2017, 117, 979–984. [CrossRef]
Yamaguchi, T.; Chikama, A.; Mori, K.; Watanabe, T.; Shioya, Y.; Katsuragi, Y.; Tokimitsu, I.
Hydroxyhydroquinone-free coffee: A double-blind, randomized controlled dose-response study of blood
pressure. Nutr. Metab. Cardiovasc. Dis. 2008, 18, 408–414. [CrossRef] [PubMed]
Ueda, S.; Tanahashi, M.; Higaki, Y.; Iwata, K.; Sugiyama, Y. Ingestion of coffee polyphenols improves a scaly
skin surface and the recovery rate of skin temperature after cold stress: A randomized, controlled trial.
J. Nutr. Sci. Vitaminol. 2017, 63, 291–297. [CrossRef]
Suzuki, A.; Yamamoto, M.; Jokura, H.; Fujii, A.; Tokimitsu, I.; Hase, T.; Saito, I. Ferulic acid restores
endothelium-dependent vasodilation in aortas of spontaneously hypertensive rats. Am. J. Hypertens. 2007,
20, 508–513. [CrossRef] [PubMed]
Hou, Y.; Yang, J.; Zhao, G.; Yuan, Y. Ferulic acid inhibits endothelial cell proliferation through NO
down-regulating ERK1/2 pathway. J. Cell Biochem. 2004, 93, 1203–1209. [CrossRef] [PubMed]
Suzuki, A.; Fujii, A.; Yamamoto, N.; Yamamoto, M.; Ohminami, H.; Kameyama, A.; Shibuya, Y.; Nishizawa, Y.;
Tokimitsu, I.; Saito, I. Improvement of hypertension and vascular dysfunction by hydroxyhydroquinone-free
coffee in a genetic model of hypertension. FEBS Lett. 2006, 580, 2317–2322. [CrossRef] [PubMed]
Mills, C.E.; Oruna-Concha, M.J.; Mottram, D.S.; Gibson, G.R.; Spencer, J.P.E. The effect of processing on
chlorogenic acid content of commercially available coffee. Food Chem. 2013, 141, 3335–3340. [CrossRef]
Faubion, S.S.; Sood, R.; Thielen, J.M.; Shuster, L.T. Caffeine and menopausal symptoms: What is the
association? Menopause 2015, 22, 155–158. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

