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Preface to ”Nutrition Challenges for Middle-Aged

and Older Women”

During menopausal transition and postmenopausal periods, women are affected by a variety

of symptoms, such as hot flashes, night sweats, vaginal dryness, depression, anxiety, and insomnia.

Non-specific somatic symptoms are also common, including muscle and joint pain, tiredness, and

dizziness. Some of these effects (particularly vasomotor symptoms and vaginal atrophy) are closely

associated with estrogen deficiency, but the exact mechanisms underlying the other symptoms are

not fully understood.

Postmenopausal women are also at increased risk of cardiovascular morbidity as a net effect

of central obesity, dyslipidemia, hypertension, and diabetes, as well as for osteoporosis, cognitive

decline, and genitourinary syndrome of menopause.

Hormone replacement therapy (HRT) has played a central role in improving menopausal

symptoms and reducing the disease risks associated with estrogen deficiency. However, due to

growing concern for the side effects of HRT, especially in patients with hormone-sensitive cancer

such as breast and uterus cancer, research has turned to the effects of nutraceutical approaches to

these symptoms and diseases.

In this book, a variety of topics on foods, nutrients, and dietary supplements are featured,

especially those that have been proved to be beneficial for the health of middle-aged and older

women, including coffee, green tea, the diet of Middle-Eastern Europe, Kudzu flower–Mandarin

peel, vitamin B6, chlorogenic acids, proanthocyanidins, Red Clover extracts, flavonoids, amino acids,

isoflavone, etc.

I hope this book will be of help for the readers who tries to support middle-aged and older

women to achieve maximum health with non-pharmacological intervention.

Masakazu Terauchi

Editor
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Abstract: This study aimed to investigate the links between coffee (CF)/green tea (GT) consumption
and body composition/cardiovascular parameters in middle-aged Japanese women. We conducted a
cross-sectional study of 232 Japanese women aged 40–65 years who had been referred to the menopause
clinic of Tokyo Medical and Dental University Hospital between November 2007 and August 2017.
Body composition, cardiovascular parameters, and CF/GT consumption frequency were evaluated
on their initial visits, using a body composition analyzer, vascular screening system, and brief-type
self-administered diet history questionnaire, respectively. We investigated the associations between
variables using multivariate logistic regression. After adjustment for age, menopausal status, and other
factors, daily CF consumption was inversely associated with high body mass index (BMI) (adjusted
odds ratio, 0.14; 95% confidence interval, 0.14–0.96) and body fat percentage (BF%) (0.33; 0.14–0.82),
and daily GT consumption with high BF% (0.36; 0.14–0.96). Daily CF + GT consumption was also
inversely associated with high BMI (0.15; 0.05–0.50) and BF% (0.30; 0.12–0.74). In pre- and perimenopausal
women, daily CF +GT consumption was inversely associated with high cardio-ankle vascular index
(CAVI) (0.05; 0.003–0.743). In conclusion, daily CF/GT consumption was inversely associated with
high BMI, BF%, and CAVI in middle-aged Japanese women.

Keywords: menopause; atheromatous arteriosclerosis; metabolic syndrome; obesity; caffeine; polyphenol

1. Introduction

In the menopausal transition (perimenopausal) and postmenopausal periods, a reduction in
estrogen levels not only causes various symptoms such as hot flashes, night sweats, vaginal dryness,
depression, anxiety, and insomnia, but also changes fat distribution from subcutaneous to visceral
adiposity, which is one of the major risk factors of atheromatous arteriosclerosis. Atherosclerosis is a
chronic inflammatory disease [1]. It is the main pathophysiological cause of cardiovascular diseases
(CVDs), which are the biggest causes of death worldwide. According to the World Health Organization
(WHO), 17.9 million people died of CVDs in 2016 [2]. Considering that the prevalence of CVDs steeply
increases after menopause [3–6], it is important to lower the risk of atheromatous arteriosclerosis in
middle-aged women.

Nutrients 2020, 12, 1370; doi:10.3390/nu12051370 www.mdpi.com/journal/nutrients
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Healthy lifestyles, including a well-balanced diet, physical activity, quitting smoking, and alcohol
moderation, are well-known preventive measures of atherosclerosis. It has also been reported that
beverages such as coffee (CF) and green tea (GT) are effective in lowering cardiovascular risks. A couple
of human trials have revealed the anti-obesity effects of CF and GT extracts [7,8]. CF and GT consumption
is also associated with a lower risk of stroke [9]. Furthermore, a pilot study reported that CF extract
improves arterial stiffness in healthy Japanese men [10], and a meta-analysis showed that GT intake
improves cardiovascular risk markers, including systolic blood pressure [11]. However, the effects of
CF and GT intakes in middle-aged women, who are threatened by increasing cardiovascular risks,
have yet to be elucidated. Cardio-ankle vascular index (CAVI) is one of the noninvasive measures used
as an index of atherosclerosis. CAVI is superior to other measures in that we could also measure other
cardiovascular parameters at the same time, and it could well represent the arterial stiffness from the
origin of aorta to ankle [12–14]. The present study aimed to investigate the associations between CF/GT
consumption and body composition/cardiovascular parameters, including CAVI, in middle-aged
Japanese women.

2. Materials and Methods

2.1. Study Population

In this cross-sectional study, we analyzed the first-visit records of 232 Japanese women who were
enrolled in the Systematic Health and Nutrition Education Program at the menopause clinic of Tokyo
Medical and Dental University Hospital, Japan, from November 2007 to August 2017. All women
who enrolled in this program had attended our clinic to treat menopausal symptoms. The collected
data included age, menopausal status, body composition parameters, cardiovascular parameters,
lifestyle factors, and detailed dietary habits. These data were collected by physicians and nutritionists
on their initial visits. The inclusion criteria were those aged between 40 and 65 years, reported
their menopausal status, and completed the brief-type self-administered diet history questionnaire
(BDHQ). The exclusion criteria were those who had been treated with menopausal hormone therapy,
antihyperlipidemic drugs, and antidiabetic agents, whose body mass index (BMI) was <16 kg/m2 or
>35 kg/m2, and who answered in the BDHQ that they drank black tea ≥ 1 cup/day.

The research protocol was reviewed and approved by the Tokyo Medical and Dental University
Review Board (approval number: 774), and written informed consent was obtained from all participants.
The study was conducted in accordance with the Declaration of Helsinki.

2.2. Measurements

2.2.1. Menopausal Status

Participants were classified as premenopausal if they had regular menstrual cycles; perimenopausal
if they had a menstrual period within the past 12 months but had missed periods or had an irregular
cycle in the past 3 months; and postmenopausal if they had no menstruation in the past 12 months.

2.2.2. Physical Assessments and Cardiovascular Parameters

Body composition parameters, including height, weight, BMI, fat mass, muscle mass, and lean body
mass, were measured using a body composition analyzer (MC190-EM; Tanita, Tokyo, Japan). Resting
energy expenditure was calculated based on respiratory volume using a portable indirect calorimeter
(Metavine-N VMB-005 N; Vine, Tokyo, Japan). Additionally, cardiovascular parameters, including
systolic and diastolic blood pressure, heart rate, cardio-ankle vascular index (CAVI), and ankle-brachial
pressure index (ABI), were assessed using a vascular screening system (VS-1000; Fukuda Denshi, Tokyo,
Japan). Plasma blood sugar level was also measured. Blood examination was conducted in accordance
with the guidelines on internal and external quality control defined by the Japanese Ministry of Health,
Labor, and Welfare.
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2.2.3. Lifestyle Characteristics

Participants underwent a medical interview for lifestyle factors, which included the frequency of
alcohol consumption (never, sometimes, every day), smoking (no, yes), and regular exercise habits
(none, <3 times/week, ≥3 times/week).

2.2.4. Dietary Habits

Dietary habits were assessed using the BDHQ. The BDHQ asked about the consumption frequencies
of selected food and beverage items commonly consumed in Japan. Based on the participants’ responses
to the questionnaire, an ad-hoc computer algorithm estimated the amounts of 96 nutrients consumed
during the previous month. The choices for the frequencies of CF and GT consumption were as follows:
0, <1, 1, 2–3, or 4–6 times/week, or 1, 2–3, or ≥4 cups/day. Energy intake was calculated based on the
responses to the BDHQ.

2.3. Factors Associated with Body Composition/Cardiovascular Parameters

We dichotomized CF and GT consumption as low (<1 cup/day) and high (≥1 cup/day), and the
women were divided into four groups according to their consumption frequency; (i) control group,
who consumed < 1 cup/day of both CF and GT; (ii) CF group, who consumed ≥ 1 cup/day of CF alone;
(iii) GT group, who consumed ≥ 1 cup/day of GT alone; and (iv) CF + GT group, who consumed
≥ 1 cup/day of both CF and GT. To determine the background factors which could be confounding,
women in these four groups were compared for background factors, including age, menopausal status,
height, basal metabolism, energy intake, and lifestyle characteristics. The factors that significantly
differed (p < 0.05) among the groups were selected as explanatory variables for a multivariate logistic
regression analysis.

2.4. Statistical Analysis

The required total sample size was estimated at 233, as calculated from the number of predictive
variables, events per variable, and event incidence rate of 7, 10, and 0.30, respectively. First, to determine
which parameters were associated with CF and GT consumption, we compared body composition and
cardiovascular parameters among four groups. Next, we conducted a multivariate logistic regression
analysis to find out whether CF/GT consumption was independently associated with the selected body
composition/cardiovascular parameters. We examined the association, adjusting for the extracted
background factors. When CF/GT consumption frequency retained a significant association (p < 0.05)
with the selected body composition/cardiovascular parameters in the final multivariate model, we
considered that CF/GT consumption was associated with the selected body composition/cardiovascular
parameters in Japanese middle-aged women. Statistical analysis, including a one-way analysis of
variance (ANOVA) with Tukey’s multiple comparison test and a chi-squared test, was performed with
GraphPad Prism version 5.02 (GraphPad Software, San Diego, CA, USA). The multivariate logistic
regression analysis was performed with JMP version 14 (SAS Institute Inc., Cary, NC, USA). A p-value
of <0.05 was considered statistically significant.

3. Results

The average age of the participants was 51.6 ± 5.0 years (mean ± standard deviation). The number
of women who were classified into the control, CF, GT, and CF + GT groups was 39 (16.8%), 47 (20.3%),
76 (32.8%), and 70 (30.2%), respectively.

We first compared body composition, cardiovascular parameters, and background characteristics
among the four groups using a one-way ANOVA with Tukey’s multiple comparison test and a
chi-squared test. The body composition and cardiovascular parameters that statistically differed
(p < 0.05) at the univariate level among the four groups were height (cm), body weight (kg), BMI
(kg/m2), body fat (%), and fat mass (kg) (Table 1).

3
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Table 1. Comparison of background characteristics and daily consumption of coffee (CF) and green
tea (GT).

Control
(n = 39)

CF
(n = 76)

GT
(n = 47)

CF + GT
(n = 70)

p-Value

Age and menopausal status
Age (years), mean (SD) 51.2 (6.1) 50.4 (3.8) 52.0 (5.2) 52.8 (5.3) 0.027 a

Menopausal status
Premenopause 11 (28.2) 31 (40.8) 7 (14.9) 17 (24.3)
Perimenopause 8 (20.5) 20 (26.3) 6 (12.8) 11 (15.7)
Postmenopause 20 (51.3) 25 (32.9) 34 (72.3) 42 (60.0) 0.002 b

Body composition, mean (SD)
Height (cm) 157.8 (6.9) 158.7 (5.1) 155.5 (6.4) 157.6 (4.9) 0.028 a

Body weight (kg) 57.4 (12.7) 53.9 (8.1) 52.4 (9.6) 52.1 (7.1) 0.022 a

Body mass index (kg/m2) 23.0 (4.4) 21.4 (3.2) 21.6 (3.5) 21.0 (2.7) 0.027 a

Body fat (%) 30.5 (8.5) 26.8 (7.0) 27.2 (7.5) 25.8 (6.6) 0.014 a

Fat mass (kg) 18.5 (8.9) 14.9 (6.2) 14.8 (6.7) 13.8 (5.1) 0.005 a

Muscle mass (kg) 36.7 (4.2) 36.7 (2.8) 35.4 (3.7) 36.1 (2.9) 0.140 a

Lean body mass (kg) 38.9 (4.5) 39.0 (3.1) 37.6 (4.0) 38.3 (3.2) 0.140 a

Cardiovascular parameters, mean (SD)
Systolic blood pressure (mmHg) 131 (21) 126 (18) 126 (20) 125 (16) 0.371 a

Diastolic blood pressure (mmHg) 83 (14) 80 (11) 81 (13) 80 (11) 0.575 a

Pulse rate (beats/minute) 66 (16) 64 (11) 64 (11) 64 (11) 0.822 a

Blood sugar level (mg/dL) 98 (23) 96 (8) 100 (14) 95 (8.4) 0.319 a

Cardio-ankle vascular index 7.78 (0.84) 7.45 (0.70) 7.54 (0.65) 7.50 (0.71) 0.178 a

Ankle-brachial pressure index 1.11 (0.06) 1.11 (0.06) 1.12 (0.07) 1.10 (0.05) 0.475 a

Basal metabolism, mean (SD)
Resting energy expenditure (kcal/day) 1669 (527) 1628 (385) 1618 (419) 1512 (393) 0.220 a

Dietary intake, mean (SD)
Energy intake (kcal/day) 1490 (532) 1638 (394) 1735 (544) 1786 (468) 0.013 a

Lifestyle characteristics, number (%)
Smoking habit

Yes 2 (5.1) 10 (13.2) 0 (0) 4 (5.7)
No 37 (94.9) 66 (86.8) 47 (100) 66 (94.3) 0.037 b

Frequency of alcohol consumption
Every day 3 (7.7) 13 (17.1) 7 (14.9) 2 (2.9)
Sometimes 14 (35.9) 28 (36.8) 8 (17.0) 21 (30.0)
Nondrinker 22 (56.4) 35 (46.1) 32 (68.1) 47 (67.1) 0.015 b

Regular exercise habit
≥3 times/week 1 (2.6) 8 (10.5) 6 (12.8) 5 (7.1)
1–2 times/week 18 (46.2) 13 (17.1) 12 (25.5) 18 (25.7)

None 20 (51.3) 55 (72.4) 29 (61.7) 47 (67.1) 0.039 b

a One-way analysis of variance. b Chi-squared test. CF, coffee; GT, green tea; SD, standard deviation.

Of these parameters, body weight, BMI, body fat percentage (BF%), and fat mass showed a
similar decreasing tendency in the order of control > CF, GT > CF + GT. Considering that body
weight and fat mass were dependent on height, we decided to limit further analysis of the associations
between BMI/BF% and daily CF/GT consumption. Regarding background characteristics related
to BMI and BF%, we selected age, menopausal status, energy intake, smoking habit, frequency of
alcohol consumption, and regular exercise habit, which statistically differed among the four groups
(p < 0.05, Table 1). We performed multivariate logistic regression analysis to determine the independent
relationships between daily CF/GT consumption and high BMI (≥25 kg/m2)/high BF% (≥30%).

After adjustment for age and menopausal status (Model 2), and also for selected background
characteristics (Model 3), both CF consumption and CF + GT consumption of > 1 cup/day exhibited a
significant inverse relationship with high BMI (CF: adjusted odds ratio (OR], 0.14; 95% confidence
interval (CI], 0.05–0.46; p < 0.01; and CF + GT: OR, 0.15; 95% CI, 0.05–0.50; p < 0.01), while the
consumption of all three, CF, GT, and CF + GT, was inversely associated with high BF% (CF: OR, 0.33;
95% CI, 0.14–0.82; p < 0.05; GT: OR, 0.36; 95% CI, 0.14–0.96; p < 0.05; and CF + GT: OR, 0.30; 95% CI,
0.12–0.74; p < 0.01) (Table 2).
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Table 2. Multivariate analysis of the associations of daily coffee (CF) and green tea (GT) consumption
with high body mass index (BMI) and body fat percentage (BF%).

Model Group
BMI ≥ 25 BF% ≥ 30

OR 95% CI p-Value OR 95% CI p-Value

Model 1
CF 0.26 0.10–0.72 <0.01 0.42 0.19–0.93 <0.05
GT 0.53 0.20–1.44 0.2 0.49 0.20–1.15 0.1

CF + GT 0.21 0.07–0.62 <0.01 0.34 0.15–0.78 <0.05

Model 2
CF 0.25 0.09–0.69 <0.01 0.43 0.19–0.95 <0.05
GT 0.57 0.21–1.56 0.3 0.46 0.19–1.12 0.09

CF + GT 0.21 0.07–0.64 <0.01 0.35 0.15–0.80 <0.05

Model 3
CF 0.14 0.05–0.46 <0.01 0.33 0.14–0.82 <0.05
GT 0.38 0.12–1.18 0.09 0.36 0.14–0.96 <0.05

CF + GT 0.15 0.05–0.50 <0.01 0.30 0.12–0.74 <0.01

BMI, body mass index; BF%, body fat percentage; CI, confidence interval; OR, odds ratio CF, coffee; GT, green tea.

We also conducted subgroup analyses of the associations between CF/GT consumption and body
composition/cardiovascular parameters in pre-/perimenopausal and postmenopausal women in the
same manner. At the univariate level, a significant difference was not observed with regard to body
composition. As for cardiovascular parameters, CAVI significantly differed among the four groups in
pre-/perimenopausal women and exhibited a decreasing trend. Using CAVI = 8.0 as the cutoff value,
we performed multivariate logistic regression analysis to investigate the relationship between daily
CF/GT consumption and high CAVI (≥8.0). After adjustment for age (Model 2), and also for selected
background characteristics (Model 3), daily CF + GT consumption was inversely associated with high
CAVI (OR, 0.05; 95% CI, 0.003–0.743; p < 0.05) (Table 3).

Table 3. Multivariate analysis of the associations of daily coffee (CF) and green tea (GT) consumption
with high cardio-ankle vascular index (CAVI) in pre-/perimenopausal women.

Model Group
CAVI ≥ 8.0

OR 95% CI p-Value

Model 1
CF 0.47 0.12–1.94 0.3
GT 0.23 0.02–2.39 0.2

CF + GT 0.21 0.03–1.33 0.1

Model 2
CF 0.38 0.08–1.91 0.2
GT 0.13 0.01–1.66 0.1

CF + GT 0.12 0.02–1.00 <0.05

Model 3
CF 0.37 0.05–2.53 0.3
GT 0.11 0.01–2.27 0.2

CF + GT 0.05 0.003–0.743 <0.05

CAVI, cardio-ankle vascular index; CI, confidence interval; OR, odds ratio; CF, coffee; GT, green tea.

4. Discussion

In this cross-sectional analysis of 232 middle-aged Japanese women who attended our menopause
clinic, the daily intake of CF/GT was shown to be inversely associated with high BMI and BF%.
Moreover, in pre- and perimenopausal women, the daily intake of both CF and GT was inversely
associated with high CAVI.

CF comprises many components with pharmacologic effects, such as caffeine and chlorogenic acid
(CGA). CGA is one of the polyphenols that are abundant in green CF beans and is considered to be
the most active compound [15–17]. Some studies showed that CGA has the effect of suppressing the
accumulation of body fat. A randomized, double-blind trial showed that the daily consumption of CF
rich in CGA for 12 weeks by overweight Japanese adults lowered the visceral fat area, total abdominal
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fat area, BMI, and waist circumference [7]. It was also reported that coffee reduced the accumulation
of lipids during adipocytic differentiation of 3T3-L1 preadipocytes and inhibited the expression of
peroxisome proliferator-activated receptor γ, which controls the differentiation of adipocytes [18].
Another underlying mechanism was suggested in human trials. These trials reported that CGA
consumption increased postprandial energy expenditure and fat utilization in healthy humans [19,20].
It is plausible that CF ingredients may promote fat oxidation and suppress fat differentiation in humans.

In addition, CGA also has anti-atherosclerotic properties [21]. A single-blind, randomized,
placebo-controlled, crossover trial showed that a single intake of CF with a high content of CGA and
a low content of hydroxyhydroquinone, which oxidizes CGA and reduces its function, improved
postprandial endothelial dysfunction by decreasing oxidative stress [22]. A recent meta-analysis of
randomized clinical trials reported the antihypertensive effect of CGA [23]. Moreover, a randomized
controlled trial showed that coffee rich in caffeoylquinic acid, one of the CGAs, improved the levels
of plasma total cholesterol, triglycerides, and low-density lipoprotein cholesterol [24]. These results
indicate that CGA could be effective in preventing atherosclerosis.

GT also contains several green tea catechins (GTCs), such as epicatechin, epicatechin gallate,
epigallocatechin, and epigallocatechin gallate (EGCG), as well as their thermal isomers, such as
catechin, catechin gallate, gallocatechin, and gallocatechin gallate [25]. Of these catechins, EGCG is the
most abundant in GT infusions and is considered to be the most active compound [25,26]. A pooled
analysis of six human trials demonstrated that the consumption of beverages containing GTCs,
mainly EGCG, for 12 weeks significantly reduced the total fat area, visceral fat area, BMI, and waist
circumference [27]. A cell-based experiment partly revealed the mechanism with which EGCG inhibits
3T3-L1 preadipocyte differentiation, activates AMPK, and decreases fat accumulation [28]. GTCs could
also have protective effects on endothelial cells as other antioxidants do, by inhibiting the adhesion of
monocytes [29,30]. In another cell-based study, EGCG was shown to suppress the mRNA expression
of monocyte chemotactic protein-1, which accelerates the progress of atherosclerosis by promoting the
adhesion of monocytes [31]. These findings indicate that GT may be a potential therapeutic agent for
the prevention of atherosclerosis.

In this study, the combined intake of CF and GT was inversely associated with high CAVI in
pre- and perimenopausal women; however, the intake of CF or GT alone did not show any inverse
relationship. These results suggest the additive effect of CF and GT in lowering CAVI. A large cohort
study in Japan showed that the consumption of ≥4 cups/day of GT and a combined intake of ≥1 cup/day
of CF and ≥2 cups/day of GT contributed to a risk reduction in CVD and stroke [11]. Considering
that a cup of GT contains about 112 mg EGCG and a cup of CF contains about 160 mg CGA [32], it is
possible that a daily intake of 400 mg of polyphenols is effective in preventing CVD. Although the
mechanism underlying the combined effect remains unclear, the different antioxidants in CF and GT
may additively strengthen the beneficial effects on body composition and cardiovascular parameters.
In another population-based prospective study in Japan, the researchers found that dietary polyphenol
intake is inversely associated with CVD [33]. To corroborate the association between polyphenols and
CVD risk, more comprehensive studies are warranted.

In this study, the daily intake of CF/GT was not inversely associated with high CAVI in postmenopausal
women. After menopause, a reduction in estrogen levels causes rapid endothelial dysfunction, which
could not be overcome by the moderate effects of CF and GT on vascular endothelial function.

This study has several limitations. First, the study population was relatively small and consisted
only of middle-aged Japanese women who attended our menopause clinic. Therefore, generalizing our
results to a wider population is difficult. Second, we did not consider polyphenols from foods other than
CF and GT in this study. Finally, the cross-sectional design of this study prevented the determination
of a causal relationship between the daily intake of CF/GT and lower BMI, BF%, and CAVI.

Nevertheless, this study has several strengths. Background factors associated with body
composition and cardiovascular parameters were well investigated, including energy intake and
expenditure, and lifestyles. To corroborate the observed association between the daily intake of CF/GT
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and body composition, we recommend prospective studies that enroll a higher number of obese and
hypertensive women and evaluate both daily intake and serum levels of the polyphenols.

5. Conclusions

This study revealed that daily CF and GT consumption was inversely associated with high BMI
and BF% in middle-aged Japanese women. In pre- and perimenopausal women, the daily consumption
of both CF and GT was inversely associated with high CAVI. These results suggest that the consumption
of CF and GT could help women to keep fit and prevent atherosclerosis.
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Abstract: Introduction: The diet of Poles became similar to the western style of nutrition. It is rich in
saturated fats, it contains significant quantities of salt, and has very low fruit and vegetable content.
On the other hand, introducing an incorrectly planned diet that eliminates animal products may
be associated with the risk of deficiencies of certain vitamins and minerals. Taking into account
the regular diet of Poles, a properly balanced vegetarian menu may be a better and safer choice
for the proper functioning of the organism. Aim: The analysis of the content of individual types
of vegetarian diets and a comparison with the menus of the regular diet of the Polish population.
Materials and methods: 70 menus were subjected to a quantitative analysis, 10 menus for each 7 type
of diet eliminating products of animal origin and regular diets without elimination. The caloricity of
the designed diets was ±2000 kcal. The quantitative evaluation of the menus was performed using the
Dieta 6d dietary program. Statistical significance was established at p ≤ 0.05. Results: It was observed
that the regular diet of Poles (RD) featured the highest content of total fats, as well as saturated acids
and cholesterol. The VEGAN diet was characterized by the lowest total protein content and the lack
of wholesome protein and cholesterol. RD was characterized by the lowest average content of dietary
fiber. The highest content of saccharose was observed in RD. Sodium content in RD significantly
exceeded the recommended daily norm. RD featured insufficient content of the following minerals
and vitamins: potassium, calcium, magnesium, iodine, Vitamin E, Vitamin C, folates, and Vitamin D.
The norm for calcium has not been fulfilled also in milk-free and vegan diets. All of the analyzed diets
lacked proper amounts of iodine and Vitamin D. The highest content of polyunsaturated fatty acids
was observed in the VEGAN diet. The periodic elimination of meat and fatty dairy products should
be included in the treatment of the metabolic syndrome, hypertensions, hyperlipidemia, obesity,
and type 2 diabetes. Conclusions: The regular diet of Poles turned out to be more dangerous for
health in terms of deficiencies than properly balanced diets eliminating products of animal origin.

Keywords: vegetarian diets; vegetarianism; vitamins; minerals; nutritional habits of Poles

1. Introduction

Humans are anatomically and physiologically fit to consume products both of plant and animal
origin [1]. However, the current trends associated with mass production often result in people resigning
from the consumption of meat and other products of animal origin. Other reasons for the elimination
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of such products from the diet include religious beliefs, views relating to health and ecology, as well
as the economic situation [2]. Every type of diet that eliminates animal products should fulfill the
need of an individual for nutrients, and in the case of their deficiencies, it is important to include
supplementation. Properly balanced diets eliminating products of animal origin are not a threat to
health. However, during the period of growth, pregnancy, or lactation, and in sportsmen, significant
nutritional restrictions in the form of veganism may entail the risk of numerous nutritional deficiencies
and illnesses (having in mind incorrectly planned diets). Despite the growing interest of people
in vegetarian diets, the average consumption of meat in developed countries is still at a level that
is too high, especially among men [3]. The current information on public health recommend the
consumption of up to three portions of red meat (350g–500g per week), whereas processed meat
products should be avoided or limited as much as possible [4]. Women more often become vegetarians
than men [3]. Lower body mass index (BMI), cholesterol concentration, and blood pressure were
observed in vegetarians, having a cardioprotective effect [5]. The risk of death caused by ischemic
heart disease is 24% lower in vegetarians than in people who regularly consume meat. The conducted
studies suggest that the vegetarian diet—eliminating red meat and poultry—and the lacto-vegetarian
diet decrease the level of total cholesterol and low-density lipoprotein (LDL) cholesterol by about
10–15%, whereas the vegan diet—by about 15–25% [6]. Frequently occurring caloric restrictions in the
use of vegetarian diets have an effect on life extension and protection against cancer [7]. Likewise,
eliminating fried, smoked, or grilled foods, red meat, aflatoxin-contaminated foods, preserved salty
meals, and alcohol [8]. Moreover, cancer risk is also reduced by introducing a diet rich in plant foods
(e.g., vegetables, beans, fruit, and whole grains) and by reducing consumption of animal fat, meat,
and fatty dairy products [9].

Vegetables and fruits are an important source of a wide range of bioactive ingredients and
compounds, including antioxidants, vitamins (folic acid, carotenoids), glucosinolates, indoles,
isothiocyanates, protease inhibitors, lycopene, phenolic compounds, and flavonoids that exhibit
anti-cancer properties [10,11].

Studies conducted by the Homo Homini Opinion Institute in 2013 showed that the number
of vegetarians in Poland is over a million, including 1.6% of lacto-vegetarians and 1.6% of vegans.
A Centre for Public Opinion Research (CBOS) survey indicated that 26% of Poles followed some form
of an elimination diet in 2014. The excluded products featured meat (11%), milk (9%), milk products
(8%), fish (4%), and chicken eggs (4%) [12].

The aim of our study was to track the changes associated with the quantity of individual
ingredients, including nutrients, fatty acids, amino acids, vitamins, and minerals. To achieve this,
it was determined that all of the analyzed diets would include the same caloricity in accordance with
the daily need of 2000 kcal.

2. Types of Diets Eliminating Products of Animal Origin, Which Were Analyzed in This Study

2.1. Semi-Vegetarian Diet

The elimination of red meat decreases the frequency of occurrence of type 2 diabetes and
regulates carbohydrate metabolism [13,14]. Moreover, the risk of large intestine, breast, and prostate
cancers was much higher in omnivores than in vegetarians [5]. Vegetarian diets are associated with
increased consumption of vegetables and fruit rich in phytochemicals, dietary fiber, and antioxidants.
These substances have a positive influence on health, e.g., they protect the organism against free
radicals, simultaneously preventing the formation of neoplasms. Plant diets are also characterized by
low concentrations of saturated fatty acids (SFA) and by high concentrations of polyunsaturated fatty
acids (PUFA), having a positive influence on the lipid profile [15]. Soy often replaces meat in plant
diets as it is a rich source of proteins and phytoestrogens, particularly isoflavones, which may play a
protective role in reference to the development of breast cancer [16].
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2.2. Lacto-Ovo-Vegetarian Diet

The lacto-ovo-vegetarian diet (LOV) is a type of vegetarianism that eliminates meat, meat products,
and fish, but allows for the consumption of eggs and dairy products. People following this type of diet
avoid products that simultaneously fulfill two criteria—“when this animal was alive, it had eyes and
mommy”. Eggs in the diet are a necessary source of fatty acids, wholesome protein, choline, selenium,
Vitamin A and B12 [17]. One of the constituents of yolk is cholesterol, which for many years has been
considered the cause of increased risk of cardiovascular diseases (CVD). Therefore, it is recommended
for omnivores to consume no more than 3 yolks per week. The most recent studies indicate that the
presence of higher numbers of eggs in the weekly menu (more than 3) is not dangerous to health if
other sources of cholesterol are reduced. Yolk is a valuable source of fatty acids, lecithin, choline,
xanthophylls, immunoglobulin, and vitamins. Differences in the quantitative content of eggs may occur
in the case of a different method of nutrition of hens, and as a result of special fodder additives [18].

2.3. Vegan Diet

The most restrictive type of vegetarianism is veganism, which eliminates all products of animal
origin. Food products present in vegan menus include: cereal, fruit, vegetables, nuts, mushrooms,
legumes, oils, and plant drinks. People choose the vegan diet mainly due to ethics (protection of
animal rights), religious beliefs, and personal health. However, when applied for a longer period of
time, this type of nutrition without proper balancing and supplementation results in negative health
consequences. The main risk is the deficiency of vitamins and certain minerals that are necessary for
the proper functioning of the human body [5]. It has been demonstrated that incorrectly balanced
vegan diet may be the cause of the development of numerous neurological disorders, such as fear,
depression, brainstorm, neuropathy, chronic tiredness, and insomnia [19]. Vegans also suffer from
low concentrations and deficiencies of Vitamin B12, resulting from the exclusion of all products of
animal origin, which are their only natural source [20]. B12 deficiencies may lead to megaloblastic
anemia or demyelinating disease [21]. The vegan diet is characterized by high folate content, positively
influencing the correct functioning of hematopoietic and nervous systems [15]. One of the factors
that influences the development of CVD and neoplasms is obesity. It has been proven that vegans
have lower average BMI than omnivores and other vegetarians, which decreases the risk of heart
diseases and mortality resulting from ischemic heart disease [22]. The main sources of proteins in
vegans include legumes, which include fiber and phytochemicals that help control glycemia, reducing
the risk of developing type 2 diabetes [23].

2.4. Milk-Free Diet

The dairy-free or lactose-free diet is most often applied due to cow milk protein allergy (CMPA),
lactose intolerance, lack of availability, and the increasingly popular trend. Products that are eliminated
in the menu include milk and dairy products (cheese, yoghurt, cottage cheese, milk kefir, cream,
buttermilk). Study results show that only 25% of the world’s population can breakdown lactose both in
childhood and as adults. In most infants, the activity of intestinal lactase is the strongest in the perinatal
period. However, after 2 years (from 2 to 12 years of age), two different groups appear, i.e., people
with low and people with high lactase activity. Another case includes people that have the lactose
breakdown ability throughout their entire life [24]. There are people that experience lactose intolerance,
which is why after the consumption of milk and milk products they suffer from annoying symptoms
referring to the gastrointestinal tract, as well as systemic symptoms. Colon microflora ferments the
undigested lactose in the gut, leading to the creation of short-chain fatty acids (SCFA), hydrogen,
carbon dioxide, and methane. Lactose intolerance symptoms can be untypical, e.g., headaches and
dizziness, mouth sores, sore throat caused by the increase in the size of lymph nodes and muscles [25].

Dairy products play a key role in human diet as they are a rich source of vitamins and minerals,
especially riboflavin, calcium, and wholesome protein [26,27]. However, dairy is characterized by
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low content of iron and folic acid [28]. It is recommended to consume lean dairy products due to the
reduced content of saturated fatty acids (SFA), which are responsible for the increase of LDL cholesterol,
and the increased risk of CVD. It has also been observed that the milk-free diet is helpful in the
treatment of intestinal inflammations or acne inversa, which is associated with insulin metabolism [29].

2.5. Fish-Free Diet

Another type of the studied diet is one that eliminates fish. The consumption of fish and seafood
has a positive influence on health—a fact that is supported by numerous studies. The main advantage
of fish is the content of omega-3 fatty acids, Vitamin D and minerals, including iodine [30]. Some of the
most important elements of the diet are fatty sea fish, i.e., salmon, herring, mackerel—the ones that are
the richest in eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) fatty acids. They influence
such factors as the proper functioning of the circulatory system, and they are important for the proper
development of the fetus, including the function of its neurons and retina, as well as for the immunity
of the entire organism. EPA and DHA fatty acids are also associated with promising results in terms
of the prevention and management of body mass and cognitive functions in people with very mild
Alzheimer’s disease, a better prognosis after ischemic stroke in the treatment of illnesses with an
inflammatory basis [31]. Vitamin D3 is naturally present in many products, but its richest sources
include some fatty fish, oil extracted from fish liver, and caviar.

Numerous studies conducted in recent years have demonstrated that the increasing pollution of
the environment has an influence on fish and shellfish. The increase in toxic substances originating
from farms and the presence of heavy metals in the environment of water animals negatively influence
human health via the food chain [32]. Fish feature increased concentrations of metals, such as
arsenic, cadmium, chromium, mercury, and iron, which makes people avoid their consumption [33].
Other reasons for the limitation of the consumption of fish include fish and shellfish protein allergies,
the specific smell which is unacceptable by some people, as well as high price, particularly of wild fish.

2.6. Regular Diet of Poles

In most cases, the regular diet of Poles (RD) includes all types of animal products, including red
meat, white meat, eggs, milk, dairy, and—occasionally—fish. Recent studies have shown that the diet
of Poles features excessive total fat content, including SFA and cholesterol. Insufficient consumption
of PUFA and dietary fiber has also been observed [34]. Excessive amounts of salt and saccharose are
frequently observed. All of these factors may be the cause of the increased risk of CVD the metabolic
syndrome progressing together with diabetes and fatty liver. Other studies indicated that the menus of
Poles are deficient in terms of folates, Vitamin D, thiamin, and niacin, and when it comes to minerals,
they lack the proper concentrations of calcium, potassium, magnesium and iron in the group of
women [35,36].

To conclude, our goal was to compare diets in terms of nutrient content, to determine any potential
risk to health in the case of diets properly prepared by qualified dieticians, and to establish whether
correctly balanced vegetarian diets could still pose a higher risk of nutritional deficiencies than the
regular nutritional habits of Poles.

3. Materials and Methods

The study was conducted after receiving the permission of the Bioethics Committee of the
Pomeranian Medical University (regulation no. KB-0012/116/15). The subjects gave written informed
consent, and their confidentiality and anonymity were protected. The study population consisted of
30 people, including 18 men and 12 women. From this group, menus for the RD diet were selected
from 10 people (equal number of sexes), corresponding to the assumed calorific value (2000 kcal).
All subjects were Caucasian, potentially healthy with an average age of 39.26 ± 7.86 for women and
40.56 ± 6.43 for men.
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3.1. Preparation of Menus

The study features the quantitative analysis of a total of 70 menus, 10 for each type of diet
eliminating products of animal origin, as well as RD without elimination. Every menu has been
prepared by qualified dieticians with the use of methods avoiding nutritional deficiencies, however,
do not include supplementation. The caloricity of the developed menus was ±2000 kcal. The total
energy from fat was 25–35%, proteins 10–17%, and carbohydrates complemented the rest of the
caloricity. The supply of ingredients with water was not included in any of the menus.

Additionally, 30 menus were collected on the basis of a 24 h interview on nutrition conducted
with adults, and the data was incorporated into a dietary program in order to evaluate caloricity and
the content of individual nutrients. Out of the menus, those that fulfilled the inclusion criteria of
±2000 kcal were chosen. Then 29 ingredients were analyzed: energy, total protein, plant protein, animal
protein, carbohydrates, dietary fiber, fat, cholesterol, omega-3 and omega-6 fatty acids, minerals: Na,
K, Ca, P, Mg, Fe, Zn, Cu, Mn; vitamins soluble in water: C, B1, B2, B3, B6, B12; folic acid, vitamins
soluble in fats: A, D, E; the participation of energy, fats and carbohydrates. The analysis also includes
the concentration of exogenous and relatively exogenous amino acids.

3.2. Quantitative Analysis

The quantitative analysis of the menus was conducted using the Dieta 6 days dietary program,
which is recommended by the National Institute of Food and Nutrition. The total caloricity of the
menus has been divided into 3 main meals (breakfast, dinner, supper) and 2 additional meals (second
breakfast and an evening meal fulfilling a complimentary role).

Types of the analyzed diets, prepared by dieticians:

- The basic diet (BD), which includes all product groups: meat, dairy, eggs, and fish;
- The modification of a vegetarian diet with fish (pescoveget-PV), which eliminates red and white

meat, but allows for the consumption of eggs, dairy and fish;
- The milk-free diet (MFD), which eliminates all dairy products;
- The vegan diet (VEGAN), which eliminates all products of animal origin: meat, eggs, dairy, fish

and honey;
- Diet that eliminates fish, seafood and shellfish (FFD);
- The lacto-ovo-vegetarian diet (LOV), which eliminates meat and fish, allowing for the consumption

of eggs and dairy;
- The regular diet (RD); data collected on the basis of a 24 h nutrition interview of 10 Polish adults,

with the selection of menus of 2000 kcal caloricity;

After creating a basic diet (BD) containing all protein sources from the diet, subsequent products
were eliminated and replaced with substitutes. They were: lean dairy products (yoghurt, mozzarella,
cottage cheese) and/or eggs and/or fish: cod, mackerel, salmon, tuna, herring, trout and/or vegetable
milk, and legumes, tofu, seeds: almonds, nuts, cocoa, sesame, poppy seed, linseed, amaranth, pumpkin,
sunflower seeds. The appropriate caloric value and the percentage of protein, fat, and carbohydrates
in the diet were respected. The diets have been planned in order to be similar to the Polish diet
with the best possible use of products available on the market that complemented possible shortages.
The average content of nutrients was compared to the updated nutritional norms for the Polish
population, developed by the National Institute of Food and Nutrition in 2017 [37]. Table 1 presents
the current norms for nutrients developed by the Institute and determined at the level of the estimated
average requirement (EAR). The table features ingredients that are present in Dieta 6d software.
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Table 1. Nutrient norms for men and women over 19 years of age, determined on the basis of the EAR.

Nutrients Women Men

Vitamin A (μg) 500 630
Vitamin D (μg) 15 15
Vitamin E (mg) 8 10
Vitamin C (mg) 60 75

Vitamin B1 (thiamin) (mg) 0.9 1.1
Vitamin B2 (riboflavin) (mg) 0.9 1.1

Vitamin B3 (niacin) (mg) 11 12
Vitamin B6 (mg) 1.1 1.1

Folates (μg) 320 320
Vitamin B12 (cobalamin) (μg) 2.0 2.0

Calcium (mg) 800 800
Phosphorus (mg) 580 580
Magnesium (mg) 255 330

Iron (mg) 8 6
Zinc (mg) 6.8 9.4

Copper (mg) 0.7 0.7
Iodine (μg) 95 95

Manganese (mg) 1.8 2.3
Sodium (mg) 1500 1500

Potassium (mg) 3500 3500

EAR, estimated average requirement.

3.3. Statistical Analysis

The statistical analysis was conducted using STATISTICA 13.3 (StatSoft, Cracow, Poland).
The average (x) and standard deviation (SD) were calculated for all individual nutrients in the
analyzed diets. Analysis of variance (ANOVA) was used to determine the differences in the content of
individual nutrients between the diets. Statistical significance was established at p≤ 0.05. In accordance
with the assumptions of the study, we observed no statistically significant differences in the caloricity
of the analyzed diet types (p ≥ 0.05).

4. Results

4.1. Analysis of the Content of Proteins and Amino Acids

Statistically significant differences were observed in terms of plant and animal protein between
MFD and the other diets (Figure 1). In the case of FFD, the content of animal protein in the menu
significantly differs from RD, VEGAN, and PV, whereas for plant protein, significant differences are
observed with reference to RD and VEGAN. The basic diet contains statistically significantly more
animal protein than LOV, VEGAN, PV, and MFD (p < 0.05), but significantly lower content of plant
protein than VEGAN and MFD. The content of plant protein in the regular diet is significantly lower
than in the case of other diets. It has also been observed that there are statistically significant differences
in the content of plant protein in the following pairs: LOV and VEGAN; VEGAN and PV (Table 2).

Table 2. The average content of proteins between the diets (g/day).

Total Protein

MFD FFD BD RD LOV VEGAN PV

x ± SD (g/day) 76.3 ± 4.13 79.2 ± 6.18 81.5 ± 4.38 77 ± 10.04 75.5 ± 5.76 66.1 ± 4.52 73.2 ± 7.94
MFD - 0.3196 0.0770 0.8023 0.7777 0.0008 0.2904
FFD 0.3196 - 0.4298 0.4550 0.2029 <0.0001 0.0426
BD 0.0770 0.4298 - 0.1270 0.0415 <0.0001 0.0057
RD 0.8023 0.4550 0.1270 - 0.5946 0.0003 0.1924

LOV 0.7777 0.2029 0.0415 0.5946 - 0.0018 0.4368
VEGAN 0.0008 <0.0001 <0.0001 0.0003 0.0018 - 0.0162

PV 0.2904 0.0426 0.0057 0.1924 0.4368 0.0162 -

x—average value; SD—standard deviation; bold—statistically significant differences (p ≤ 0.05); MFD, milk-free diet;
FFD, diet that eliminates fish, seafood and shellfish; BD, basic diet; RD, regular diet; LOV, lacto-ovo-vegetarian diet;
PV, pascoveget.
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Figure 1. The average content of total plant and animal protein in the diets.

The lowest content of all exogenous amino acids was observed in the VEGAN diet (Table 3).
Statistically significant differences were observed in the content of isoleucine, leucine, lysine,
methioninee, phenylalanine, threonine, tryptophan, and valine between VEGAN and other diets.
In terms of isoleucine, PV differed significantly from FFD and BD. MFD and BD showed a difference in
the content of isoleucine, leucine, lysine, methionine, phenylalanine, and valine. In terms of leucine,
significant differences were observed between BD and PV, and between MFD and LOV. FFD and MFD
statistically significantly differed in the quantity of leucine, lysine, phenylalanine and valine. Statistical
significance in terms of lysine content was observed for BD and RD, BD and LOV, BD and PV, FFD and
PV. In terms of methioninee—MFD and RD, BD and PV, RD and PV. For threonine—BD and LOV, RD
and LOV, PV and FFD, BD and RD. The content of tryptophan significantly differed between PV and
FFD, BD. PV and BD were different in terms of valine content (Table 4).

Table 3. The average content of exogenous amino acids in the analyzed diets (mg/day).

Amino Acid
(mg) MFD

¯
x ± SD FFD

¯
x ± SD BD

¯
x ± SD RD

¯
x ± SD LOV

¯
x ± SD VEGAN

¯
x ± SD PV

¯
x ± SD

Isoleucine 3413 ± 375 3703 ± 444 3829 ± 352 3654 ± 492 3528 ± 282 2737 ± 210 3360 ± 410
Leucine 5428 ± 536 6145 ± 621 6298 ± 553 5815 ± 843 5970 ± 533 4570 ± 407 5748 ± 662
Lysine 4180 ± 557 5008 ± 735 5317 ± 506 4710 ± 740 4518 ± 486 3121 ± 442 4397 ± 646

Methionine 1543 ± 298 1721 ± 249 1822 ± 231 1815 ± 256 1642 ± 197 940 ± 88.3 1530 ± 213
Phenyl-alanine 2962 ± 250 3602 ± 314 3649 ± 293 3520 ± 502 3558 ± 291 2686 ± 301 3421 ± 355

Threonine 2931 ± 85 3043 ± 380 3198 ± 302 2147 ± 434 2852 ± 248 2376 ± 220 2739 ± 328
Tryptophan 972 ± 118 1030 ± 118 1050 ± 107 965 ± 142 957 ± 91.3 810 ± 69 926 ± 126

Valine 4020 ± 426 4532 ± 459 4640 ± 427 4263 ± 585 4396 ± 366 3267 ± 242 4234 ± 477

x—average value; SD—standard deviation; bold—statistically significant differences (p ≤ 0.05).
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Table 4. The differences in the content of exogenous amino acids.

Isoleucine MFD FFD BD RD LOV VEGAN PV

MFD - 0.0906 0.0164 0.1585 0.4969 0.0002 0.7561
FFD 0.0906 - 0.4583 0.7714 0.3044 <0.0001 0.0465
BD 0.0164 0.4583 - 0.3033 0.0796 <0.0001 0.0072
RD 0.1585 0.7714 0.3033 - 0.4599 <0.0001 0.0869

LOV 0.4969 0.3044 0.0796 0.4599 - <0.0001 0.3234
VEGAN 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 - 0.0005

PV 0.7561 0.0465 0.0072 0.0869 0.3234 0.0005 -
LEUCINE MFD FFD BD RD LOV VEGAN PV

MFD - 0.0104 0.0021 0.1587 0.0500 0.0024 0.2434
FFD 0.0104 - 0.5744 0.2285 0.5219 <0.0001 0.1479
BD 0.0021 0.5744 - 0.0798 0.2314 <0.0001 0.0466
RD 0.1587 0.2285 0.0798 - 0.5693 <0.0001 0.8044

LOV 0.0500 0.5219 0.2314 0.5693 - <0.0001 0.4148
VEGAN 0.0024 <0.0001 <0.0001 <0.0001 <0.0001 - <0.0001

PV 0.2434 0.1479 0.0466 0.8044 0.4148 <0.0001 -
LYSINE MFD FFD BD RD LOV VEGAN PV

MFD - 0.0029 <0.0001 0.0517 0.2111 0.0002 0.4193
FFD 0.0029 - 0.2513 0.2708 0.0718 <0.0001 0.0259
BD <0.0001 0.2513 - 0.0267 0.0040 <0.0001 0.0010
RD 0.0517 0.2708 0.0267 - 0.4141 <0.0001 0.2462

LOV 0.2111 0.0718 0.0040 0.4141 - <0.0001 0.6540
VEGAN 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 - <0.0001

PV 0.4193 0.0259 0.0010 0.2462 0.6540 <0.0001 -
METHIONINE MFD FFD BD RD LOV VEGAN PV

MFD - 0.0860 0.0079 0.0097 0.3362 <0.0001 0.8967
FFD 0.0860 - 0.3222 0.3604 0.4411 <0.0001 0.0655
BD 0.0079 0.3222 - 0.9393 0.0810 <0.0001 0.0055
RD 0.0097 0.3604 0.9393 - 0.0947 <0.0001 0.0068

LOV 0.3362 0.4411 0.0810 0.0947 - <0.0001 0.2758
VEGAN <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - <0.0001

PV 0.8967 0.0655 0.0055 0.0068 0.2758 <0.0001 -
PHENYLALANINE MFD FFD BD RD LOV VEGAN PV

MFD - <0.0001 <0.0001 0.0005 0.0002 0.0729 0.0035
FFD <0.0001 - 0.7588 0.5861 0.7736 <0.0001 0.2358
BD <0.0001 0.7588 - 0.3954 0.5524 <0.0001 0.1372
RD 0.0005 0.5861 0.3954 - 0.7970 <0.0001 0.5183

LOV 0.0002 0.7736 0.5524 0.7970 - <0.0001 0.3673
VEGAN 0.0729 <0.0001 <0.0001 <0.0001 <0.0001 - <0.0001

PV 0.0035 0.2358 0.1372 0.5183 0.3673 <0.0001 -
THREONINE MFD FFD BD RD LOV VEGAN PV

MFD - 0.4410 0.0679 0.1386 0.5852 0.0003 0.1860
FFD 0.4410 - 0.2833 0.4715 0.1902 <0.0001 0.0386
BD 0.0679 0.2833 - 0.7217 0.0191 <0.0001 0.0022
RD 0.1386 0.4715 0.7217 - 0.0447 <0.0001 0.0061

LOV 0.5852 0.1902 0.0191 0.0447 - 0.0015 0.4334
VEGAN 0.0003 <0.0001 <0.0001 <0.0001 0.0015 - 0.0140

PV 0.1860 0.0386 0.0022 0.0061 0.4334 0.0140 -
TRYPTOPHAN MFD FFD BD RD LOV VEGAN PV

MFD - 0.2565 0.1301 0.8809 0.7632 0.0020 0.3587
FFD 0.2565 - 0.6988 0.1998 0.1527 <0.0001 0.0426
BD 0.1301 0.6988 - 0.0971 0.0710 <0.0001 0.0167
RD 0.8809 0.1998 0.0971 - 0.8796 0.0031 0.4417

LOV 0.7632 0.1527 0.0710 0.8796 - 0.0048 0.5362
VEGAN 0.0020 <0.0001 <0.0001 0.0031 0.0048 - 0.0245

PV 0.3587 0.0426 0.0167 0.4417 0.5362 0.0245 -
VALINE MFD FFD BD RD LOV VEGAN PV

MFD - 0.0110 0.0023 0.2188 0.0591 0.0003 0.2782
FFD 0.0110 - 0.5824 0.1733 0.4882 <0.0001 0.1321
BD 0.0023 0.5824 - 0.0581 0.2159 <0.0001 0.0418
RD 0.2188 0.1733 0.0581 - 0.4990 <0.0001 0.8825

LOV 0.0591 0.4882 0.2159 0.4990 - <0.0001 0.4105
VEGAN 0.0003 <0.0001 <0.0001 <0.0001 <0.0001 - <0.0001

PV 0.2782 0.1321 0.0418 0.8825 0.4105 <0.0001 -

x—average value; bold—statistically significant differences (p ≤ 0.05).
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4.2. Analysis of Fat Content

The highest content of total fats, saturated fats, and monounsaturated fats was observed in
the regular diet (RD). The VEGAN diet was characterized by the highest average content of PUFA
(Figure 2). Statistically significant differences were observed in terms of fat content between RD and
the other diets, between LOV and MFD, and between LOV and VEGAN (Figure 2, Table 5).

 

Figure 2. The content of saturated fatty acids (SFA), monounsaturated fatty acids (MUFA),
and polyunsaturated fatty acids (PUFA) in diets (g/day).

Table 5. The comparison of the average content of total fats, PUFA, and cholesterol between the diets
(g/day; mg/day).

Total Fats (g/day)

MFD FFD BD RD LOV VEGAN PV
x ± SD 71.7 ± 3.5 75.1 ± 3.0 74.8 ± 3.1 86.8 ± 8.6 76.9 ± 4.1 70.7 ± 7.1 75.1 ± 2.6
MFD - 0.1461 0.1723 <0.0001 0.0248 0.6478 0.1397
FFD 0.1461 - 0.9278 <0.0001 0.4108 0.0580 0.9809
BD 0.1723 0.9278 - <0.0001 0.3616 0.0705 0.9087
RD <0.0001 <0.0001 <0.0001 - <0.0001 <0.0001 <0.0001

LOV 0.0248 0.4108 0.3616 <0.0001 - 0.076 0.4245
VEGAN 0.6478 0.0580 0.0705 <0.0001 0.076 - 0.0551

PV 0.1397 0.9809 0.9087 <0.0001 0.4245 0.0551 -

Long-Chain Pufa Acids (g/day)
MFD FFD BD RD LOV VEGAN PV

x ± SD 0.601 ± 1.1 0.032 ± 0.03 0.602 ± 1.1 0.106 ± 0.16 0.052 ± 0.04 0.004 ± 0.01 0.024 ± 0.03
MFD - 0.0368 0.9977 0.0682 0.0438 0.0289 0.0344
FFD 0.0368 - 0.0365 0.7821 0.9397 0.9184 0.9772
BD 0.9977 0.0365 - 0.0678 0.0435 0.0287 0.0342
RD 0.0682 0.7821 0.0678 - 0.8407 0.7047 0.7602

LOV 0.0438 0.9397 0.0435 0.8407 - 0.8586 0.9169
VEGAN 0.0289 0.9184 0.0287 0.7047 0.8586 - 0.9411

PV 0.0344 0.9772 0.0342 0.7602 0.9169 0.9411 -

Cholesterol (mg/day)
MFD FFD BD RD LOV VEGAN PV

x ± SD 159.7 ± 98.8 202.4 ± 105.4 217.4 ± 101.3 369.9 ± 185 306.5 ± 150.9 0.1 ± 0.0 190.9 ± 95.2
MFD - 0.4215 0.2777 0.0002 0.0070 0.0036 0.5562
FFD 0.4215 - 0.7760 0.0036 0.0525 0.0003 0.8285
BD 0.2777 0.7760 - 0.0052 0.0958 <0.0001 0.6165
RD 0.0002 0.0036 0.0052 - 0.2335 <0.0001 0.0012

LOV 0.0070 0.0525 0.0958 0.2335 - <0.0001 0.0319
VEGAN 0.0036 0.0003 <0.0001 <0.0001 <0.0001 - 0.0006

PV 0.5562 0.8285 0.6165 0.0012 0.0319 0.0006 -

x—average value; SD—standard deviation; bold—statistically significant differences (p ≤ 0.05).

19



Nutrients 2020, 12, 2986

Statistically significant differences were observed in the content of long-chain PUFA between
the following diets: FFD and MFD, FFD and BD, LOV and MFD, LOV and BD, VEGAN and MFD,
VEGAN and BD, PV and MFD, and PV and BD (Table 5). The lowest content of long-chain PUFA was
observed in VEGAN (Figure 2).

The average content of cholesterol was the highest in RD and exceeded the recommended
daily intake, whereas VEGAN featured very little amounts of this constituent (Table 5). Statistically
significant differences in the content of this constituent were observed between VEGAN and all other
diets. In terms of cholesterol content, RD differed from MFD, FFD, BD, VEGAN, and PV; LOV differed
in comparison to MFD, VEGAN, and PV, whereas PV was different when compared to RD, LOV,
and VEGAN (Table 5).

4.3. Analysis of the Content of Carbohydrates

The highest content of carbohydrates (302.7 ± 22.17 g) was observed in VEGAN, the lowest
(257.9 ± 24.29 g) in the RD. RD turned out to be deficient in terms of dietary fiber while other diets
contained an average of over 35 g/day of this constituent: MFD—41 g, FFD—37 g, BD—37 g, LOV—37 g,
and PV 38 g. Statistically significant differences were observed between RD and the other diets. VEGAN
differed in terms of fiber content when compared to FFD, BD, RD, and LOV.

Statistically significant differences were observed in the content of saccharose between RD and
the other diets. RD was characterized by the highest average content of this constituent and was at the
level of 40 ± 13.73 g.

The lowest content of lactose was observed in MFD and VEGAN. No statistically significant
differences were observed in the average content of starch in the analyzed diets (Table 6).

Table 6. The comparison of the average content of carbohydrates, dietary fiber, saccharose, lactose, and
starch between the diets (g/day).

Total Carbohydrates (g/day)

MFD FFD BD RD LOV VEGAN PV

x ± SD 293.2 ± 16.54 290.6 ± 7.01 288.8 ± 7.58 257.9 ± 24.29 284.5 ± 13.19 304.7 ± 22.17 293 ± 9.04
MFD - 0.7082 0.5285 <0.0001 0.2160 0.1059 0.9780
FFD 0.7082 - 0.7974 <0.0001 0.3855 0.0480 0.7287
BD 0.5285 0.7974 - <0.0001 0.5401 0.0264 0.5466
RD <0.0001 <0.0001 <0.0001 - 0.0003 <0.0001 <0.0001

LOV 0.2160 0.3855 0.5401 0.0003 - 0.0053 0.2262
VEGAN 0.1059 0.0480 0.0264 <0.0001 0.0053 - 0.1003

PV 0.9780 0.7287 0.5466 <0.0001 0.2262 0.1003 -

Dietary Fiber (g/day)
MFD FFD BD RD LOV VEGAN PV

x ± SD 41 ± 5.04 38 ± 5.05 38 ± 4.9 17 ± 3.97 37 ± 5.66 46 ± 7.77 38 ± 4.78
MFD - 0.1621 0.1596 <0.0001 0.1147 0.0677 0.2029
FFD 0.1621 - 0.9934 <0.0001 0.8540 0.0017 0.8985
BD 0.1596 0.9934 - <0.0001 0.8606 0.0017 0.8919
RD <0.0001 <0.0001 <0.0001 - <0.0001 <0.0001 <0.0001

LOV 0.1147 0.8540 0.8606 <0.0001 - 0.0010 0.7554
VEGAN 0.0677 0.0017 0.0017 <0.0001 0.0010 - 0.0025

PV 0.2029 0.8985 0.8919 <0.0001 0.7554 0.0025 -

Saccharose (g/day)
MFD FFD BD RD LOV VEGAN PV

x ± SD 22.97 ± 7.59 24.7 ± 7.69 24.7 ± 7.74 40 ± 13.73 22.86 ± 7.92 23.59 ± 8.11 24.5 ± 7.6
MFD - 0.6637 0.6653 <0.0001 0.9780 0.8771 0.7016
FFD 0.6637 - 0.9982 0.0003 0.6438 0.7791 0.9587
BD 0.6653 0.9982 - 0.0003 0.6454 0.7808 0.9605
RD <0.0001 0.0003 0.0003 - <0.0001 0.0001 0.0002

LOV 0.9780 0.6438 0.6454 <0.0001 - 0.8554 0.6813
VEGAN 0.8771 0.7791 0.7808 0.0001 0.8554 - 0.8191

PV 0.7016 0.9587 0.9605 0.0002 0.6813 0.8191 -
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Table 6. Cont.

Total Carbohydrates (g/day)

Lactose (g/day)
MFD FFD BD RD LOV VEGAN PV

x ± SD 0.051 ± 0.088 12.4 ± 7.42 11.87 ± 7.27 4.41 ± 4.56 12.07 ± 6.72 0.049 ± 0.09 12.61 ± 7.48
MFD - <0.0001 <0.0001 0.0940 <0.0001 0.9994 <0.0001
FFD <0.0001 - 0.8368 0.0028 0.9005 <0.0001 0.9349
BD <0.0001 0.8368 - 0.0050 0.9355 <0.0001 0.7737
RD 0.0940 0.0028 0.0050 - 0.0040 0.0939 0.0022

LOV <0.0001 0.9005 0.9355 0.0040 - <0.0001 0.8363
VEGAN 0.9994 <0.0001 <0.0001 0.0939 <0.0001 - <0.0001

PV <0.0001 0.9349 0.7737 0.0022 0.8363 <0.0001 -

Starch (g/day)
MFD FFD BD RD LOV VEGAN PV

x ± SD 157.7 ± 27.8 147.8 ± 31.3 147.0 ± 29.3 166.9 ± 17.4 145.6 ± 30.3 161.3 ± 20.3 149.6 ± 33.3
MFD - 0.4250 0.3896 0.4573 0.3329 0.7714 0.5149
FFD 0.4250 - 0.9496 0.1259 0.8633 0.2778 0.8828
BD 0.3896 0.9496 - 0.1115 0.9132 0.2512 0.8333
RD 0.4573 0.1259 0.1115 - 0.0897 0.6499 0.1656

LOV 0.3329 0.8633 0.9132 0.0897 - 0.2096 0.7494
VEGAN 0.7714 0.2778 0.2512 0.6499 0.2096 - 0.3474

PV 0.5149 0.8828 0.8333 0.1656 0.7494 0.3474 -

x—average value; SD—standard deviation; bold—statistically significant differences (p ≤ 0.05).

4.4. Analysis of Minerals

RD included the highest average content of sodium, which was a few times higher than the
recommended dose. The lowest content of sodium was observed in VEGAN. Statistically significant
differences were observed between RD and the other diets. In terms of sodium content, VEGAN
differed from FFD, BD, RD, LOV, and PV (Table 7).

Table 7. The average content of minerals in the analyzed diets.

Mineral MFD
¯
x ± SD FFD

¯
x ± SD BD

¯
x ± SD RD

¯
x ± SD LOV

¯
x ± SD VEGAN

¯
x ± SD PV

¯
x ± SD

Sodium (mg) 1175 ± 519.1 1501 ± 575.1 1414 ± 496.1 3527 ± 813 1499 ± 408.4 915 ± 290.5 1490 ± 481
Potassium (mg) 4324.2 ± 743 4242.3 ± 583 4390 ± 616 2594.7 ± 594 4037.5 ± 63 4378.4 ± 845.5 4052 ± 473
Calcium (mg) 452.4 ± 73.8 1281.7 ± 239.3 1169.1 ± 310.2 444.1 ± 157.7 1363.1 ± 267 610.2 ± 107.4 1360.7 ± 299.2

Phosphorus (mg) 1509.5 ± 121.4 1704.8 ± 184.5 1698 ± 189.7 1099.6 ± 178.9 1674.4 ± 118.1 1449.7 ± 145.2 1674.4 ± 193.7
Magnesium (mg) 558.6 ± 66.1 505.3 ± 60.7 508.7 ± 65.2 261.1 ± 70.2 484.8 ± 71.6 589.3 ± 49.1 498.5 ± 72.2

Iron (mg) 18.2 ± 2.2 15.3 ± 1.5 15.4 ± 1.3 11.2 ± 2.2 15.7 ± 1.5 19.8 ± 1.9 15.3 ± 2
Zinc (mg) 12.1 ± 1.9 12.9 ± 1.6 12.6 ± 1.5 10.6 ± 1.8 12.9 ± 1.4 12.6 ± 1.2 12.8 ± 1.6

Copper (mg) 2.4 ± 0.3 2.1 ± 0.3 2.1 ± 0.3 1.0 ± 0.2 2.1 ± 04 2.7 ± 0.4 2.2 ± 0.3
Manganese (mg) 8.0 ± 1.8 7.2 ± 1.7 7.0 ± 1.6 3.0 ± 1.1 7.1 ± 1.3 9.0 ± 1.5 7.2 ± 1.6

Iodine (μg) 62.8 ± 46.4 46.9 ± 20.3 57.9 ± 19.1 87.2 ± 45.0 37.6 ± 9.2 29.4 ± 10.3 39.2 ± 11.1

x—average value; SD—standard deviation.

The regular diet (RD) did not fulfil the recommended dietary allowances (RDA) norm with
reference to some minerals, such as potassium, magnesium, and iodine, and their average content
was: potassium 2594.7 ± 594 mg, calcium 444.1 ± 157.7 mg, magnesium 261.1 ± 70.2 mg, and iodine
87.2 ± 45.0 μg. Insufficient level of calcium was also observed in MFD and VEGAN. FFD and BD
contained incorrect quantities of calcium for pregnant women and children (according to the RDA
norm). The highest average content of calcium was observed in LOV (1363.1 mg) The average
requirement for phosphorus for the group (according to EAR) was fulfilled by all diets, but the
lowest value was observed in RD (1099.6 mg), and the highest in FFD (1704.8 mg). The average
content of phosphorus in RD does not fulfill the recommended daily norm for children, pregnant, and
breastfeeding women (under 19 years of age). Magnesium content in RD did not meet the nutritional
norm for men. The highest average content of iron was observed in VEGAN (19.8 mg), whereas the
lowest in RD (11.2 mg). None of the analyzed diets fulfilled the recommended norm for iron for
pregnant women. Women aged <50 should consume 18 mg of iron every day. Lower levels of this
element were observed in FFD, BD, RD, LOV, and PV. RD also did not fulfill the norm for iron for
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13–18 year-olds—boys and menstruating girls. The content of zinc was comparable in the analyzed
diets, but the lowest content was observed in RD—10.6 mg. All diets featured lower than recommended
content of zinc for breastfeeding women under 19. RD did not fulfill RDA for men, pregnant women,
and breastfeeding women. The highest content of copper and manganese was observed in VEGAN
(2.7 mg and 9.0 mg, respectively), while the lowest in RD (1.0 mg and 3.0 mg, respectively). RD featured
lower than recommended content of copper for lactating women. All of the analyzed diets featured
insufficient quantities of iodine when compared to nutritional norms (S1).

4.5. Vitamin Content Analysis

The lowest content of retinol was observed in VEGAN (22.7 μg), the highest in RD (682.7 μg).
The most beta-carotene rich diet was BD (8942.3 μg), whereas RD included the lowest amounts of
this constituent (1917.6 μg). RD did not meet the nutritional norm for Vitamin E in men, pregnant
women and breastfeeding women. All of the analyzed diets fulfilled the norm for thiamin (Vitamin B1).
RD and VEGAN featured insufficient amounts of riboflavin (Vitamin B2), which covers the needs of
lactating women. MFD was the only diet that included the appropriate content of niacin (Vitamin B3).
Insufficient average amount of this vitamin for pregnant women was observed in FFD, BD, RD,
LOV, VEGAN, and PV, whereas in the case of breastfeeding women, deficiencies were observed in
BD, RD, LOV, VEGAN, and PV. RD did not fulfill RDA in terms of Vitamin B6 content for pregnant
women and lactating women. The lowest concentration of Vitamin C was observed in RD—70.9 mg.
The recommended daily consumption of folates for pregnant women is 600 μg. All of the analyzed
diets had lower values of this constituent. In the case of breastfeeding women, the recommended
amount is 500 μg, but the norm was not fulfilled by MFD, FFD, BD, RD, and PV. VEGAN featured the
lowest content of Vitamin B12 (2.2 μg), and this amount is not enough to cover the recommended daily
consumption for men and women, including those that are pregnant or breastfeeding. FFD and PV
were characterized by the lowest content of cobalamin with reference to lactating women. The highest
content of this vitamin was observed in RD and MFD (4.1 μg). None of the analyzed diets fulfilled the
norm for Vitamin D (Table 8 and Table S2).

Table 8. Comparison of the average content of vitamins in the analyzed diets.

Vitamin MFD
¯
x ± SD FFD

¯
x ± SD BD

¯
x ± SD RD

¯
x ± SD LOV

¯
x ± SD VEGAN

¯
x ± SD PV

¯
x ± SD

Vitamin A (μg) 1573.8 ± 682.9 1697.8 ± 775.6 1727.1 ± 739.7 1000 ± 491.6 1769.5 ± 766.3 1473.6 ± 709.2 1665.4 ± 641.3
Retinol (μg) 126.1 ± 96.3 243.5 ± 87.9 242.1 ± 83.6 682.7 ± 435.5 352.7 ± 131.3 22.7 ± 31.9 286.8 ± 68.8

β-carotene (μg) 8463.2 ± 4300.5 8757.8 ± 4519 8942.3 ± 4514.3 1917.6 ± 2169.6 8533.6 ± 4049.1 8462.3 ± 4297 8283.2 ± 3901
Vitamin E (mg) 19.4 ± 3.8 15.3 ± 3.4 15.7 ± 3.5 9.6 ± 4.8 15.5 ± 3.2 18.7 ± 3.4 15.1 ± 3.5
Thiamin (mg) 1.9 ± 0.3 1.7 ± 0.4 1.7 ± 0.4 1.5 ± 0.4 1.5 ± 0.3 2 ± 0.4 1.6 ± 0.3

Riboflavin (mg) 1.6 ± 0.2 1.9 ± 0.4 1.9 ± 0.4 1.4 ± 0.3 2.0 ± 0.4 1.4 ± 0.3 2 ± 0.3
Niacin (mg) 21.7 ± 5.6 17.6 ± 4.6 10.1 ± 5.2 16 ± 4.4 13.6 ± 3.6 15.6 ± 3.3 13.6 ± 3.0

Vitamin B6 (mg) 3.0 ± 0.5 2.7 ± 0.5 2.9 ± 0.6 1.7 ± 0.5 2.5 ± 0.4 2.7 ± 0.5 2.4 ± 0.4
Vitamin C (mg) 208.3 ± 52.3 216.8 ± 55.3 219.9 ± 56.9 70.9 ± 47 227.9 ± 69 210.1 ± 53.9 210.6 ± 46.8

Folates (μg) 496.4 ± 61.3 485.4 ± 71.2 490.6 ± 74.2 216.5 ± 57.6 507.9 ± 78.1 520.3 ± 87.8 494.6 ± 65.1
Vitamin B12 (μg) 4.1 ± 1.8 2.7 ± 0.8 3.5 ± 1.3 4.1 ± 2.1 3.1 ± 0.9 2.2 ± 1.3 2.6 ± 0.8
Vitamin D (μg) 4.3 ± 4.7 1.0 ± 0.8 3.4 ± 4.3 3.5 ± 2.3 1.5 ± 0.7 1.0 ± 0.8 1.0 ± 0.7

x—average value, SD—standard deviation.

5. Discussion

The nutritional habits of Poles deviate in many ways from the rules of rational nutrition. The diets
are poor in vegetables, fruit, and wholegrain products, which results in the deficiency of some vitamins
and minerals. Despite the same caloricity of the diets, there were differences between them in protein
content. The source of proteins in a diet include products of animal and plant origin. The vegan
(VEGAN) diet contained no products of animal origin and as such, it had the highest content of plant
protein. Higher consumption of plant products is associated with the higher provision of individual
constituents, such as fiber, potassium, and magnesium. Therefore, the decrease in the prevalence of
CVD results from a number of factors, not just the consumption of plant protein [38]. The replacement
of 1 standard portion of red meat (85 g) with three different plant sources of protein decreases the
risk of coronary heart disease (CHD) by 13–30% according to the Nurses ‘Health Study [39], and by
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7–19% in the combined control analyses Nurses ‘Health Study and Health Professionals Follow-Up [40].
The type of the consumed protein is important due to the various contribution of exogenous amino
acids between plant and animal products [41]. Our study confirmed that the vegan diet and its
derivatives pose a risk of insufficient supply of endogenous amino acids, relatively exogenous amino
acids, as well as purely exogenous amino acids (leucine, isoleucine, lysine, methionine, threonine,
phenylalanine, tryptophan, and valine). In the case of relatively exogenous amino acids, which include
histidine, arginine, and serine, these amino acids can be produced in the body, but in exceptional
situations, such as various illnesses, stressful events, or the period of quick growth, they should be
supplied in appropriate amounts together with food [42]. In the context of the vegetarian diet, lysine
is an important amino acid that requires special attention. In products of plant origin, its content
is limited. To increase the supply of lysine, the vegetarian and (especially) vegan diets should be
enriched with nuts and/or soy seeds. At the same time, appropriate supply of lysine has an influence
on the decrease of the risk of heart diseases and some neoplasms as a result of the limitation of the
activity of enzymes responsible for the lipogenesis and synthesis of cholesterol. Lysine also contributes
to the reduction of the concentration of insulin-like growth factors (IGF) [43]. Another amino acid
whose decreased supply is observed in the vegetarian diet is methionine. During the course of various
transformations, methionine is transformed into taurine and homocysteine. For many people following
the vegetarian diet, this amino acid reduces the assimilation of other amino acids [44]. When it comes
to mental health, tryptophan is important. This amino acid is necessary for the production of serotonin,
which is responsible for feeling well, the regulation of sleep, and it also prevents hyperactivity in
children. Moreover, it is transformed into melatonin, and it also influences the secretion of hormones
that support the synthesis of pyridoxine and niacin. The richest source of tryptophan is turkey
meat, milk, and dairy. Because most vegetarian diets exclude these products, tryptophan supply is
reduced in these diets, and tryptophan is also a limiting amino acid in our menus. It is used in the
synthesis of neurotransmitters and, as such, its significant deficiency causes a specific depressive
reaction [45,46]. There are ways of increasing the biological quality of the consumed plant protein
through the organization of menus in a way that would supplement the content of protein products
with the missing amino acids. One of the ways is to combine legume products with grain seeds in one
meal, e.g., beans with rice. In comparison to animal proteins, plant proteins have lower contents of
leucine, lysine, methionine, and tryptophan [42].

Vegetarian diets are associated with the lower level of cholesterol in the plasma and lower blood
pressure. However, this is strongly associated with the lifestyle of vegetarians—these people are
usually non-smokers, they do not drink alcohol, and are physically active.

The regular diet of Poles was characterized by the highest percentage of fat, unsaturated fatty acids,
and cholesterol in comparison to other menus. This correlates with the increased risk of developing
ischemic heart disease, atherosclerosis, and cancers—prostate, breast, or colon. Circulatory system
diseases have been the main cause of death in the Polish population in recent decades [43]. The lowest
content of PUFA was observed in FFD, RD, and PV. PUFA have a positive influence on the functioning of
the circulatory system, e.g., they contribute to the decrease in the level of cholesterol, they lower arterial
blood pressure, prevent the development of clots, and increase the strength of heart contraction [47].

High content of red meat, processed meat products, and eggs in these menus was the reason for the
excessive consumption of cholesterol and saturated fatty acids, which are a significant factor contributing
to deaths resulting from CVD. High level of cholesterol is also associated with the development of
colorectal cancer [48]. Excessive levels of cholesterol also contribute to the development and progression
of neurodegenerative diseases, such as Alzheimer’s disease and Parkinson’s disease [49]. Cholesterol
is necessary for the proper development of the fetus in the first stages of pregnancy. After being born,
about 40-50% of the child’s cholesterol intake comes from mother’s milk. Because of that, the VEGAN
diet should not be recommended to pregnant or breastfeeding women [50].

Assimilable carbohydrates that are digested in the gastrointestinal tract are responsible for the
supply of energy to muscles, the brain, heart, intestines, and erythrocytes. Dietary fiber (cellulose,
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hemicellulose, pectin, lignin) is not digested by enzymes in the gastrointestinal tract. The main
functions of dietary fiber in the body are: the reduction of the level of cholesterol, glucose and insulin,
the stimulation of fermentation processes in the intestine, the decrease in the time of intestinal passage,
and the increase in the volume of stool [37]. According to WHO/FAO, the daily consumption of
25 g of fiber enables the correct functioning of the body. Basing on our original study, the lowest
and insufficient content of fiber was observed in the RD. The insufficient supply of fiber in the diet
may be associated with the development of disorders in the functioning of intestines, as well as with
the increase in the risk of coronary artery disease and type 2 diabetes [51]. The main products of
fermentation bacteria in the intestines are SCFA, especially acetate, propionate, and butyrate. They have
many properties that are beneficial to health, they are responsible for feeling full, and they stimulate the
immune system. In the case when there is a deficiency of dietary fiber, microbes shift to less favorable
energy sources [52]. Moreover, prolonged consumption of high-fat and high-saccharose diet may lead
to the death of the positive species of gut microflora [53]. Despite the numerous health benefits related
to the high consumption of fiber, its excessive intake can have negative consequences. Products rich in
food fiber, i.e., legumes, nuts, tofu, and some cereals are characterized by high content of phytic acid.
Phytates may bind with some minerals, e.g., iron, zinc, and calcium, forming insoluble complexes,
reducing their assimilation in the digestive tract [54]. This is why when using diets based on plant
products (mainly legumes and cereals as in VEGAN and PV) it is important to control the levels of
minerals in the body.

The regular diet was characterized by the highest content of saccharose out of all of the analyzed
diets. This was caused by the presence of significant amounts of candy and sugar in the diet, the
latter being added, e.g., to coffee, tea, and processed foods. Saccharose, which consists of glucose and
fructose, also occurs naturally in honey, fruit, and vegetables, but in significantly lower quantities than
in ready-made products prepared by the food industry. Excessive consumption of sugar is associated
with many negative health aspects, such as circulatory system diseases, obesity, type 2 diabetes, caries,
cirrhosis, and dementia [55]. Saccharose in the rest of the analyzed diets mainly originates from fruit,
vegetables, and honey which, apart from being a source of sugar, include numerous valuable vitamins,
minerals, as well as fiber.

The highest average content of lactose was observed in LOV, PV, and FFD. Very small amounts of
milk sugar were observed in MFD and VEGAN, which originated from bread added in the dietetics
program, though there should be no trace of this sugar in the menus at all. MFD and VEGAN could be
appropriate for people with confirmed lactose intolerance and the incorrect assimilation of lactose in
the digestive tract. Studies show that the risk of symptoms after the consumption of lactose depends
on the dose of lactose, lactose expression, intestinal flora, and the sensitivity of the digestive tract [56].
When treating lactose intolerance, it is recommended to reduce lactose consumption, not eliminate
it from the diet completely because in blind studies, most patients that reported the intolerance
tolerated at least 12 g of lactose (which is equivalent to 250 mL of milk), and up to 18 g with the
consumed foods [57]. A study conducted by Staudacher et al. regarding a diet poor in fermentable
oligosaccharides, disaccharides, monosaccharides and polyols (FODMAP) indicated the improvement
of symptoms in 86% of patients with the irritable bowel syndrome (IBS), in comparison to 49% in
the case of a standard dietary intervention [58]. FODMAP is a diet that includes low contents of
fermenting oligo-, di- and monosaccharides, as well as polyols, so fructose, lactose, fructans, galactans,
and artificial sweeteners like sorbitol, mannitol, maltitol, and xylitol. All of these constituents are
poorly absorbed in the small intestine, they are osmotically active (they can have laxative effects,
they influence intestinal motility), and they are quickly fermented by intestinal bacteria. FODMAP
aims at reducing or eliminating the presence of such symptoms as flatulence, stomachache, nausea,
diarrhea, and constipation [59].

The regular diet of Poles was characterized by significantly higher consumption of
sodium. Only VEGAN menus were characterized by lower levels of this constituent. High-sodium
diet significantly increases the risk of developing hypertension, insulin resistance, dyslipidemia,
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and hipoadiponectemia [60]. The widespread supply of sodium is considered as one of the main
causes of death resulting from circulatory system diseases. Sportsmen require higher intake of sodium,
especially those that exercise in high temperatures. Higher sodium intake is also important for patients
with insufficiency of the adrenal cortex and thyroid. During intense physical activity, contestants lose
this element along with sweat [61]. Because of that, VEGAN may not be the right choice for people
that do intense exercise.

Out of all of the analyzed diets, only RD was characterized by insufficient levels of potassium,
when compared to the valid norm. Incorrect supply of this element may be associated with the
increased risk of stroke and other circulatory system diseases [62]. Studies conducted by Zhang et
al. indicate that excessive consumption of sodium positively correlated with increased systolic blood
pressure and hypertension, and that the consumption of potassium negatively correlate with both of
these disorders. Furthermore, the ratio of sodium and potassium was also important in the prevention
of these problems [63].

The analysis of diets in terms of calcium content revealed that MFD, RD, and VEGAN contain
insufficient amounts of this element. Well-absorbed sources of calcium are milk and milk products.
Other sources include small fish (consumed with bones), beans, kale, parsley leaves, nuts, almonds,
sesame seeds, and poppy seeds. It has to be highlighted that calcium originating from plant sources
is less efficiently absorbed than calcium from milk and its products, which is associated with, e.g.,
the presence of lactose, which amplifies the absorption of this element [64]. However, it is emphasized
that the best absorbed sources of calcium are vegetable with low in oxalate [65]. MFD completely
eliminated milk products, this is why the average content of this macroelement was so low despite
the use of other products that are its source. Due to the fact that the consumption of minerals with
water was not taken into account, deficiencies in all types of diets, especially in terms of calcium,
may be much smaller. The right supplementation of calcium and Vitamin D is of key importance
for the prevention of the progressing loss of bone mass. In the case of postmenopausal women, it is
recommended to consume a daily total of 1200 mg of calcium originating from food and supplements,
and to supplement the diet with 800–2000 IU of Vitamin D. The supplementation is insufficient to
prevent bone breaking in persons with osteoporosis. However, this is an important addition to a
pharmacological intervention [66].

Phosphorus deficiencies were not observed in the studied diets. However, the proportion of Ca:P
should be 1:1 to maintain the proper state of the skeleton. Mineral metabolism dysfunctions are the
frequent complications of chronic kidney disease (CKD). A damaged kidney is not able to fully dispose
of a phosphorus charge, leading to, e.g., secondary hyperparathyroidism. Studies conducted by Moe
et al. indicated that protein products rich in phosphorus, i.e., cereals and legumes, are a better source
of protein for people with CKD. The results of this study show that the use of the vegetarian diet in
patients with CKD leads to the reduction of the level of phosphorus in the serum, when compared to a
diet that includes meat [67].

The analyzed RD did not fulfill the RDA norm for magnesium with reference to men. Studies
conducted by Adebamowo et al. indicated that a magnesium-, potassium-, and calcium-rich diet
may contribute to the decrease in the risk of stroke in men [68]. Generally speaking, no pathological
states associated with low magnesium consumption have been observed, but a small to moderate
deficiency of this element resulting from chronic stress may significantly contribute to the presence of
such illnesses as atherosclerosis, hypertension, osteoporosis, diabetes, and cancer [69]. Coffee, which is
often consumed in large amounts by the Polish population, is a factor that is commonly believed to
decrease the assimilation of magnesium, which favors many pathologies [70,71].

Iron present in food products has many forms and is usually classified as heme and nonheme iron.
All of the analyzed diets fulfilled RDA for iron, but they differed in terms of its origin. In the case of
meat-eliminating diets, it is mainly nonheme iron, which can occur in products in the form of various
complexes, which may improve or weaken its absorption. An example of substances that significantly
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reduce the absorption of iron in the digestive tract are phytates and tannins of plant origin [72]. This is
why the content of nonheme iron in the diet should be several times higher than heme iron.

RDA norms for such minerals as zinc, copper, and manganese have been fulfilled by all of the
analyzed diets. However, taking into account factors that interrupt absorption and assimilation in the
digestive tract, the supply of these constituents may turn out to be too low. A frequent factor facilitating
this process is animal protein, which is not present in VEGAN. It has been demonstrated that the
supplementation with zinc has a protective effect on the epithelial barrier of intestines and helps in
various pathologies, including chronic alcohol consumption, oxidative stress, diarrhea, chronic fatigue
syndrome, colitis, other gastrointestinal problems, and even some neurological disorders. However,
zinc deficiency may result from the wide use of proton-pump inhibitor medicines, diets including large
amounts of products rich in phytates and the decreasing consumption of meat and fish [50,73].

The main sources of copper are food products (75%) and drinking water (25%). Genetic illnesses
connected to the disturbed metabolism of this element include Menkes disease, associated with
bad absorption, and Wilson’s disease, in which the excretion of iron is disturbed. Infants are more
vulnerable to the deficiency than adults. This is true especially for premature infants because the fetus
absorbs copper in the last months of pregnancy. Children that do not go through breastfeeding require
supplementation in the first year of their lives [74]. However, high copper consumption with trans-fat
and saturated fatty acids has been associated with the accelerated decrease in cognitive functions of
the elderly [75].

Manganese is a necessary element that is required for the proper functioning of the immune
system, the regulation of the level of sugar in the blood, cellular energy, reproduction, digestion, bone
growth, blood coagulation, hemostasis, and protection against reactive oxygen species. Manganese
deficiencies are rarely observed because it is available in many food products. The absorption of
manganese is strictly regulated in intestines and no toxicity resulting from its excessive intake with
the diet was observed. The toxicity of manganese in the world results from environmental pollution,
including the pollution of air and drinking water [76].

All of the analyzed diets were characterized by insufficient iodine content when compared to the
norm. However, the addition of salt was not included in the meals. Thanks to fortification (in Poland
in the form of potassium iodide), salt is the main source of iodine in the diet of Poles. The main sources
of this constituent include sea fish, which were not present in FFD, LOV, VEGAN, and PV. This is
why the average content of iodine in these diets is the lowest. The main results of the deficiency are
goiter and hypothyroidism. In pregnant women, insufficient consumption of iodine may be associated
with impaired psychomotor development of children, the risk of miscarriage or endemic cretinism.
The impaired mental and somatic development may result from the deficiency of iodine in children
and teenagers [77].

All of the analyzed diets fulfilled the norm for Vitamin A, sometimes significantly exceeding
the recommended values. The lowest content of retinol was observed in VEGAN because the diet
completely eliminates products of animal origin, which are its source. RD has the lowest average
content of beta-carotene; a carotenoid present in plant products. The reason for the limited assimilation
of Vitamin A may be the excessive intake of fiber or alcohol, excess amounts of iron, nitrates, nitrites,
and free radicals in the body, as well as insufficient levels of zinc [41]. The symptoms of Vitamin
A deficiency include weaker sight, skin dryness, the weakening of mucous membranes, higher
vulnerability to infections.

The diets were properly balanced in terms of Vitamin E, only RD did not fulfill the RDA norm
for men. Vitamin E also influences the efficiency of muscles and the production of sperm. Therefore,
its appropriate supply is very important in men [78].

The effects of vitamins from the B family were observed in many aspects, including brain function,
energy production, DNA and RNA synthesis and repair, as well as in the synthesis of numerous
neurochemical substances and signaling particles. Insufficient amounts of B-family vitamins are
associated with inflammatory processes and oxidative stress as indicated by the increased concentration
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of homocysteine in blood plasma [79]. The average content of B-family vitamins in the analyzed diets
fulfilled the norm of the recommended consumption for the Polish population. The source of these
vitamins includes both products of plant and animal origin. The only exception is Vitamin B12, which
can be found only in animal foods. The VEGAN diet achieved the norm for this Vitamin Because the
products used in the menus, i.e., soy milk or tofu, were enriched. The group of B vitamins includes
folates (Vitamin B9). The regular diet of Poles turned out to be insufficient in terms of this nutrient.
The methylenetetrahydrofolate reductase (MTHFR) 3 gene codes the methylene tetrahydrofolate
reductase enzyme, which participates in the metabolism of folates, homocysteine, and methionine.
MTHFR transforms folic acid from food into an active form, which can be used by the organism.
This way, MTHFR influences the transformation of toxic homocysteine into methionine with the
participation of folic acid. The presence of the C677T mutation of the MTHFR gene leads to the
deficiency of folic acid and the accumulation of homocysteine. It is estimated that about 15% of the
Polish population has the mutation of the MTHFR gene. More efficiently assimilated vitamins are
those that originate from the diet, not supplements. The most valuable sources of B-family vitamins
are meat, fish, seafood, nuts, liver, green leafy vegetables, yeast, and eggs. People with the MTHFR
gene mutation should be supplemented with methylated folic acid because this is the only form that
will be assimilated by the body. The C677T polymorphism of methylene tetrahydrofolate reductase is
associated with various illnesses, i.e., circulatory system diseases, neoplasms, neurological diseases,
diabetes, or psoriasis [80].

Vitamin C (ascorbic acid) has strong antioxidant properties, is well assimilated from the digestive
tract, and its excess is removed with urine. The main sources of ascorbic acid in a diet are fruit
and vegetables, but there are huge losses of this constituent during heat treatment and storage,
even >75% when compared to fresh, raw product [41]. The regular diet (RD) was characterized by
the lowest content of Vitamin C and, at the same time, it did not fulfill the norms of consumption.
The remaining diets (MFD, FFD, BD, LOV, VEGAN, and PV) covered the norm for this vitamin.
The symptoms of scurvy or Vitamin C deficiency include swelling of the lower limbs, bleeding of
gums, tiredness, and hemorrhages, as well as psychological issues, including depression, hysteria,
and social introversion [81].

Vitamin D deficiency is the main problem of public health in the entire world in all age groups,
even in countries where it is generally assumed that UV radiation is sufficient to prevent this deficiency
or in industrialized countries where fortification has been conducted for years.

The causes of Vitamin D deficiency:

- the use of sunscreen,
- elderly age,
- obesity,
- malabsorption,
- kidney and liver diseases,
- use of anticonvulsants.

Due to the fact that it is very difficult to supplement proper amounts of Vitamin D with food, none
of the analyzed diets fulfilled the norm for this constituent. Regardless of whether the diet eliminated
products of animal origin or not, supplementation is necessary, particularly in the autumn-winter period
in the temperate climate that is present in Poland. It has been demonstrated that Vitamin D stimulates
the absorption of calcium in the intestines [82]. Vitamin D deficiency is usually manifested through the
deformation of bones (rickets) or hypocalcaemia in infancy and childhood, as well as through pain
and musculoskeletal weakness in adults. Many other health problems, including circulatory system
diseases, type 2 diabetes, several neoplasms, and autoimmune diseases, can be associated with Vitamin
D deficiency [83].

The analysis of menus prepared by qualified dieticians will make it possible to avoid some
deficiencies. However, it is important to take into account the fact that most people who follow this
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type of diet do it rather poorly, which—in most cases—leads to even higher deficiencies, including
calorie deficiencies, especially in the VEGE diet. An important assumption of this study was the same
caloric value for every type of the analyzed diets.

Moreover, dietary fiber plays a key role in many metabolic processes not only directly related
to the function of the intestine. Vegetable fiber is used by the intestinal microbes (stimulating
growth of intestinal microbes) to synthesize SCFA, which support healthy colonic epithelial cells [84].
Fiber consumption directly affects stool bulkiness, fecal pH, and intestinal transit time. The end
products (acetate, propionate, and butyrate) produced by microorganisms affect enhancing various
blood parameters (glucose, insulin) and the manner of bowel movements. The study showed that the
numbers of bifidobacteria, lactobacilli, and methanogens were significantly decreased in the colon
of patients with mixed refractory constipation [84,85]. Taking into account the above considerations,
conclusions were drawn. Periodic implementation of vegetarian diets may help in the treatment
of several diseases and symptoms associated with the metabolic syndrome, such as hypertension,
hyperlipidemia, obesity, type 2 diabetes, and cardiovascular diseases. The implementation of diets
that eliminate products of animal origin can be risky for pregnant or breastfeeding women, children,
and the elderly.

6. Conclusions

The regular diet of Poles featured the highest total content of fats and the highest content of
saturated fatty acids and cholesterol. The regular diet of Poles, at 2000 kcal caloricity, turned out to be
more hazardous to health in terms of deficiencies than properly balanced diets with the same caloricity
that eliminated products of animal origin. Considering assimilation capabilities, metabolism and the
source of vitamins and minerals in individual menus, it was impossible to clearly determine a better
way of fulfilling the requirements for these constituents in vegetarian diets. Diets that eliminated
products of animal origin often require additional supplementation and the constant monitoring of
mineral and vitamin levels in blood plasma.

It is important to pay attention to the nutritional education of Poles, both with reference to those
that implement diets featuring all product groups, as well as those that follow vegetarian diets.
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Abbreviations

BD The basic diet
CKD chronic kidney disease
CVD cardiovascular disease
DHA Docosahexaenoic Acid
EPA Eicosapentaenoic acid
FFD Diet that eliminates fish, seafood and shellfish
FOODMAP fermentable oligosaccharides, disaccharides, monosaccharides and polyols
LDL Low-density lipoprotein
LOV The lacto-ovo-vegetarian diet
MFD The milk-free diet
MTHFR methylenetetrahydrofolate reductase
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MUFA monounsaturated fatty acids
PUFA polyunsaturated fatty acids
RD regular diet of Poles
SFA saturated fatty acids
VEGAN The vegan diet
PV The modification of a vegetarian diet with fish
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Abstract: This randomized controlled study aimed to assess the efficacy and safety of an extract
mixture of kudzu flower and mandarin peel (KM) on hot flashes (HFs) and markers of bone turnover in
women during the menopausal transition. Healthy women aged 45–60 years with the menopausal HFs
were randomly assigned in a 1:1 ratio to either KM (1150 mg/day) or placebo arms for 12 weeks (n= 84).
The intent-to-treat analysis found that compared with the placebo, the KM significantly attenuated
HF scores (p = 0.041) and HF severities (p < 0.001), with a mean difference from baseline to week 12.
The KM also improved bone turnover markers, showing a significant reduction in bone resorption
CTx (p = 0.027) and a tendency of increasing bone formation OC relative to the placebo. No serious
adverse events and hormonal changes were observed in both groups. These findings suggest
that KM consumption may improve the quality of life in ways that are important to symptomatic
menopausal women.

Keywords: Pueraria thomsonii; Citrus unshiu; menopause; hot flash; bone resorption

1. Introduction

Menopause is a natural process of women aging that increases vulnerability to physical [1]
and emotional [2] stresses, leading to a reduced quality of life and increased burden for health
care needs [3,4]. From an endocrinological perspective, menopause is characterized by increased
follicle-stimulating hormone (FSH) levels and a fluctuating/eventual decline in estrogen [5]. At some
time through the menopausal transition from peri- to post-menopausal state, >80% of women will
experience the vasomotor symptoms (VMS) that are commonly called hot flashes or flushes (HFs) and
night sweats [6].VMS peak in late perimenopause or early menopause due to the changes in circulating
estrogen levels [7]. Meanwhile, because circulating estrogen plays a vital role in preventing bone loss
and promoting bone formation, menopausal estrogen deficiency may also contribute to diminished
bone mineral density (BMD) [8]. In a retrospective study, Crandall et al. [9] noted that lumbar BMD
was lower in perimenopausal women with frequent HFs than in non-flushing women, supporting the
notion that HFs may serve as an independent determinant of BMD. In contrast, Tuomikoeki et al. [10]
suggested that HFs do not appear to determine lumbar and hip BMD in a prospective longitudinal
study of 143 healthy women with or without HFs.

Hormone therapy has long been recognized as a standard treatment to reduce unpleasant
symptoms of menopause. However, because of the risks of breast cancer, endometrial cancer,
and venous thromboembolism [11], many women now want to avoid hormone therapy. Instead,
various plant food products with estrogenic activity (phytoestrogens) are widely thought to confer health
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benefits to menopausal women. Globally, the phytoestrogen market was estimated to be valued at USD
1.2 billion in 2019, with a compound annual growth rate of 4.7% [12]. However, the prominent dietary
and herbal sources of phytoestrogens are only partially known to be safe, effective, and well-tolerated
by symptomatic menopausal women in controlled clinical trials. Therefore, there is still an unmet need
for safe and effective non-hormone treatment options for menopausal women.

Kudzu (Pueraria thomsonii Benth.) belongs to the Fabaceae/Leguminosae family. The flower
of kudzu, also called the Pueraria flower, contains tectorigenin, tectoridin, and tectorigenin
7-O-xylosylglucoside that have lower binding affinities to estrogen receptors (ERs) than those of
soy isoflavones [13]. Mandarin (Citrus unshiu Markovich) is a popular citrus fruit belonging to
the Rosaceae family. Dried mandarin peel is rich in flavonoids, such as hesperidin, naringin,
and narirutin [14]. Current research has identified the modulatory effects of mandarin peel on
bone metabolism [15] and inhibitory effects of hesperidin against bone loss in ovariectomized (OVX)
animals [16]. Two recent animal studies focused on the HFs and BMD [17,18], respectively, in OVX mice
treated with an extract mixture of kudzu flower and mandarin peel (KM) at the ratio of 6.5:5. The first
study implied that a 7-week treatment with KM exerted protective effects against HFs by enhancing
serotonin, norepinephrine, dopamine, and ERβ in the hypothalamus, and decreasing circulating FSH
and luteinizing hormone (LH) levels without changing the circulating estrogen level [17]. In the
second study, KM demonstrated anti-osteoporotic effects after a 7-week treatment by maintaining
bone homeostasis via re-addressing the balance between bone resorption and bone formation [18].
However, to the best of our knowledge, KM’s protective attributes have not yet been confirmed in
human studies. It triggered us to study the potentials of KM in human subjects.

Based on these findings, we hypothesized that KM might potentially modify HFs and BMDs in
menopausal women. To test this hypothesis, we conducted a double-blind placebo-controlled human
trial to determine the safety and effectiveness of KM on modulating HFs and bone turnover markers in
peri- and post-menopausal women.

2. Materials and Methods

2.1. Test Materials

The mandarin peel and kudzu flower are listed as Old Dietary Ingredients marketed in the US
before 15 October 1994 [19]. Therefore, they might be used legally in a dietary supplement without
submitting the Food and Drug Administration notification. The test and placebo products were
provided by the LG Household & Health Care (Seoul, Korea). In brief, the 70% ethanolic extract of
kudzu flower and aqueous extract of mandarin peel were spray-dried separately and mixed at the
ratio of 6.5:5. The KM, lactose, crystalline cellulose, sodium carboxymethyl starch, silicon dioxide,
magnesium stearate, and cacao color were packed in a capsule to provide a dose of 383.4 mg KM.
For the placebo capsule, KM was replaced with an equal weight of lactose. The test product was
standardized to contain 70.3 mg/g of three tectorigenin derivatives from the kudzu flower and 51.7 mg/g
hesperidin from mandarin peel using a high-performance liquid chromatograph equipped with a
variable wavelength detector (Agilent Technologies, Santa Clara, CA, USA) and Poroshell EC-C18
column (2.1 mm × 1000 mm, 2.7 μm).

2.2. Subjects

The required sample size was estimated based on data from Chang et al. [20] and Kim et al. [20,21]
and conducted assuming a power of 0.80 with a two-sidedα-level of 0.05 and 20% dropout rate. Subjects
were recruited through posters placed in various locations and online advertisements. For inclusion,
subjects were required to be peri- or post-menopausal women aged between 45 and 60 years with the
menopausal HFs as indicated by a Kupperman Index (KI)≥15 and average daily HF score≥10 for 1 week
before the screening visit. Exclusion criteria were as follows: (1) surgical or chemotherapy-induced
menopause or unexplained vaginal bleeding; (2) receiving hormone therapy within the preceding 6
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months; (3) taking a supplement or traditional medicine affecting menopausal status, bone health,
blood glucose, blood lipids, blood pressure, and blood circulation within the preceding 1 month;
(4) taking medication within the past 1 month or during the study period; (5) a history of breast
cancer, endometrial hyperplasia, uterine endometrial cancer, sex steroid-dependent organ tumors,
or having abnormal findings on breast X-ray or pelvic ultrasonography; (6) having liver or kidney
diseases, uncontrolled hypertension (systolic blood pressure >160 mmHg or diastolic blood pressure
>100 mmHg), thyroid disease, diabetes, hyperlipidemia, or mental illness; (7) a history of severe
migraine headache, thromboembolic disorders, cerebrovascular disorders, or serious cardiovascular
condition within the preceding 1 year; (8) drug addiction or alcoholism; (9) performing heavy exercise
(≥10 h/week) within the past 3 months; (10) known allergy or sensitivity to ingredients in the study
products; (11) enrollment in any other clinical trial within the preceding 1 month; (12) investigator’s
determination of unsuitability for the trial. All participants provided written informed consent, and the
Institutional Review Board of Ewha Womans University approved the protocol (IRB No. 164-14).
The study was registered on the International Clinical Trials Registry Platform of the WHO (ICTRP)
under the identification number KCT0003335.

2.3. Study Design

The study followed a randomized controlled parallel design with two arms of a fixed-dose of
KM (1150 mg) or matching placebo in a ratio of 1:1. A total of 84 eligible subjects were randomized
to the KM (n = 42) or placebo (n = 42) groups using a computer-generated random block number
table. The group allocation was blinded for both the investigators and participants. The subjects were
advised to take three test material caps with enough water once a day for 12 weeks. We determined the
daily dose based on previous animal studies [18,22] and the duration by some previous studies [23].
During the trial, subjects were instructed to maintain their usual diet and lifestyle but refrain from
eating or drinking kudzu, kudzu flower, mandarin peel, citrus fruits, calcium, and isoflavone-rich foods
and beverages. Dietary intakes and responses to the International Physical Activity Questionnaire
(IPAQ) [24] were recorded for 3 days (two weekdays and one weekend day) at baseline and weeks 6
and 12, using a smartphone application. Pittsburgh Sleep Quality Index (PSQI) [25] and Recommended
Food Scores (RFS) [26] were measured at baseline and week 12 to assess the qualities of sleep and food
intake, respectively. Blood samples were taken at baseline and week 12, after an overnight fast.

2.4. Measurement of HFs

Participants were required to complete a daily diary over 12 weeks from 7 days before treatment
at baseline using a Web-based prospective electronic digital HF diary. The data were collected by
the Google form survey method using a designed questionnaire in which participants recorded
both the frequency and severity of HFs. For the frequency of HF, the daily number of episodes
is recorded as one point. The severity of HF was defined as mild = 1, moderate = 2, severe = 3,
and very severe = 4. The HF scores were calculated by multiplying the frequency experienced at that
severity level. Then, the resulting points were summed to obtain a total daily score. Each daily score
was averaged per week [27,28]. Daytime and night-time HFs were considered separately.

The frequency and severity of menopausal symptoms were also measured via the KI and
Menopause-Specific Quality of Life Questionnaire (MenQOL) at baseline and end of the study. KI is a
numerical index that scores 11 menopausal-related symptoms (HFs, paresthesia, insomnia, nervousness,
melancholia, vertigo, weakness, arthralgia, myalgia, headache, and palpitations). Each symptom was
rated from 0 to 3 according to severity and symptoms, weighted, and the total sum was calculated.
MenQOL is a menopause-specific tool to measure health-related quality of life. It consists of a total
of 29 items in a Likert-scale format, assessing the impacts on the four domains, including vasomotor
(1–3 items), psychosocial (4–10 items), physical (11–26 items), and sexual (27–29 items) [29]. Means were
computed by dividing the sum of the domain’s items by the number of items within that domain.
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2.5. Measurement of Biochemical Markers in the Blood

At baseline and week 12, venous blood was collected in the ethylenediaminetetraacetic acid tube
(BD Biosciences, San Jose, CA, USA) and serum-separated tube (BD Biosciences). The plasma was
separated by centrifugation at 1500× g, 4 ◦C for 10 min, and serum was centrifuged at 1910× g, 4 ◦C,
for 15 min. Serum osteocalcin (OC) was measured by electrochemiluminescence (Elecsys N-MID
Osteocalcin ELISA Kit, Roche Diagnostics GmbH, Mannheim, Germany). Plasma C-telopeptide
fragment (CTx), plasma N-telopeptide fragment (NTx), and serum bone-specific alkaline phosphatase
(BALP) were assessed by the Elecsys β-CrossLaps/serum assay (Roche Diagnostics GmbH),
enzyme-linked immunosorbent assay kit (Cusabio Biotech, Wuhan, China), and the Access Ostase assay
(Beckman Coulter, Fullerton, CA, USA), respectively. Estradiol, FSH, and LH levels were determined
by the Cobas e801 analyzer (Roche Diagnostics GmbH).

2.6. Safety Measurements

All participants were examined in the Hanaro Medical Foundation (Seoul, Korea) or Dong-A
Radiology Clinics (Daejeon, Korea) for adverse events and side effects. Safety monitoring, including
vital signs (blood pressures, pulse rate, body temperature), was carried out on every visit. Laboratory
tests were conducted at baseline and week 12 for hematologic (WBC, RBC, Hb, Hct, PLT, neutrophils,
eosinophils, basophils, lymphocytes, monocytes), blood biochemical (AST, ALT, ALP, BUN, creatinine,
e-GFR), and urine analysis (pH, nitrite, specific gravity, protein, glucose, ketone, bilirubin, blood,
urobilinogen, color). The endometrial thickness was determined by transvaginal or abdominal
ultrasonography at baseline and week 12 to monitor side effects. Adverse events were monitored
throughout the study.

2.7. Statistical Analysis

Data analyses were performed using the intention-to-treat (ITT) analysis and tested for normal
distribution graphically by evaluating quantile-quantile (QQ) plots. Values that exceed three times the
interquartile range (IQR) (less than Q1 − (3.0 × IQR) or more than Q3 + (3.0 × IQR)) were considered
outliers and excluded from the analysis. Differences in the baseline characteristics between the two
groups were tested with the Student’s t-test for continuous variables and chi-squared or Fisher’s exact
test for categorical variables. Safety and effectiveness comparisons between or within groups were
analyzed using a linear mixed-effects model with a random subject effect and fixed effects (group, week,
group, the interaction between group and week) after adjustment for covariates. Covariate screening
was analyzed using Empower (X&Y Solutions, Inc., Boston, MA, USA). Associations between HF
scores or HF severity and bone turnover markers were tested in linear regression models. Data were
presented as means and standard errors. All statistical analysis was performed using SAS (version 9.4;
SAS Institute, Inc., Cary, NC, USA).

3. Results

3.1. Baseline Characteristics

Of the 147 subjects recruited, 84 eligible subjects were enrolled and randomized into either the KM
or placebo group. Eight subjects dropped out before week 12 due to personal reasons (n = 6), taking an
omega-3 supplement (n = 1), and participating in another clinical trial (n = 1). Finally, 76 participants
(90%) completed the trial (Figure 1).
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Figure 1. CONSORT flow diagram of the study. CONSORT, Consolidated Standards of Reporting
Trials; KM, an extract mixture of kudzu flower and mandarin peel.

Table 1 shows the baseline characteristics of the subjects in ITT analysis. Study groups were well
matched, with no significant differences between the KM and placebo groups, demonstrating that the
participants were symptomatic peri- or post-menopausal women with a mean age of 51.8 ± 0.4 years,
KI of 24.7, and HF score of 31.3. Although the difference in RFS between the two groups was statistically
significant (27.0 vs. 23.0), they were all classified as the low fruit/vegetable consumption group [26].
The compliance was excellent in both arms (97.3% vs. 97.5%).

Table 1. Baseline characteristics of subjects in the intention-to-treat analysis.

Variables Placebo (n = 42) KM (n = 42) p-Value

Age (years) 52.0 ± 0.6 51.5 ± 0.5 0.526
Amenorrhea period (months) 29.8 ± 4.5 20.7 ± 2.9 0.096
Hot flash score 34.8 ± 6.7 27.8 ±3.3 0.354
Kupperman Index 25.2 ± 1.3 24.1 ± 1.3 0.532
Alcohol drinker (Y/N) 21/21 19/23 0.662
Alcohol amount (g/week) 8.0 ± 2.2 6.5 ± 1.8 0.598
Smoker (Y/N) 0/42 1/41 1.000
Smoking amount (cigarettes/day) 0.0 ± 0.0 0.1 ± 0.1 0.183
Body weight (kg) 59.8 ± 1.5 57.7 ± 1.2 0.268
BMI (kg/m2) 23.7 ± 0.5 23.1 ± 0.5 0.352
Waist circumference (cm) 83.0 ± 1.6 79.1 ± 1.3 0.059
Physical activity (MET-min/week) 1499.5 ± 148.7 1905.2 ± 251.7 0.170
Vigorous activity (h/week) 0.4 ± 0.2 0.2 ± 0.1 0.435
RFS 23.0 ± 1.2 27.0 ± 1.3 0.028
SBP (mmHg) 118.2 ± 1.6 118.2 ± 2.1 0.979
DBP (mmHg) 73.2 ± 1.4 72.7 ± 1.6 0.807

Values are presented as mean ± SE or n. Student’s t-test for continuous variables and chi-square or Fisher’s exact
test for categorical variables were used to compare the difference between the treatments. KM, an extract mixture
of kudzu flower and mandarin peel; BMI, body mass index; RFS, recommended food score; SBP, systolic blood
pressure; DBP, diastolic blood pressure.

3.2. Effect of KM on HFs

Figure 2a–c illustrate the weekly changes in HF scores, severity, and frequency over the study
period. These values were calculated based on Web-based digital diaries that record everyday changes.
In both groups, all values were reduced substantially from the first week until the end of the study.
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However, the overall reductions were lower in the KM group than in the placebo group, showing a
statistical difference between the two groups in HF severity (β = −0.38, p = 0.006). As a result, at the
end of the study, both the HF scores (p = 0.041) and HF severity (p < 0.001) were significantly lower in
the KM group than in the placebo group. HF scores decreased by 60.1% in the KM group compared
with 50.9% in the placebo group from the baseline, while HF severity decreased by 40% in the KM
group compared with 26.3% in the placebo group from the baseline. Interestingly, the improvements
in the HF scores and HF severity were better at night-time than at daytime, as visualized in the heat
map (Figure 2d).

 
Figure 2. Changes in mean HF score (a), severity (b), and frequency (c) from baseline over the 12-week
study period. Dots are experimental points (KM: black circles, placebo: empty circles). Heat map
representing the changes in HF score and severity from baseline to the end of week 12 (d). The HF scores
were calculated by multiplying the frequency experienced at that severity level. Then, the resulting
points were summed to give a total daily score. Each daily score was averaged per week. Each value
represents the mean + SE. Each column of the map represents one subject with all data for HF score and
severity at total, daytime, and night-time in the heatmap. KM, an extract mixture of kudzu flower and
mandarin peel; HF, hot flash. The p-values were obtained from a linear mixed-effect model adjusted for
covariates. * p < 0.05, ** p < 0.001.

When using the KI and MenQOL retrospective questionnaires, the differences in HF scores’ changes
were not statistically significant between the placebo and KM groups. However, the within-group scores
were significantly lower after the 12-week intervention than at baseline for both groups, indicating a
trend for improving (p < 0.05 for all; upper part of Table 2). In the meantime, we determined various
safety parameters, including vital signs and hematologic, blood biochemical, and urine analysis.
The analysis showed that these values are normal, with no significant differences between the two
groups at post-treatment (Supplementary Table S1). Besides, we found that there were no significant
differences in endometrial thickness and LH level between the two groups. Although the FSH
(β = −10.81, p = 0.037) and estradiol (β = 46.23, p = 0.043) levels were statistically different, all values
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remained normal ranges for peri- or post-menopausal women (lower part of Table 2). We note that,
the FSH level rises above 40 mIU/mL during menopause [30], while estradiol level decreases from 30
to 400 pg/mL to 0–30 pg/mL [31]. We also note that the changes were opposite in the placebo and KM
groups, indicating a potential protective capacity KM to suppress the hormonal changes in menopause.
Finally, there were no significant adverse events and no difference in the total number of adverse
events between them.

Table 2. Changes in retrospective HF scores and safety parameters.

Variables Placebo (n = 42) KM (n = 42) Estimate p-Value

Retrospective HF scores

KI
Week 0 6.86 ± 0.44 5.24 ± 0.37 0.83 0.191
Week 12 4.63 ± 0.47 4.21 ± 0.4
p-value <0.001 0.013

MenQOL score
Week 0 15.17 ± 0.7 13.64 ± 0.64 0.555 0.163

Week 12 9.97 ± 0.79 10.26 ± 0.75
p-value <0.001 <0.001

Safety parameters

Endometrial thickness (mm)
Week 0 5.4 ± 0.4 5.4 ± 0.6 0.52 0.380
Week 12 5.0 ± 0.4 5.6 ± 0.5
p-value 0.14 0.793

FSH (mIU/mL)
Week 0 63.4 ± 5.8 71.0 ± 6.5 −10.81 0.037

Week 12 68.4 ± 5.5 66.2 ± 7.5
p-value 0.062 0.271

Estradiol (pg/mL)
Week 0 42.1 ± 12.8 37.5 ± 11.6 46.23 0.043

Week 12 23.6 ± 8.4 67.8 ± 19.1
p-value 0.192 0.115

LH (mIU/mL)
Week 0 34.7 ± 2.8 35.9 ± 3.1 −0.09 0.986
Week 12 38.3 ± 2.7 40.1 ± 4.5
p-value 0.27 0.267

Values are presented as mean ± SE. Estimates and p-values were obtained from a linear mixed-effect model adjusted
for covariates. KI, kupperman index; KM, an extract mixture of kudzu flower and mandarin peel; HF, hot flash;
MenQOL, menopause quality of life scale; FSH, follicle stimulating hormone; LH, luteinizing hormone.

3.3. Effect of KM on Bone Turnover Markers

NTx and CTx, the amino- and carboxyterminal cross-linked telopeptides of type I collagen, are two
bone resorption markers widely used in the clinical research setting [32]. In this study, the 12-week
consumption of KM led to a significant and negative impact on CTx compared with the placebo
(β = −0.05, p = 0.027). A similar result was obtained for NTx (β = −0.80), although neither reached
statistical significance because of the high variability (upper part of Table 3).

Bone formation markers are synthesized by active osteoblasts and present in the circulation. OC is
a hydroxyapatite-binding protein mainly synthesized by osteoblasts, while ALP is a membrane-bound
glycoprotein present in four isoforms in the liver, intestine, placenta, and bone. BALP plays a role in
osteoid formation and calcification by enzymatic degradation of pyrophosphate, a naturally occurring
inhibitor of mineralization [33]. In this study, the KM group showed positive effects for both OC
(β = 1.03) and BALP (β = 0.67) compared with the placebo group, although there were no significant
statistical differences in the levels of OC and BALP between the two groups. Moreover, the difference
in OC levels between baseline and the end of the study was significantly different after the 12-week
consumption of KM (p = 0.001; lower part of Table 3).
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Table 3. Changes in bone turnover markers in the blood.

Variables Placebo (n = 42) KM (n = 42) Estimate p-Value

Markers of bone resorption

CTx (ng/mL)
Week 0 0.43 ± 0.03 0.43 ± 0.03 −0.05 0.027

Week 12 0.47 ± 0.03 0.39 ± 0.03
p-value 0.098 0.134

NTx (ng/mL)
Week 0 3.50 ± 0.32 3.94 ± 0.45 −0.80 0.25

Week 12 3.53 ± 0.36 3.06 ± 0.23
p-value 0.922 0.124

Markers of bone formation

OC (mg/mL)
Week 0 18.35 ± 0.92 17.64 ± 0.98 1.03 0.17

Week 12 19.49 ± 0.87 19.48 ± 1.12
p-value 0.124 0.001

BALP (mg/mL)
Week 0 15.21 ± 0.73 13.48 ± 0.73 0.67 0.276

Week 12 14.73 ± 0.70 13.53 ± 0.84
p-value 0.443 0.435

Values are presented as mean ± SE. Estimate and p-value were obtained from a linear mixed-effect model adjusted
for covariates. KM, an extract mixture of kudzu flower and mandarin peel; CTx, cross-linked C-telopeptides
of bone collagen; NTx, cross-linked N-telopeptide of bone collagen; OC, osteocalcin; BALP, bone-specific
alkaline phosphatase.

3.4. Associations between HF Scores and Bone Turnover Markers

Associations between HF scores and bone turnover markers were tested using multivariable
linear regression. The results showed significant inverse correlations between the changes in HF
score and OC (r = −0.264, p = 0.031), as well as those in HF severity and OC (r = −0.228, p = 0.056).
In parallel with these results, the changes in CTx were positively correlated with those in HF score and
HF severity, although they did not reach statistical significance (Figure 3).

Figure 3. Associations between differential scores and bone turnover markers. CTx was positively
correlated with HF scores (a) and HF severity (b), while OC was negatively correlated with HF scores (c)
and HF severity (d). Dots are experimental points (KM: black circles, placebo: empty circles), and the
continuous line indicates the straight-line fit by linear regression. KM, an extract mixture of kudzu flower
and mandarin peel; HF, hot flashes; CTx, cross-linked C-telopeptides of bone collagen; OC, osteocalcin.
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4. Discussion

The results of this randomized controlled clinical trial involving 84 peri- and post-menopausal
women with moderate HFs support the hypothesis that KM might be an effective intervention for
achieving reductions in HFs and improvements in bone turnover markers, as compared with the
placebo. Another significant outcome of this clinical trial was the verified safety of KM. High-dose
consumption of some isoflavones was shown to increase the risks of endometrial hyperplasia because
of a high ER-binding affinity [34]. Therefore, we measured endometrial thickness and observed vital
signs in all participants to provide precautionary measures and suggestions. As a result, we confirmed
no difference in the incidence of adverse events between the two groups. These data provide additional
support for the safety of KM use [27,28]. Kim et al. [35] presented an in vitro study highlighting
a potential role of kudzu flower extract as an anti-endometriotic agent with inhibition against
endometriotic cell adhesion and migration. In a mouse model of menopause, Sternlicht et al. [36]
showed that kudzu flower extract exerted a noticeable down-regulation of matrix metalloproteinase,
which regulates migration, invasion, and proliferation of various cells.

Although not fully understood, estrogen withdrawal is thought to trigger several neuroendocrine
pathways in humans, ultimately causing thermoregulatory dysfunction in the hypothalamus. As the
thermoregulatory zone becomes lower and narrower in menopausal women, a small change in core
body temperature may trigger the heat loss mechanisms, leading to HF symptoms [37]. In the present
study, the KM and placebo groups showed a 60.1% and 50.9% reduction in HF score and a 40.0% and
26.3% reduction in HF severity, respectively, from baseline to the end of treatment. These rates of
reduction in HF score and severity are comparable or better than those achieved through non-hormonal
interventions, including soy isoflavones, black cohosh, and red clover [38]. It is reported that a mixture
of tectorigenin derivatives dramatically reduces the OVX-induced rise in tail skin temperature in
mice [17]. Tectorigenin derivatives are unique isoflavones found in kudzu flower but not in soy [39].
Hence, KM’s potential as an effective non-hormonal alternative for the management of menopausal
HFs might be attributed to the presence of tectorigenin derivatives. Additionally, we extended our
findings to compare the impact of KM on the day and night HF outcomes using a heat map. Results
showed a better improvement in night-time HFs than daytime HFs. This observation suggests that
KM might also improve sleep quality in individuals with night-time HFs but needs further study.

The measurement of HFs can present unique methodologic challenges due to intangible and
subjective characteristics [27]. Traditional retrospective summative HF diaries are inaccurate measures
of actual HF status because of the subject’s memory capacity limitations and the influence of mood on
symptom reporting [28]. We thus decided to use prospective electronic digital diaries over 12 weeks
from 7 days before treatment. This approach is not only a cost-effective data acquisition scheme but also
relatively more precise in quantifying HFs because it reduces the limitations of recall [28]. Furthermore,
the current study supplemented the severity and frequency data of menopausal symptoms with the
self-administered questionnaires to monitor quality-of-life as a treatment outcome. Although the
results demonstrated similar improvements, there were no significant differences between the two
groups. The failure of statistical significance is likely due to both the less frequent measurement
intervals and the higher dependence on subjective perception compared with the electronic digital
diaries. Moreover, although validated, the KI and MenQOL have weaknesses, such as limited focus
and lack of psychometric assessments [40].

The onset of menopausal HFs is associated with various adverse disease risk factors [41]. In the
current study, we explored the associations between HFs and bone turnover markers because estrogen
deficiency in menopause is related to rapid bone loss [42]. Notably, the changes in HFs were positively
correlated with those in CTx and negatively correlated with those in OC. That is, there seemed to
be higher bone resorption and lower bone formation among subjects with more HFs. These results
were supported by earlier animal studies where KM, tectorigenin derivatives, and hesperidin were
all effective in down-regulating receptor activator of nuclear factor κB ligand (RANKL) in OVX
mice [17,18]. RANKL is a transmembrane ligand expressed on osteoblasts, which activates RANK in

41



Nutrients 2020, 12, 3237

osteoclasts and triggers osteoclast maturation and bone resorption [43]. Other studies also indicated
the inhibitory activities of tectorigenin derivatives against RANKL-induced osteoclastogenesis [44,45],
and a preventive role of hesperidin against bone loss in OVX animals [16,46]. However, mixed results
have been reported regarding the association between HFs and BMD in humans. Salamone et al. [47]
observed a noticeably lowered BMD in the spine, hip, and whole body in 290 women reporting HFs.
Similarly, Lee and Kanis [48] showed a positive association between VMS and vertebral fractures.
In contrast, Scoutellas et al. [49] found no association between VMS and vertebral fractures in
post-menopausal women aged 50–64 years. It was suggested that these conflicting results might
originate from differences in subject ages, use of hormone therapy, or recall period [50].

Limitations of this study include that we did not measure levels of serum serotonin and epinephrine,
which are thought to play an important role in thermoregulatory function. We also did not measure
the levels of RANKL gene expression responsible for the bone turnover function. As a result, direct
mechanisms of action of KM in relieving HFs and bone turnover were not fully understood. Nonetheless,
this randomized controlled trial provides a novel finding that KM appears to alleviate HFs during
the menopausal transition. The KM was well-tolerated in this study. Besides, this study had many
strengths. First, we included peri- and post-menopausal women because of the peak in HF severity
during the latter part of the menopausal transition near the final menstrual period [51]. Second, HF
data were collected prospectively using electronic digital diaries, and daytime and night-time HFs
were also analyzed separately. Third, the intervention lasted for 12 weeks, which is a relatively longer
follow-up than most of the other studies [52]. Lastly, KM has been authenticated by chemical analysis
of three tectorigenin derivatives and hesperidin.

5. Conclusions

In conclusion, given the positive effects of KM on HFs and bone turnover and the favorable side
effect profile, supplementation with a KM dose of 1150 mg/day seems to be an acceptable option
for reducing HF symptoms, as well as improving bone turnover, compared with the placebo group,
during the menopausal transition. Future studies are needed to investigate the underlying mechanisms
behind the effects and synergistic interactions between tectorigenin derivatives and hesperidin on HFs
and bone turnover.
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Abstract: This study investigated the nutritional factors that are associated with anxiety and
depressive symptoms in Japanese middle-aged and elderly women. We conducted a cross-sectional
study with 289 study participants aged ≥40 years (mean age = 52.0 ± 6.9 years). Their dietary habits,
menopausal status and symptoms, and varied background factors, such as body composition, lifestyle
factors, and cardiovascular parameters, were assessed. Their anxiety and depressive symptoms were
evaluated using the Hospital Anxiety and Depression Scale (HADS), where scores of 0–7 points,
8–10 points, and 11–21 points on either the anxiety or depression subscales were categorized as
mild, moderate, and severe, respectively. The dietary consumption of nutrients was assessed using a
brief self-administered diet history questionnaire. The relationships between the moderate-to-severe
anxiety/depressive symptoms and the dietary intake of 43 major nutrients were investigated using
multivariate logistic regression analyses. After adjusting for age, menopausal status, and the
background factors that were significantly related to depressive symptoms, moderate and severe
depression was significantly inversely associated with only vitamin B6 (adjusted odds ratio per
10 μg/MJ in vitamin B6 intake = 0.89, 95% confidence interval = 0.80–0.99). A higher intake of vitamin
B6 could help relieve depressive symptoms for this population.

Keywords: depression; anxiety; menopause; mental disorder; pyridoxal 5′-phosphate

1. Introduction

Depression and anxiety are common mental disorders. According to the World Health
Organization, the estimated number of people globally who have depression and anxiety has
increased by 18.4% and 14.9%, respectively, over the last ten years, totaling more than 300 million
and 250 million, respectively [1]. Women are more likely to have mental disorders than men [1].
Large fluctuations of the serum estrogen level in the premenstrual, postpartum, and perimenopausal
periods contribute to mood changes [2,3]. An increased risk for mental disorders, including depression,
is observed during the menopause transition [4,5]; additionally, the early menopause transition
and early menopause are significant risks for depression, which indicates that a short duration
of exposure to endogenous estrogens can increase the risk for late-life depression [6,7]. Estrogen
plays neuroprotective, anti-depressive, and anti-anxiety roles via the regulation of serotonergic and
noradrenergic systems [8]; however, the associations between psychological symptoms and absolute
serum sex hormone levels are inconsistent [3,9]. Additionally, several reports have demonstrated
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the beneficial effects of hormone replacement therapy (HRT) on mood symptoms [10–12], while a
randomized controlled trial covering a wide age range of postmenopausal women failed to show the
effects of HRT on depressive disorders [13].

Furthermore, as there are increasing concerns about the side effects of HRT associated with
cardiovascular diseases and hormone-sensitive cancers, such as breast, endometrial, and ovarian
cancer, expectations for a complementary form of therapy are growing. Several reports have shown
the association between specific nutrients, such as thiamine, folate, vitamin B6 and B12, zinc, and iron,
and mental health [14,15]; however, the psychological effects of dietary intake of various nutrients
remain largely unknown, especially in peri- and postmenopausal women. This study thus investigated
the associations between anxiety/depressive symptoms and dietary consumption of nutrients in
Japanese middle-aged and elderly women.

2. Materials and Methods

2.1. Study Population

This cross-sectional analysis of 700 Japanese women who had enrolled in the Systematic Health and
Nutrition Education Program at the menopause clinic of the Tokyo Medical and Dental University was
conducted based on the first-visit medical records from January 2009 to August 2017. All participants
who registered in this program had sought medical attention for menopausal symptoms and had been
provided improvement strategies based on the assessment of their physical and psychological health
status and lifestyle.

We evaluated women’s anxiety/depressive symptoms using the Hospital Anxiety and Depression
Scale (HADS) and their dietary habits using a brief self-administered diet history questionnaire (BDHQ).
A total of 313 participants who had failed to complete the HADS and/or BDHQ, 46 participants who
had been treated with estrogen, four participants who were aged <40 years, and 48 participants whose
menopausal status was uncertain were excluded. For the remaining 289 women, the associations
between anxiety/depressive symptoms and the dietary intake of nutrients were evaluated.

This study protocol was reviewed and approved by the Tokyo Medical and Dental University
Review Board (approval number: 774) and written informed consent was obtained from all participants.
The research was performed in accordance with the Declaration of Helsinki.

2.2. Measurements

2.2.1. Menopausal Definitions

The women were defined as premenopausal if they had regular menstrual cycles, in the menopausal
transition if they had menstruated within the past 12 months but had missed periods or had an
irregular cycle in the past 3 months, and postmenopausal if they had not menstruated in the past
12 months. The postmenopausal women with surgically induced menopause via a hysterectomy
and/or oophorectomy were excluded as their menopausal status was unclear.

2.2.2. Physical Assessment

Participants’ body composition variables, including height, weight, body mass index, body fat
percentage, fat mass, lean body mass, muscle mass, water mass, and basal metabolic rate, were measured
using a bioimpedance analyzer (MC190-EM; Tanita, Tokyo, Japan). Waist and hip circumferences
were measured to calculate the waist-to-hip ratio, and body temperature was measured with a
thermometer. Resting energy expenditure was also determined based on the respiratory volume
using an indirect calorimeter (Metavine-N VMB-005 N; Vine, Tokyo, Japan). Moreover, cardiovascular
parameters, including systolic and diastolic blood pressure, heart rate, cardio-ankle vascular index,
and ankle-brachial pressure index, were evaluated using a vascular screening system (VS-1000; Fukuda
Denshi, Tokyo, Japan). Additionally, we utilized a physical fitness test to assess power, reaction time,
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and flexibility. Hand-grip strength was measured twice for each hand with a hand dynamometer
(Yagami, Nagoya, Japan) and the mean value (kgf) was calculated using the larger value of the two
measurements. The ruler drop test, which is an assessment of reaction time, was repeated seven times
using a wooden ruler that was 60 cm in length and 110 g (Yagami, Nagoya, Japan). Participants fixed
their arms on a desk and outstretched their fingers from the edge of the desk, while the bottom of
the ruler was hung from between the thumb and index finger of an examiner; the participants then
attempted to catch the ruler as quickly as possible when it was dropped. Where the participants
gripped the ruler was evaluated, and the average reaction time (cm) was calculated from the remaining
five values after the largest and smallest values were omitted. The sit-and-reach test for assessing
flexibility was conducted with a reach box while sitting (Yagami, Nagoya, Japan).

2.2.3. Lifestyle Factors

We investigated lifestyle characteristics, such as the frequency of smoking (none, fewer than 20
cigarettes per day, or 20 or more cigarettes per day), consumption of alcohol (never, sometimes, or daily),
and caffeinated drinks (none, once or twice per day, or three or more times per day), and regular
exercise habits (yes or no).

2.2.4. Questionnaires

The HADS, which is a widely used screening instrument for anxiety and depression, was developed
to evaluate the mental health of patients with somatic symptoms [16]. It consists of seven items
across two subscales: anxiety and depression. Anxiety is assessed using feeling states: feeling tense,
restless, or panicky; feeling something awful will happen; having worrying thoughts; feeling unable
to relax; having butterflies in one’s stomach. Furthermore, depression is evaluated using anhedonia:
unable to enjoy things, unable to laugh and see the funny side, not feeling cheerful, feeling slowed
down, having lost interest in one’s appearance, unable to look forward to things, and unable to enjoy
a book or TV. Each item is scored on a four-point Likert scale. Cut-off points to identify doubtful
and definite cases for anxiety or depression are 8 and 11 points, respectively. In the present study,
scores of 0–7 points, 8–10 points, and 11–21 points were classified as mild, moderate, and severe
anxiety/depression, respectively.

The BDHQ, a short version of a self-administered diet history questionnaire that was developed
in Japan, is composed of 77 questions and takes approximately 15 min to answer. The BDHQ was used
to assess the intake frequency of 61 food items that are commonly consumed in Japan, mainly from
the food list used in the National Health and Nutrition Survey of Japan [17], including beverages
and seasonings, in the preceding month. Using an ad hoc computer algorithm for estimating the
daily intake of nutrients and food after an adjustment for total calorie intake, the consumption of
96 nutrients and 58 food items was calculated. The estimated intake of nutrients and food items
based on the BDHQ has previously been validated via a comparison with dietary records using a
semi-weighted method [18,19]. In this study, we investigated the association between anxiety and
depressive symptoms and 43 major nutrients with high validity (Table S1).

We also evaluated the women’s health using the Menopausal Health-Related Quality of
Life Questionnaire (MHR-QOL). The MHR-QOL, which is a modification of the Women’s Health
Questionnaire and others [20–22], was developed and validated in our clinic [23–26] and comprises four
categories: physical health, psychological health, life satisfaction, and social involvement (Table S2).
The items for physical and psychological symptoms are scored using a four-point Likert scale based
on the symptom frequencies. According to the degree of agreement or disagreement, life satisfaction
and social involvement were assessed using a two- or four-point Likert scale. We pooled the scores
for somatic symptoms (6 items), vasomotor symptoms (2 items), insomnia symptoms (2 items),
life satisfaction (5 items), and social involvement (12 items), to evaluate the score for each subcategory.
A low score represented severe symptoms and low levels of life satisfaction and social engagement.
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Lastly, we assessed psychotropic medication use, including hypnotics, anxiolytics, and antidepressants,
based on medical interview responses.

2.3. Statistical Analysis

Continuous variables are presented as mean ± standard deviation. The required sample size
was calculated as follows: 10 times the number of independent variables divided by the prevalence
of anxiety or depressive symptoms, which were estimated to be 8 and 0.4, respectively, was 200.
The comparison between groups was performed using the Kruskal–Wallis and the chi-squared tests.
Cut-off points for the identification of multicollinearity were determined using a Pearson or Spearman
correlation coefficient of r > 0.9. The nutrients and background factors associated with anxiety or
depressive symptoms were evaluated using a stepwise regression procedure with a threshold of p = 0.1
and p = 0.05 for variable inclusion and exclusion, respectively. The analysis was conducted with a
multivariate logistic regression model to clarify the relationships between the severity of anxiety and
depressive symptoms and the selected nutrients. Significance was set at p < 0.05. All analyses were
performed with GraphPad Prism version 5.02 (GraphPad Software, San Diego, CA, USA) and JMP
version 12 (SAS Institute Inc, Cary, NC, USA).

3. Results

The participants’ (n = 289) mean age was 52.0 ± 6.9 years. The prevalence of mild, moderate, and
severe anxiety was 54.0%, 28.7%, and 17.3%, respectively, and that of depression was 61.6%, 25.6%,
and 12.8%, respectively. The participants’ background characteristics are shown in Tables 1 and 2.
The participants with severe anxiety/depressive symptoms had a low quality of life according to
the assessment using the MHR-QOL and were less frequently engaged in exercise. Moreover,
the participants with severe depressive symptoms were younger than those with mild symptoms.
There was no significant difference in body composition or the physical fitness test between the three
severity groups.

First, we assessed the daily intake of 43 nutrients; then, we investigated the nutritional intake,
which differed significantly between the three anxiety/depression severity groups. The intake of 10 and
22 nutrients showed significant differences between the three groups of anxiety and depression severity,
respectively (Table 3 and Table S3). Similarly, the background factors related to the severity of anxiety
and depressive symptoms were investigated. The factors that were significantly related to anxiety were
insomnia and depression scores, while the factors associated with depression were life satisfaction,
social involvement, and anxiety scores. Next, to identify the independent variables among these
nutrients related to the severity of anxiety/depressive symptoms, a stepwise regression analysis was
performed after eliminating multicollinearity. We found that the severity of both anxiety and depressive
symptoms was only significantly associated with the intake of vitamin B6. Finally, a multivariate
logistic regression analysis was performed to identify the independent relationships between the daily
intake of vitamin B6 and moderate-to-severe anxiety/depressive symptoms. After adjusting for age,
menopausal status (model 2), and background factors that were significantly related to the severity of
anxiety/depressive symptoms (model 3), the intake of vitamin B6 was significantly associated with
moderate-to-severe depression (model 2: adjusted odds ratio (AOR) per 10 μg/MJ in vitamin B6
intake = 0.91, 95% confidence interval (CI) = 0.85–0.97; model 3: AOR = 0.89, 95% CI = 0.80–0.99),
while there was no significant relationship between the intake of vitamin B6 and the severity of anxiety
after adjusting for the background variables (AOR = 0.97, 95% CI = 0.90–1.04; Table 4).
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Table 4. Associations between the daily intake of vitamin B6 (10 μg/MJ) and anxiety and
depressive symptoms.

Model
Anxiety Depressive

OR 95% CI p-Value OR 95% CI p-Value

Model 1 0.93 0.88–0.98 0.004 0.89 0.84–0.94 <0.001
Model 2 0.93 0.88–0.99 0.016 0.91 0.85–0.97 0.002
Model 3 0.97 0.90–1.04 0.407 0.89 0.80–0.99 0.041

OR—odds ratio, CI—confidence interval. Model 1: unadjusted model. Model 2: multivariate logistic regression
model, adjusted for age and menopausal status. Model 3: multivariate logistic regression model, adjusted for age,
menopausal status, and the background factors related to the severity of the anxiety/depressive symptoms (insomnia
and depression scores/life satisfaction, social involvement, and anxiety scores).

4. Discussion

In our cross-sectional analysis, the severity of depressive symptoms was significantly inversely
associated with the dietary intake of vitamin B6 in Japanese middle-aged and elderly women.
Vitamin B6, which comprises six chemical compounds (pyridoxine, pyridoxamine, pyridoxal, and their
phosphorylated derivatives pyridoxine 5′-phosphate, pyridoxamine 5′-phosphate, and pyridoxal
5′-phosphate (PLP)), is richly contained in red pepper, garlic, nuts, fish, and meats. PLP, the most
active form, serves as an enzymatic cofactor in more than 140 different biochemical reactions, such as
those involving amino acids, neurotransmitters, heme biosynthesis, fatty acid metabolism, and glycogen
breakdown [27,28].

It is well known that neurotransmitters, such as serotonin, dopamine, norepinephrine,
γ-aminobutyric acid, and glutamate, play a critical role in the development of psychiatric disorders,
and their receptors could be potential therapeutic targets for the treatment of psychoneurological
symptoms. Abundant reports have shown that the dysregulation of monoamine systems contributes to
anxiety and depressive disorders [29,30]. Serotonin is synthesized from tryptophan by PLP-dependent
dopa decarboxylase, and dopamine and norepinephrine production are also required for the catalysis
of PLP-dependent dopa decarboxylase. Decreased vitamin B6 (PLP) could be associated with
monoamine depletion and impaired neurotransmission. Furthermore, the kynurenine pathway
involving two PLP-dependent enzymes, which is a major tryptophan metabolic pathway, is associated
with depression [31]. The disturbance of the balance between the neuroprotection and neurotoxicity of
kynurenine pathway metabolites—i.e., kynurenines, such as kynurenic acid and quinolinic acid—plays a
key role in the development of depression [32]. It is supposed that PLP-dependent kynureninase
is more sensitive to PLP deficiency than is the PLP-dependent kynurenine aminotransferase;
thus, PLP deficiency reduces kynureninase activity first [33,34]. Therefore, kynurenic acid,
3-hydroxykynurenine, and xanthurenic acid could increase, although, the changes in the plasma
and urinary levels of kynurenines via vitamin B6 depletion are inconsistent [33–35]. Kynurenic
acid inhibits N-methyl-D-aspartate receptors and alfa-acetylcholine receptors in the central nervous
system [36,37], leading to a decline in the extracellular levels of acetylcholine, glutamate, and dopamine.
Additionally, 3-hydroxykynurenine, which is a redox-active metabolite, is neurotoxic through
generating reactive oxygen species and eventually induces apoptosis [38], while xanthurenic acid acts
as a metabolic glutamate 2/3 receptor agonist, which could improve positive and negative symptoms
in schizophrenia [39]. Vitamin B6 depletion might cause a dysregulated neurotransmitter system and
neural dysfunction through imbalances of tryptophan metabolites via kynurenine.

There are several reports on the association between vitamin B6 and depression. Hvas and
colleagues showed that low plasma levels of PLP were related to depressive symptoms in 140 study
participants [40]. A seven-year longitudinal study of 3503 adults aged ≥65 years demonstrated that a
higher total intake of vitamin B6 (dietary and supplementary intake) was related to a lower likelihood of
depression [41]. Moreover, a higher dietary intake of vitamin B6 was associated with a lower incidence
of depression among women in a three-year longitudinal study of 1793 adults aged ≥68 years [42].
Additionally, a few systematic reviews of the effects on mood of vitamin B6 alone, or a combinative
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intervention of vitamins and minerals, such as folate, vitamin B12, vitamin C, vitamin D, magnesium,
calcium, and iron, on mood supported the idea that supplementation with B6 vitamins could relieve
mood symptoms. For example, Williams and colleagues reported the beneficial effects of vitamin
B6 supplementation on depression among premenopausal women [43]. Young and colleagues also
revealed that the supplementation of B vitamins might alleviate mood symptoms in healthy adults
and adults at risk for mental disorders [44].

In contrast, several randomized controlled trials failed to find significant effects due to a
combinative intervention of B vitamins, including vitamin B6, on mood symptoms [45–47]. In the
current study, the mean daily vitamin B6 intake was smaller than the recommended dietary allowance
only in the severe depressive group [48], which might affect our results. Further studies should be
conducted to determine the exact effects of vitamin B6 as an independent treatment.

The major limitations of our study were the relatively small sample size and uncertain causal
relationship owing to its cross-sectional nature. It may not be appropriate to generalize our findings to
a wider population. We did not investigate the serum levels of vitamin B6, although we estimated
the daily intake of vitamin B6 using the BDHQ. Therefore, it was uncertain whether the severity
of depression was related to serum vitamin B6 levels. Furthermore, the BDHQ, which is a method
based on food recall to determine the frequency of food eaten, provided information only for the 61
listed foods and beverages. In addition, a potential contributor to mood, namely, the use of dietary
supplements, was not assessed. The use of dietary supplements, such as vitamins (B1, B2, B6, C,
and E) and minerals (calcium and iron), has been estimated at only 7.7% in Japanese women [49].
Nevertheless, the dietary intake in this study did not represent the total nutrient intake.

Nonetheless, our study has several strengths and novel features. As many as 43 nutrients and
various background factors, including physical and psychological health status, life satisfaction,
and social involvement, were analyzed simultaneously. Therefore, we found that the intake of vitamin
B6 was independently associated with the severity of depressive symptoms. To the best of our
knowledge, this is the first report on the relationship between the intake of vitamin B6 and depressive
symptoms as a result of an analysis of various nutrients.

In conclusion, moderate-to-severe depressive symptoms were associated with a lower dietary
intake of vitamin B6 in Japanese middle-aged and elderly women. A higher intake of vitamin B6 could
help relieve depressive symptoms in this population.
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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.

Nutrients 2020, 12, 3757; doi:10.3390/nu12123757 www.mdpi.com/journal/nutrients
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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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index (mKMI) severity grading (including a moderate or a lower score in some cases), and subjective
symptoms of hot flushes. The exclusion criteria were as follows: those affected by disease; taking regular
medication; receiving regular outpatient treatment at a medical facility or visited a hospital within one
month prior to the pre-examination; taking HRT; taking medication that may interfere with hormones;
regularly taking supplements that affect menopausal symptoms; regularly taking functional foods
and supplements that have been shown to be effective in improving sleep; pregnant, breastfeeding,
or willing to become pregnant during the study period; smokers; unable to follow the dietary restrictions
during the study period; known to have a past or current history of allergies; leading irregular lifestyles;
or deemed unfit for enrollment by the physician in charge or by the principal investigator due to other
causes. During the study, subjects limited their coffee intake to one cup per day. Written informed
consent was obtained from all subjects before the commencement of the study.

Figure 1 shows the flow from subject enrollment to analysis. Of the 90 recruited subjects,
82 participated in the study. These subjects were randomly assigned to two groups, the CGA group and
the placebo group, using stratified randomization to ensure that the subjects were equally distributed
(n = 41 subjects per group) according to the number of hot flushes, severity of menopausal symptoms,
age, and menstrual status as identified in the pre-survey.

Figure 1. Flow diagram of the study from subject enrollment to analysis. CGA, chlorogenic acid.

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).

Placebo CGA Test Statistic

n = 38 n = 39

Age (years) 48.2, 51.0, 55.0 (51.4 ± 4.3) 48.0, 51.0, 54.5 (51.3 ± 4.6) F1.75 = 0, p = 0.992 1

Height (cm) 155.0, 159.5, 162.0 (158.4 ± 5.0) 155.5, 158.0, 162.0 (158.5 ± 4.7) F1.75 = 0.02, p = 0.899 1

Body weight (kg) 49.2, 54.5, 60.0 (55.0 ± 7.2) 51.0, 55.0, 59.0 (54.9 ± 6.9) F1.75 = 0.01, p = 0.932 1

BMI (kg/m2) 19.6, 21.7, 23.7 (22.0 ± 3.1) 19.9, 21.3, 23.2 (21.9 ± 2.8) F1.75 = 0.03, p = 0.872 1

mKMI total score 17.2, 22.0, 27.8 (23.1 ± 8.0) 16.0, 22.0, 27.5 (22.5 ± 8.0) F1.75 = 0.12, p = 0.731 1

Menopause Status χ2
3 = 1.25, p = 0.742 2

Premenopausal 16% (6) 15% (6)
Perimenopausal 32% (12) 36% (14)
Postmenopausal 53% (20) 46% (18)

Missing 0% (0) 3% (1)

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.

63



Nutrients 2020, 12, 3757

The mKMI score was also presented as mean ± SE. Lastly, the data from the questionnaire on the
various symptoms were compared between groups using the Wilcoxon rank-sum test.

Statistical analyses were conducted using R statistical software and environment (version 4.0.1).
All statistical analyses were double-sided. p < 0.05 was considered to indicate statistically
significant differences.

3. Results

3.1. Number of Hot Flushes and Sweats

At week 0, the weekly mean ± SD of the number of hot flushes in the subjects was 9.4 ± 10.8 in the
placebo group (n = 38) and 10.2 ± 11.6 in the CGA group (n = 39). The weekly average of the entire
analytical dataset (n = 77) was 9.8 ± 11.1, which indicates that the daily mean for hot flushes at the
start of the study was 1.4 ± 1.6. In week 4, the average weekly hot flushes decreased to 4.2 ± 7.6 in the
placebo group and 3.7 ± 5.1 in the CGA group. The frequency of sweats also decreased from 6.1 ± 6.8
(week 0) to 2.8 ± 4.5 (week 4) in the placebo group and from 9.6 ± 10.8 (week 0) to 3.5 ± 4.5 (week 4) in
the CGA group.

The results of the statistical analysis, after excluding those with missing data at week 4, showed a
significant difference in the mean weekly number of hot flushes between the CGA and placebo groups
(Figure 2a). The p-values between the groups in terms of the weekly number of hot flushes at week 1,
2, 3 and 4 were 0.433, 0.017, 0.022, and 0.030, and the false discovery rate (FDR)-adjusted p-values,
i.e., q-values, were 0.433, 0.040, 0.040, and 0.040, respectively. The results of the subgroup analysis
according to menopausal status are shown in the Supplementary Materials (Figure S1). We found no
significant differences in the mean weekly number of sweats between groups (Figure 2b). The p-values
between the group of the weekly number of sweats at week 1, 2, 3 and 4 were 0.387, 0.823, 0.451,
and 0.579, and the q-values were 0.772, 0.823, 0.772, and 0.772, respectively.

Figure 2. The estimated number of (a) hot flushes and (b) sweats per week (times/week). Error bars
represent standard errors. p-values are the results of the comparison between groups at week 4.
# represents p < 0.05 between groups. * represent p < 0.05 within groups. Numbers for weeks 1,
2, 3, and 4 were estimated using the Poisson regression model with adjustment of week 0 number.
Participants with missing values were excluded. CGA, chlorogenic acid.

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
compared to week 0 (baseline); the data of three subjects were excluded due to recording errors in either
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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.

 
Figure 3. Change in the visual analogue scale (VAS) measurements of hot flushes and sweats compared
to week 0: hot flushes during (a) the daytime and (b) sleep; sweats during (c) the daytime and (d) sleep.
The comparison was assessed using the Wilcoxon rank-sum test. * p < 0.05. There was one subject
in the chlorogenic acid (CGA) group with missing data for the VAS measurements at week 0. CGA,
chlorogenic acid.

3.3. Menopausal Symptoms

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
at week 0. Therefore, we conducted a statistical test focusing on the change in the proportion of grade I
or II mKMI. Although improvements in menopausal symptoms were observed over time in both the
placebo and CGA groups, the improvement was faster in the CGA group than in the placebo group,
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with a significant difference demonstrated between the groups at week 2 according to the Wilcoxon
rank-sum test.

Figure 4. Severity grading based on the modified Kupperman menopausal index scores: (a) placebo
and (b) CGA. 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. Comparisons between placebo vs. CGA were p = 0.906, p = 0.016, and p = 0.173 for weeks 0, 2,
and 4, respectively, as assessed by a logistic regression model with a threshold score between 22 and 23.
Numbers in parentheses indicate frequencies. CGA, chlorogenic acid.

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
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
compared to the initial values in both groups; however, no significant difference 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.

Baseline Change from Baseline at Week 4 Difference of Change

Placebo CGA Placebo p-Value CGA p-Value p-Value

n = 38 n = 39 n = 38 Within Groups n = 39 Within Groups Between Groups

SF-8
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
MCS-8 score 44.6 ± 1.3 44.7 ± 1.3 4.7 ± 1.1 <0.001 * 3.5 ± 1.2 0.004 * 0.308

STAI
State anxiety 45.7 ± 1.7 46.5 ± 1.6 −4.8 ± 1.5 0.003 * −4.5 ± 1.3 0.002 * 0.560
Trait anxiety 50.2 ± 1.9 48.4 ± 1.7 −4.6 ± 1.1 <0.001 * −4.0 ± 1.1 0.004 * 0.465

Summary statistics are presented as mean ± standard error. p-values were derived by Wilcoxon rank-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
strongly associated with physical and mental disorders such as insomnia and anxiety, and there are
various theories regarding the mechanism underlying their development. We focused on CGAs,
dietary nutrients that affect sleep, autonomic nervous system activity, and vascular endothelial function,
which are the factors involved in hot flushes, and investigated whether CGAs can reduce the frequency
and severity of hot flushes.
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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 peri-
and 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.
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Abstract: Middle-aged and elderly women are affected by various symptoms and diseases induced
by estrogen deficiency. Proanthocyanidins, widely present in many kinds of fruits and berries,
have many beneficial effects, such as antioxidative, anti-inflammatory, and antimicrobial activities.
We researched the effects of proanthocyanidins for middle-aged and elderly women, finding that it
has been revealed in many clinical trials and cohort studies that proanthocyanidins contribute to the
prevention of cardiovascular disease, hypertension, obesity, cancer, osteoporosis, and urinary tract
infection, as well as the improvement of menopausal symptoms, renal function, and skin damage.
Thus, proanthocyanidins can be considered one of the potent representatives of complementary
alternative therapy.

Keywords: proanthocyanidin; middle-aged; women; menopause; cardiovascular disease; grape
seed; cranberry

1. Introduction

Menopause results from reduced secretion of the ovarian hormones estrogen and progesterone,
which takes place as the finite store of ovarian follicles is depleted. Women in the menopausal
transition and postmenopausal period are affected by vasomotor symptoms, urogenital atrophy,
sexual dysfunction, somatic symptoms, cognitive difficulty, sleep disturbance, and psychological
problems. Some of these effects such as vasomotor symptoms are closely associated with estrogen
deficiency, but the exact mechanisms underlying the other symptoms are not fully understood [1].
Postmenopausal women are also at increased risk for cardiovascular morbidity [2] as a net effect
of central obesity [3], dyslipidemia [4], hypertension [5], and diabetes [6] partly induced by
estrogen deficiency.

Flavonoids are a class of polyphenolic compounds with significant human health benefits [7].
Some of the flavonoids such as the flavan-3-ols catechin and epicatechin polymerize to form tannins.
Tannins are plant secondary metabolites that can be hydrolysable or condensed. The condensed
tannins are also known as proanthocyanidins [8,9]. They are widely present in the plant kingdom,
for example, in fruits, berries, nuts, seeds, and bark of pine trees [10–12]. Proanthocyanidins are
oligomers or polymers of flavan-3-ols, where the monomeric units are linked mainly by C-4 to C-8
bonds, although less frequently C-4 to C-6 linkages can also be found. These types of linkages lead
to the formation of the so-called B-type proanthocyanidins. A-type proanthocyanidins, on the other
hand, are characterized by an additional bond between C-2→ C-7 of the basic flavan-3-ol units [13].
Proanthocyanidins are composed of different flavan-3-ol subunits, known as proanthocyanidin
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monomers or catechins. The most common monomeric units are the diastereomers of (epi)catechin,
(epi)afzelechin, and (epi)gallocatechin (Figure 1).

Figure 1. Basic chemical features of A-and B-type proanthocyanidinsand their monomeric units.

In recent years, considerable attention has been paid to proanthocyanidins due to the potential
beneficial effects on human health, including antioxidative, cardio-protective anti-inflammatory,
and anticancer properties [13–16]. Some reviews have also been published on the effects of
proanthocyanidins [9,13], however, there still seems to be no reviews on the effects for middle-aged
and elderly women. This review therefore aims to highlight aspects of the effects of food-derived
proanthocyanidins for middle-aged and elderly women’s health.

2. Search Strategy and Study Selection

A literature search of all English language studies published was performed using PubMed
(http://www.ncbi.nlm.nih.gov/pubmed) with the addition of other scientific papers of relevance found
in web sources or in previously published reviews. The search terms and strategy used for the study
selection were (proanthocyanidins OR procyanidins OR flavan 3-ol polymers) AND (women OR
female) AND clinical trials. Human studies were used as further criteria for the literature search.
The search was limited to the last 20 years of publication. We conducted the literature search in the
scientific databases and assessed and verified the eligibility of the studies on the basis of the title
and abstract. Inclusion criteria: (i) randomized controlled trials (RCT), randomized cross-over trials,
quasi-randomized controlled trial (qRCT); (ii) long-term (over 6 months) clinical trials; (iii) prospective,
cohort, and case-control studies. The exclusion criteria were (i) studies performed in only male
or only under 40-aged women; (ii) studies analyzing the relationship between other polyphenols
(not proanthocyanidins) and the occurrence of disease; (iii) studies performed in in vitro or in animal
models; (iv) studies reporting data on the disease that is not related to middle-aged and elderly women;
and (v) published articles in a language different from English and with no accessible translation.

3. Results

Table 1 is a summary showing current evidence of studies regarding the effects of
proanthocyanidins for middle-aged and elderly women. We report the detail results in each field as
follows: menopausal disorders, cancer, hypertension, cardiovascular disease, obesity, osteoporosis,
urinary tract infection, renal function, and skin damage. In addition, we unfortunately could not find
any reports on the effects of the disease that increase in the postmenopausal period, such as osteoarthritis,
dyslipidemia, cognitive impairment, overactive bladder, urinary incontinence, vulvovaginal atrophy.
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3.1. Menopausal Disorders

In a randomized, double-blind, placebo-controlled study in Japanese women aged 40 to 60 years
who received grape seed proanthocyanidins for 8 weeks, Terauchi et al. evaluated the effect for
menopausal symptoms. The mean physical symptom score for the nine items in the physical health
domain of the Menopausal Health-Related Quality of Life (MHR-QOL) questionnaire significantly
improved in the high-dose (200 mg proanthocyanidins/day) group after 8 weeks of treatment (p < 0.05).
The mean score for hot flashes similarly improved in the high-dose group after 8 weeks (p < 0.05).
In the case of changes in psychological symptoms, the mean (Hospital Anxiety and Depression
Scale (HADS)-Depression subscale score did not change significantly in any group, whereas the
mean HADS-Anxiety subscale score improved in both low-dose (100 mg proanthocyanidins/day)
and high-dose groups after 4 weeks of treatment. The change in HADS-Anxiety subscale score from
baseline to 8 weeks was significantly higher in the high-dose group than in the placebo group (p < 0.05).
The mean Athens Insomnia Scale also improved in the high-dose group after 8 weeks [17]. Pine bark
extract proanthocyanidins have been evaluated for improvement of climacteric symptoms in two
separate clinical studies. A relatively low daily dosage of pine bark extract proanthocyanidins were
found to be especially effective for improving vasomotor and insomnia/sleep problem symptoms,
which were significantly better after 4 and 12 weeks than with placebo in perimenopausal Taiwanese
women (p < 0.05). Total Kupperman’s index for perimenopausal symptom severity score decreased
significantly compared to placebo after 12 weeks of treatment (p < 0.05). Symptom score was also
significantly better after 4 weeks of treatment with active as compared to placebo [18]. Yang et al.
reported that in 155 peri-menopausal Taiwanese women, many climacteric symptoms of the Women’s
Health Questionnaire significantly improved compared to start of treatment (p< 0.001) after 6 months as
follows: somatic problems, depression, vasomotoric problems, memory/concentration, attractiveness,
anxiety, sexual behavior, sleep, and menstrual problems [19]. In a large prospective female cohort
study with 10-year of follow up, Chang et al. reported that in flavonoid-rich food-based analyses,
the hazard ratio (HR) was 0.82 (95% confidence interval (CI): 0.74−0.91) among participants who
consumed up to two servings of citrus fruit or juices per day compared with below 1 serving per
week. In the participants alone, total flavonoids, polymers, and proanthocyanidin intakes showed
significantly (9–12%) lower depression risk. In analyses among late-life participants (aged up to
65 years at baseline or during follow-up), for whom they could incorporate depressive symptoms into
the outcome definition, the researchers found that higher intakes of all flavonoid subclasses except for
flavan-3-ols were associated with significantly lower depression risk; proanthocyanidins showed the
strongest associations (HR: 0.83; 95% CI: 0.90) [20].

3.2. Cancer

In the SU.VI.MAX prospective cohort study followed from 1994 to 2007 in France, Touvier et al.
revealed that in 55 older-aged women who were non-to-low alcohol drinkers, the intake of
proanthocyanidins was associated with significantly decreased breast cancer risk (p < 0.05) [21].
Rossi et al. analyzed data from an Italian case–control study including 454 incidents of histologically
confirmed endometrial cancers and 908 hospital-based controls to examine the relationship
between dietary flavonoids and endometrial cancer. Women in the highest quartile category of
proanthocyanidins with trimers vs. the first three quartile categories had an odds ratio for endometrial
cancer of 0.66 (95% CI = 0.48–0.89). High consumption of selected proanthocyanidins may reduce
endometrial cancer risk [22]. In another study wherein participants were 34,708 postmenopausal
women in the Iowa Women’s Health Study who completed a food frequency questionnaire and were
followed for cancer occurrence from 1986 through 2004, after multivariable adjustment, lung cancer
incidence was inversely associated with intakes of proanthocyanidins (HR = 0.75; 95% CI: 0.57–0.97,
which resulted in the highest vs. lowest quintile). Among current and past smokers, those with intakes
in the highest quintile for proanthocyanidins (HR 5 = 0.66; 95% CI: 0.49–0.89) had significantly lower
lung cancer incidence than those in the lowest quintile [23].
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3.3. Hypertension

In a randomized, double-blind, placebo-controlled study in Japanese women aged 40 to 60 years
who received grape seed proanthocyanidins for 8 weeks, the mean systolic and diastolic blood pressure
were significantly reduced in both low-dose (100 mg proanthocyanidin per day) and high-dose
(200 mg proanthocyanidin per day) groups after 4 weeks of treatment. The change in diastolic blood
pressure (DBP) from baseline to 8 weeks was significantly higher in the low-dose and high-dose
groups than in the placebo group (p < 0.05) [17]. Additionally, Odai et al. showed in a randomized,
double-blind study of 21 non-smoking middle-aged women (including men), the oral intake of grape
seed proanthocyanidins significantly reduced the mean systolic blood pressure (SBP) and DBP by 13.1
and 6.5 mmHg, respectively, in the high-dose (400 mg proanthocyanidin per day) group after 12 weeks
of intervention [24]. A cohort study reported the anti-hypertensive effect of proanthocyanidins on
middle-aged and elderly women. In a prospective cohort of 40,574 disease-free French women who
responded to a validated dietary questionnaire, there was a 9% lower rate of hypertension for women
in the highest category of proanthocyanidin intake than for women in the lowest category of intake of
proanthocyanidin (HR: 0.91 (95% CI: 0.85–0.97; p-trend = 0.0051)) [25].

3.4. Cardiovascular Disease

Odai et al. conducted a randomized, double-blind, placebo-controlled study on 6 men and
24 women aged 40–64 years old who received tablets containing either low-dose (200 mg/day) or
high-dose (400 mg/day) grape seed extract proanhocyanidin, or placebo, for 12 weeks. In an ad
hoc analysis of non-smoking participants (n = 21), stiffness parameter, distensibility, incremental
elastic modulus (Einc), and pulse wave velocity (PWV) also significantly improved in the high-dose
group after 12 weeks. Changes in Einc and PWV from baseline to 12 weeks were significantly greater
in the high-dose group than in the placebo group (Einc, p = 0.023; PWV, p = 0.03) [24]. Zhao et al.
performed a clinical trial to evaluate the effect of apple or apple extract polyphenol on a blood
parameter, oxidized low-density lipoprotein/beta2-glycoprotein I complex (oxLDL-b2GPI), related to
atherosclerosis in postmenopausal American women. Consumption of apples or apple polyphenols
produced a statistically significant decrease in oxLDL-b2GPI, while placebo did not produce a significant
change. The mean decrease was larger for the apples than for the apple polyphenols. The apple extract
polyphenol and the apples both had their largest polyphenol contribution from proanthocyanidins.

Therefore, eating one apple containing mainly proanthocyanidins per day had a substantial effect
on a blood parameter related to atherosclerosis [26]. In a prospective study in postmenopausal women
in the Iowa Women’s Health Study who were free of cardiovascular disease (CVD) and had complete
food-frequency questionnaire information at baseline, Mink et al. evaluated the association between
flavonoid intake and CVD mortality. As a result, the intake of proanthocyanidins was significantly
inversely associated with coronary heart disease (CHD) mortality in models after adjustment for age
and energy (p < 0.05), and for total CVD mortality, a significant inverse association after adjustment for
age and energy intake was observed for intake of proanthocyanidins (p < 0.01) [27]. McCullough et al.
also reported a large U.S. cohort study for the association between flavonoid intake and CVD mortality
among U.S. participants. In 60,289 women in the Cancer Prevention Study II Nutrition Cohort with
a mean age of 69 years, proanthocyanidins consumption was associated with the significant great
reduction in CVD risk for the highest intake quintile compared with the lowest quintile (p = 0.01) [28].
Jennings et al. showed the effect of proanthocyanidins for fat mass ratio (FMR) in a study of healthy
middle-aged female twins. In monozygotic, intake-discordant twin pairs, twins with higher intakes of
proanthocyanidins (p = 0.01) had a significantly lower FMR than that of their cotwins with within-pair
differences of 3–4% [29]. Some meta-analysis for the association between the flavonoid intake and CVD
or CHD risk has been reported so far [41–45], but the stratified analysis for middle-aged and elderly
women have not yet been performed. Therefore, we failed to evaluate the efficacy of proanthocyanidins
to women for those meta-analysis.
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3.5. Obesity

Tresserra-Rimbau et al. assessed whether high intakes of some classes of polyphenols including
proanthocyanidins were associated with type 2 diabetes (T2D) in a population with metabolic
syndrome and how these associations depend on body mass index (BMI) and sex. This baseline
cross-sectional analysis included 6633 participants from the PREDIMED-Plus trial. They found in a
case of proanthocyanidins for elderly Spanish women that there were significant and linear inverse
associations in comparing extreme quartiles for overweight and obesity, recognized as important
risk factors for T2D [30]. In another cohort study in Korea, Kim et al. investigated the association
between dietary flavonoid intake and the prevalence of obesity using body mass index (BMI),
waist circumference, and percent body fat (%BF) among elderly Korean females. A higher total
intake of flavonoids was associated with a lower prevalence of obesity in women, on the basis of
%BF (odds ratio (95% CI) = 0.82 (0.71–0.94)), and abdominal obesity (0.81 (0.71–0.92)). The intake of
proanthocyanidins (0.81 (0.71–0.92)) was inversely associated with abdominal obesity, and a higher
intake of proanthocyanidins (0.85 (0.75–0.98)) was associated with a lower prevalence of obesity with
respect to %BF in women [31]. Some meta-analyses for the association between flavonoid intake and
T2D or overweight risk have been reported thus far [46,47], but the stratified analysis for middle-aged
and elderly women have not yet been performed. Therefore, we failed to evaluate the efficacy of
proanthocyanidins to women for those meta-analyses.

3.6. Osteoporosis

Panahande et al. reported the effects of pine bark extract procyanidin on bone remodeling in
postmenopausal osteopenic women in a randomized, double-blinded, controlled clinical trial for
12 weeks. After the 12-week intervention, that is, pine bark extract procyanidin supplementation,
a significant increase in bone alkaline phosphatase (BAP) and procollagen type 1 amino-terminal
propeptide (P1NP) levels, and a significant decrease in C-terminal telopeptide of type I collagen (CTx1)
were observed. Compared with the control group, pine bark extract procyanidin supplementation
resulted in a significant increase in P1NP levels (p < 0.05), BAP levels (p < 0.01), and BAP/CTx1 ratio
(p < 0.01), and a significant decrease in CTx1 levels (p < 0.01) [32]. Additionally, a large cross-sectional
study examined the associations of dietary intake of total flavonoids and their subtypes with bone
density in elderly Chinese women. Zhang et al. showed that after adjusting for covariates, women who
consumed higher proanthocyanidins tended to have greater bone mineral density in the whole body,
femoral neck, and lumbar spine (all trend p < 0.05). Women in the highest (vs. the lowest) quartile
of proanthocyanidin intake had 0.014–0.016 g/cm2 greater BMD in the whole body, femoral neck,
and lumbar spine [33].

3.7. Urinary Tract Infection

Takahashi et al. performed a randomized, placebo-controlled, double-blind study to examine
the rate of relapse in Japanese patients with urinary tract infection (UTI) who suffered from multiple
relapses when using cranberry juice containing 40 mg of proanthocyanidin for 24 weeks. In the
group of females aged 50 years or more, there was a significant difference in the rate of relapse of
UTI between groups cranberry juice and placebo (p < 0.05) [34]. Aside from this study, Maki et al.
reported another clinical study for UTI recurrence using cranberry juice. In a randomized, double-blind,
placebo-controlled, multicenter clinical trial, women with a history of a recent UTI were assigned to
consume one 240 mL serving of cranberry beverage or a placebo beverage for 24 weeks. The annualized
UTI incidence density was significantly reduced in the cranberry compared with the placebo group
(incidence rate ratio: 0.62; 95% CI: 0.42–0.92; p < 0.05). The consumption of 41.1 mg cranberry
proanthocyanidin in a beverage lowered the number of clinical UTI episodes in women with a recent
history of UTI [35]. Vostalova et al. showed that the study tested whether whole cranberry fruit
powder (proanthocyanidin content 0.56%) could prevent recurrent UTI in 182 women with two or
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more UTI episodes. Participants were randomized to a cranberry (n = 89) or a placebo group (n = 93)
and received daily 500 mg of cranberry for 6 months. The number of UTI diagnoses was counted.
The intent-to-treat analyses showed that in the cranberry group, the UTIs were significantly fewer
(10.8% vs. 25.8%, p = 0.04, with an age-standardized 12-month UTI history (p < 0.05) [36].

3.8. Renal Function

Ivey et al. performed a cohort study to determine the association of habitual proanthocyanidin
intake with renal function and the risk of clinical renal outcomes in a population of elderly Caucasian
women. Compared to participants with low consumption, participants in the highest tertile of
proanthocyanidin intake had a 9% lower cystatin C concentration (p < 0.001). High proanthocyanidin
consumers were at 50% lower risk of moderate chronic kidney insufficiency, and 65% lower risk of
experiencing a 5-year renal disease event (p < 0.05). Proanthocyanidin intake was associated with
improved renal function and reduced risk of chronic kidney disease and renal disease-associated
events [37].

3.9. Skin Damage

Yamakoshi et al. investigated the reducing effect of grape seed extract proanthocyanidin (GSEP)
on chloasma for 12 middle-aged Japanese women in a one-year open design study. The first 6 months
of GSEP intake improved or slightly improved chloasma in 10 of the 12 women (83%, p < 0.01) and
following 5 months of intake improved or slightly improved chloasma in 6 of the 11 candidates
(54%, p < 0.01). L* values also increased after GSEP intake (57.8 ± 2.5 at the start vs. 59.3 ± 2.3 at
6 months and 58.7 ± 2.5 at the end of the study). Melanin index significantly decreased after 6 months of
the intake (0.025 ± 0.005 at the start vs. 0.019 ± 0.004 at 6 months; p < 0.01), and also decreased at the end
of study (0.021 ± 0.005; p < 0.05) [38]. Another study on the effect of proanthocyanidin for melasma has
been reported. Evangeline et al. showed in middle-aged Filipino women the oral intake of cranberry
procyanidin and antioxidative vitamin A, C, and E significantly decreased the degree of pigmentation
in the left malar and right malar regions (p < 0.0001), and the melasma area and severity index showed
a significant improvement in the left malar and right malar regions (p < 0.001) [39]. The effect of pine
bark extract proanthocyanidin (PBE) for human skin has been revealed. Furumura et al. performed a
randomized clinical trial of oral supplementation with PBE for middle-aged Japanese women. In the
low-dose trial, photoaging scores as assessed by dermatologists after 12 weeks of PBE were compared
with those at the beginning of the study. Scores for solar lentigines, mottled pigmentation, roughness,
wrinkles, and swelling showed significant improvement at 12 weeks [40].

4. Discussion

We show the scheme for the relationship between the effect of proanthocyanidins and disease
field in Figure 2.

Menopausal disorders are caused by estrogen deficiency. Hormone replacement therapy (HRT)
remains one of the most effective therapies for vasomotor symptoms that are representative of
menopausal symptoms, and it could be beneficial for young and recently postmenopausal women
in relation to improvements in cardiovascular health [48]. Soy isoflavones are well known as
phytoestrogens and have been heavily reported with regard to the clinical efficacy for menopausal
symptoms [49,50]. In this review, we have reported that two types of proanthocyanidins, derived from
grape seed and pine bark, improved menopausal symptoms. Terauchi et al. proposed that the
mechanism of alleviative effect for vasomotor symptoms is generally attributed to their antioxidant
activities, although they do not bind to estrogen receptors, and also have considered that their
hypnosedative and anxiolytic activities might partly explain the effects of proanthocyanidins
acting through gamma amino butyric acid (GABA)A receptors [51]. Moreover, anxiolytic and
depressive activities of proanthocyanidins have been reported, involving the central monoaminergic
neurotransmitter systems [52] and inhibiting the expressions of the proinflammatory cytokines,
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iNOS and COX-2 in the hippocampus [53]. In a prospective cohort study, it has also been revealed that
higher proanthocyanidin intakes were associated with lower depression risk, with the highest intake
group taking up to 160–179 mg of proanthocyanidins per day. The amount was approximated to the
result of intervention trials as mentioned above.

 
Figure 2. Relationship between the effect of proanthocyanidins and disease field.

Regarding cancer prevention, laboratory experiments using animal models or cultured human
cell lines support a potential role of polyphenols in cancer prevention through antioxidant,
immunomodulatory, anti-inflammatory, anti-angiogenic, and pro-apoptotic properties [54,55].
However, the effect of polyphenol intake on disease prevention in humans is difficult to predict,
partly because in vivo studies often employed doses or concentrations far beyond those achievable
by human diet. The prevention of breast and endometrial cancer is of particularly high significance
for elderly women. In two cohort studies, it was revealed that the intake of proanthocyanidins
was associated with significantly decreased breast and endometrial cancer risk. Proanthocyanidins
have antioxidant and antiangiogenesis effects and may influence signal transduction and inhibit
the action of DNA topoisomerases [56,57]. Although the bioavailability of higher molecular weight
proanthocyanidins is lower, they are characterized by a higher gastric stability [58] and a higher
potential scavenger activity [59]. In fact, bioavailability of proanthocyanidins (in monomeric, oligomeric,
and polymeric forms of flavan-3-ols) is influenced by their degree of polymerisation; monomers are
readily absorbed in the small intestine, whereas oligomers and polymers need to be biotransformed
by the colonic microbiota because they are resistant to acid hydrolysis in the stomach [58]. Therefore,
phenolic metabolites, rather than the original high-molecular weight compounds found in foods,
may be responsible for the health effects derived from proanthocyanidin consumption [60], especially
those with higher degree of polymerization. In experimental studies, the microbial metabolites of
proanthocyanidins still bearing a free phenolic acid showed protective effects against oxidative stress
and obesity [61,62], the major risk factors for endometrial cancer. Culter et al. reported that lung
cancer incidence was inversely associated with intakes of proanthocyanidins. In another animal
experiment, it was revealed that administration of grape seed proanthocyanidins to athymic nude mice
by oral gavage (5 days per week) markedly inhibited the growth of s.c. A549 and H1299 lung tumor
xenografts, which was associated with the induction of apoptotic cell death, increased expression of
Bax, reduced expression of anti-apoptotic proteins, and activation of caspase-3 in tumor xenograft
cells [23]. These results suggest that proanthicyanidins may represent a potential component for
lung cancer.
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Evidence from many short-term trials in humans has suggested that flavonoids and, in particular,
flavanol monomers and procyanidin may have a beneficial effect on blood pressure in humans [63].
In this review, we show the effect of grape seed proanthocyanidin on blood pressure in elderly
Japanese women and the relation between proanthocyanidin intake and incidence of hypertension
in a large prospective cohort of women. Odai et al. considered that grape seed proanthocyanidin
improving blood pressure without affecting flow-mediated dilation indicates that the antioxidant
effects of proanthocyanidins could regulate vascular tone, not through NO release, but by other
endothelial responses, which results in blood pressure reduction; one study on hypertensive rats that
supports their results showed the positive association between reactive oxygen species (ROS) level
and pulse wave velocity, arterial wall thickness, and collagen deposition and the beneficial effects of
antioxidants on arterial stiffness and remodeling [64], implying that the antioxidant capacity of grape
seed proanthocyanidin could contribute to decreased ROS levels and improved vascular elasticity.
Evidence for the potential mechanism by which proanthocyanidin would affect blood pressure could
also be related to the inhibition of the angiotensin-converting enzyme [65].

Epidemiologic data suggest that dietary flavonoids may have beneficial cardiovascular effects
in human populations. Several prospective studies have reported statistically significant inverse
associations between total flavonoid intake or the intake of specific classes of flavonoids and
cardiovascular disease (CVD) incidence or mortality [66,67]. In this review, we revealed that incremental
elastic modulus (Einc) and pulse wave velocity (PWV) also significantly improved by oral intake of
grape seed proanthocyanidins, and consumption apple proanthocyanidins produced a statistically
significant decrease in oxidized low-density lipoprotein/beta2-glycoprotein I complex (oxLDL-b2GPI)
related to atherosclerosis. These results support the fact that proanthocyanidins affect cardiovascular
health. In cohort studies, the intake of proanthocyanidins has also been reported to significantly reduce
CVD mortality for middle-aged and elderly women. The cardioprotective effects of proanthocyanidins
have been highlighted by several studies regarding the mechanism: oxidative stress, cardiomyocytes
and the endothelium, anti-inflammatory effects, metabolic effects, etc. [68]. These beneficial effects
appear to be mediated by various signaling pathways and mechanisms acting either independently
or synergistically.

Overweight and obesity are recognized as important risk factors for type 2 diabetes (T2D).
Some cohort studies for elderly women have been investigated with regards to diabetes mellitus and
obesity and have revealed that the intake of proanthocyanidins is inversely associated with abdominal
obesity or overweight. Yang et al. proposed that proanthocyanidins lower hepatic glucose production
by activating adenosine monophosphate(AMP)-activated protein kinase and/or insulin-signaling
pathways, play a role in protecting pancreatic β cells from oxidative stress, and promote insulin
secretion and β-cell survival, and the actions of proanthocyanidins on liver and pancreatic β cells
could lower blood glucose and reduce metabolic and oxidative stress on the islets to enhance glucose
homeostasis, which could be of long-term benefit to overall metabolic health [69]. Regarding the
hypertension, cardiovascular, and obesity fields, the highest intake group consumed 168–524 mg of
proanthocyanidins as a daily average amount in each cohort study reported in this review. These results
may suggest that the effective intake of proanthocyanidins for these diseases may be larger than that
for menopausal symptoms.

Osteopenia is an important predictor of osteoporosis as it is characterized by low bone mineral
density (BMD) [70]. Because osteoporosis has also become an important factor in morbidity and
mortality in elderly women, its prevention is therefore of utmost importance in this age group.
Many studies have examined the associations between flavonoids and bone health [71–73]; however,
most of them, including randomized controlled trials (RCTs), have focused primarily on the isoflavone
subclass, which is mainly contained in soy foods. In this review, pine bark proanthocyanidin,
not estrogenic compound, supplementation in postmenopausal osteopenic women has been shown to
produce favorable effects on bone markers. Moreover, in a cohort study, dietary proanthocyanidin intake
was positively associated with BMD in middle-aged and elderly women. The inhibition of receptor
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activator of nuclear factor-kappa B (NF-κB) ligand (RANKL)-dependent osteoclast differentiation
caused by proanthocyanidins was indicated by studies in vitro [74]. Animal experimental results
also suggested that proanthocyanidins can promote bone formation [75]. Proanthocyanidins may be
expected for the prevention of osteoporosis instead of soy isoflavones.

A urinary tract infection (UTI) is common and increasingly difficult to treat because of the
rising rates of antibiotic resistance [76,77]. Approximately 60% of women will experience up to
one UTI in their lifetimes. Cranberry consumption has been evaluated as a strategy for reducing
clinical UTI recurrence in women with a recent history of a UTI [78,79]. In this review, we have
shown that the consumption of cranberry juice or cranberry powder containing proanthocyanidins
lowered the incidence of UTI for elderly women. The proanthocyanidins in cranberry have been
reported to inhibit the growth of several pathogenic bacteria, such as uropathogenic Escherichia
coli, cariogenic Streptococcus mutans, and oxacillin-resistant Staphylococcus aureus [80]. The cranberry
proanthocyanidins, consisting primarily of epicatechin tetramers and pentamers with at least one
A-type linkage, have been found to be active against the pathogenic bacteria. In addition, the daily
intake of 65% cranberry juice is recommended to prevent recurrent cystitis for postmenopausal women
in the Guideline in The Japanese Association for Infectious Disease/Japanese Society of Chemotherapy
(JAID/JSC) Guidelines for Infection Treatment—Urinary Tract Infection.

Chronic kidney disease (CKD) represents a growing public health issue [81]. Oxidative stress,
atherogenesis, nitric oxide homeostasis, and endothelial function play important roles in the
pathogenesis of this disease [82–86]. Ageing is associated with structural and functional changes in
the kidneys [87], resulting in impaired renal function [88]. Cystatin C provides early indications of
renal dysfunction [89]. Ivey et al. indicated in a cohort study that higher intake of proanthocyanidins
lowered the plasma cystatin C level. There is direct evidence that proanthocyanidins can specifically
improve renal health in animal models by reducing oxidative stress, improving antioxidant defense
potential, and reducing oxidative renal injury [56,90,91]. Proanthocyanidins may contribute to the
prevention of severe CKD.

Abnormal facial pigmentation such as chloasma (melasma) is often of great cosmetic importance
to women. Chloasma is a common acquired symmetrical hypermelanosis characterized by irregular
light to dark brown macules and patches on sun-exposed areas of the skin. Although the etiology
is unknown, several etiogenic factors have been implicated, including genetic factors, UV exposure,
pregnancy, hormonal therapies, cosmetics, phototoxic drugs, and antiseizure medications [92]. In this
review, we have reported that grape seed proanthocyanidins and cranberry proanthocyanidin with
vitamin A, C, and E improved chloasma in an intervention study. Yamakoshi et al. considered that
grape seed proanthocyanidins were likely to inhibit melanogenesis or even melanocyte proliferation
only in the chloasma area. The human skin is constantly exposed to UV radiation. UV radiation
generates reactive oxygen species (ROS) and leads to oxidative stress. This causes a cascade of erythema
and inflammatory reactions, which may be considered as crucial factors affecting the pathogenesis
of melasma. Proanthocyanidin has been proven to have a significant free radical scavenging activity
in vitro and anti-edema effects in vivo [93]. Additionally, the oral intake of pine bark proanthocyanidins
have led to significant reduction in the pigmentation of age spots in photoaged facial skin. The results
may be attributed to the antioxidative and anti-inflammatory effects of proanthocyanidins.

The physical, chemical, and biological features of proanthocyanidins depend largely on their
structure including the type of flavan-3-ol, particularly on their degree of polymerization. We failed
to evaluate the structure–activity relationship (SAR) in each effect because of not so many results
of the intervention trial. Proanthocyanidins functioning in terms of absorption and metabolism in
human is not yet fully understood. The intestinal cell wall is permeable to proanthocyanidin dimers
and trimers, as shown in both in vitro [94] and in vivo experiments [95]. Proanthocyanidins with a
degree of polymerisation (DP) below 3 are depolymerised into mixtures of epicatechin monomers
and dimers in the acidic environment of the stomach [94] and absorbed by the small intestine [94,95].
However, it is also proposed that a food bolus has a buffering effect, making the acidic conditions
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milder than that required for proanthocyanidin breakdown. Although proanthocyanidin dimers B1
and B2 can be detected in human plasma [95,96], their absorption is minor, estimated to be more
than 100-fold lower than that of the corresponding flavan-3-ol monomers [95]. The cell layer in
the intestines is also permeable to oligomeric proanthocyanidins but not polymeric ones [94,95].
Polymeric proanthocyanidins with a DP up to 10 move to the small intestines intact and are mainly
degraded by colonic microflora in the cecum and large intestine [97]. Further research is needed to
better investigate the active metabolites of proanthocyanidins and detail the mechanism in humans.

5. Conclusions

Proanthocyanidins have many effects such as antioxidant, anti-inflammatory, and antimicrobial
activities, with a great diversity of complementary alternative therapy supported by sufficient scientific
evidence. The consumption of proanthocyanidins can greatly contribute to health promotion in
middle-aged and elderly women.
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Abstract: The meta-analysis presented in this article covered the efficacy of red clover isoflavones in
relieving hot flushes and menopausal symptoms in perimenopausal and postmenopausal women.
Studies were identified by MEDLINE (PubMed), Embase, and the Cochrane Library searches. The
quality of the studies was evaluated according to Cochrane criteria. A meta-analysis of eight trials
(ten comparisons) demonstrated a statistically significant reduction in the daily incidence of hot
flushes in women receiving red clover compared to those receiving placebo: weighted mean difference
(WMD—weighted mean difference) −1.73 hot flushes per day, 95% CI (confidence interval) −3.28 to
−0.18; p = 0.0292. Due to 87.34% heterogeneity, the performed analysis showed substantive difference
in comparisons of postmenopausal women with ≥5 hot flushes per day, when the follow-up period
was 12 weeks, with an isoflavone dose of ≥80 mg/day, and when the formulations contained a
higher proportion of biochanin A. The meta-analysis of included studies assessing the effect of red
clover isoflavone extract on menopausal symptoms showed a statistically moderate relationship
with the reduction in the daily frequency of hot flushes. However, further well-designed studies are
required to confirm the present findings and to finally determine the effects of red clover on the relief
of flushing episodes.

Keywords: red clover; isoflavones; Trifolium pratense; hot flushes; menopausal symptoms; post-
menopausal women; perimenopausal women

1. Introduction

Menopause is characterized by amenorrhea due to the cessation of ovarian function.
The decrease in circulating estrogens levels can induce menopausal disorders, including
shorter-term symptoms, such as vasomotor symptoms, palpitations, sleep difficulties,
headaches, fatigue, mood disturbances, and impaired concentration, and longer-term
chronic conditions, such as cardiovascular diseases, accelerated bone loss, and cognitive
impairment [1,2].

Hot flushes (HFs) are the most common symptom of menopause in about 70% of
women, with differences in different populations, and may persist for several years after
menopause [3,4]. The frequency of these symptoms depends on several factors, including
climate, race/ethnicity, diet, lifestyle, women’s roles, and attitudes regarding the end of
reproductive life and aging [5–7]. They can affect not only the quality of life, but also
contribute to sleep and mood disturbance, which can potentially affect daily activities at
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home and at work to such an extent that treatment is required [8,9]. HFs are thought to be
the result of the brain’s response to a progressive estrogen deficiency and fluctuation in the
activity of neurotransmitters, especially in the serotonergic and noradrenergic pathways,
which leads to instability of the mechanism of thermoregulation in the hypothalamus.
Ultimately, this leads to increased blood flow through the skin and increased sweat gland
activity, and as a result, these symptoms appear [10,11].

Despite the well-known benefits of menopausal hormonal therapy (HT), due to po-
tentially serious side effects and breast cancer risk, the use of this therapy, even in the
treatment of HFs, remains controversial [12,13]. Many women discontinued HT after the
publication of the results of the Women's Health Initiative, looking for an effective and
safe alternative to relieve menopausal symptoms [14,15]. The lack of acceptance of HT,
related to concerns about its safety, has led to the popularization of many alternative and
complementary methods of treatment [16–18]. For some years, red clover has been one
such alternative used by women to treat vasomotor symptoms of menopause [19].

Red clover (Trifolium pratense L., Fabaceae) mainly contains the isoflavone aglycones,
formononetin, and biochanin A; other isoflavones, such as genistein, daidzein, glycitein,
and prunetin, were also identified in small quantities [19,20]. The mentioned methoxy
precursors in the intestine and liver are demethylated by cytochrome P450 isozymes
to the active forms, genistein and daidzein [21]. Red clover isoflavones with structural
similarities to the endogenous 17β-estradiol reveal their biological effects via activating
estrogen receptors (ER), with a higher affinity to ER-β in comparison to ER-α. In addition,
a number of non-hormonal effects have been reported in isoflavones, including tyrosine
kinase inhibition, antioxidant activity, and effects on ion transport [18,22,23]. In addition, a
number of non-hormonal effects have been reported in isoflavones, including antioxidant
activity, tyrosine kinase inhibition, and effects on ion transport [18,22,23].

This systematic review with meta-analysis aimed to clarify whether supplementation
of red clover isoflavone extract (RCIE) affects menopausal symptoms in perimenopausal
and postmenopausal women.

2. Materials and Methods

2.1. Search Strategy and Study Selection

To determine if intervention with the RCIE, as compared to placebo, relieves HFs, we
reviewed published clinical trials in accordance with the PRISMA (The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines [24]. The electronic databases
MEDLINE (PubMed), Embase, and the Cochrane Library were searched for the identifica-
tion of randomized controlled trials from 1999 to January 2020. The following search terms
were used for all databases in various combination: “menopause” or “perimenopause” or
“postmenopause” AND “red clover” or “Trifolium pratense” or “isoflavone” AND “hot
flushes” or “menopausal symptoms”. The search was limited to the articles published in
the English language for full analysis. References to selected research and review articles
related to the topic of the work were also searched in order to identify additional studies.

2.2. Inclusion and Exclusion Criteria

Studies were considered eligible for inclusion if they met all of the following criteria:
(a) parallel-group controlled trials; (b) trials with a crossover design that contained data
for the first period; (c) comparison with placebo; (d) perimenopausal and postmenopausal
women; (e) experiencing moderate to severe HFs at least three times per day in a two-week
follow-up before the study entry; (f) primary outcomes that were changes in frequency of
HFs per day, obtained by self-report using symptom diaries; (g) secondary outcomes that
were the cumulative rating of menopausal symptoms using a questionnaire based on the
respondents’ replies concerning the intensity of complaints. The used questionnaires and
their descriptions are as follows: the Kupperman Menopausal Index (KMI) is a measure
using a list of 11 symptoms (hot flushes, excessive sweating, sleep disturbances, irritability,
depressive mood, attention deficit disorder, joint and bone pain, headache, arrhythmias,
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paresthesia) rated on a 4-point severity scale [25]. The Greene Climacteric Scale (GCS)
is a tool based on a list of 21 symptoms rated on a 4-point Likert scale. The symptoms
are divided into three categories: (a) psychological—anxiety (heart beating fast or strong,
feeling tense or nervous, difficulty sleeping, being agitated, having anxiety or panic attacks,
difficulty concentrating) and depression (feeling tired or lacking energy, loss of interest
in most things, feeling unhappy or depressed, crying, irritable); (b) somatic (dizziness
or fainting, pressure or tightness in the head, numbness in part of the body, headaches,
aches and pains in the muscles and joints, loss of feeling in the hands or feet, difficulty
breathing); (c) vasomotor (hot flushes, sweating at night); with an additional question
related to sexual dysfunction (loss of interest in sex) [26]. The Menopause Rating Scale
(MRS) consists of 11 items divided into three subscales, i.e., sweating/hot flushes, heart
discomfort, sleep problems, joint and muscle problems, classified as somatic-vegetative
symptoms; depressed mood, irritability, restlessness, and physical/mental exhaustion,
classified as psychological symptoms; and sexual problems, bladder problems, and vaginal
dryness, classified as urogenital symptoms [27].

Studies were excluded if they were duplicated reports, the duration of the study was
less than 12 weeks, RCIE was combined with other plant medicines, lacked sufficient
information, and if results were presented as graphics or percentage changes.

2.3. Data Extraction

The data were collected by the main author and then checked by the co-authors for
correctness. The extracted data included the name of the first author; year of publication;
country of origin; study design; follow-up period of the study; number of participants
(randomized/analyzed); age (range) of women; daily dose of RCIE in the active arm
(aglycone equivalent); a clearly described isoflavone component and their daily doses;
baseline and final frequencies of HFs per day; scores of menopausal symptoms (without
distinction between types of symptoms) or their differences; standard deviation, standard
error, or 95% confidence intervals; and group size in each test arm.

2.4. Quality Assessment and Bias Risk of the Trials

The Cochrane risk of bias tool consists of seven items, which have a potential biasing
influence on the estimates of an interventions’ effectiveness in randomized trials: selection
bias, performance bias, detection bias, attrition bias, reporting bias, and a catch-all item
called “other sources of bias”. The risk of bias in RCTs (randomized controlled trials) are
included in the review as “High risk”, “Unclear”, or “Low risk” [28].

2.5. Statistical Analysis

The meta-analysis included all intervention groups from multi-arm studies. Moreover,
to avoid duplication of data from the same people in surveys covering multiple time
points, only one of such points was taken into account. The outcome measures were the
difference in mean (MD) frequency of HFs between baseline and the end of the treatment,
for both the intervention and control groups. Data of the size of the effects of RCIE in
each study were presented as number of subjects (n) and the mean ± standard deviation
(SD) of the differences. SD of MD was calculated using the following formula: SD = sqrt
((SD “baseline”) 2 + (SD “endpoint”) 2 − (2R × SD “baseline” × SD “endpoint”)), where R
is the correlation coefficient. We assumed an R of 0.40 to impute the missing SD of the mean
within-group change according to Follman et al. [29]. If a 95% confidence interval (95% CI)
was available for the difference in means, the same standard deviation was converted as:
SD = sqrt (N) × (upper limit − lower limit)/(2u) (equal to 3.96). If the sample size was
small (<30 in each group), the u-value could be obtained from tables of the t distribution
with degrees of freedom equal to the sample size minus 1. This calculation is appropriate
for data that are at least approximately normally distributed [30]. The random effects model
was used to calculate the weighted mean difference (WMD) and 95% CI, and p < 0.05 was
considered statistically significant. The results were assessed by comparing the mean ± SD
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of the change in HFs of the active group with the control group [31]. Cochrane Q and I2

statistic were used to assess the heterogeneity. The I2 test assessed whether the variance
across studies was correct and not a result of a sampling error. The percentage of total
variation indicated the degree of heterogeneity; I2 values of ≤25% were considered low,
>25% as moderate, and ≥75% as high heterogeneity [32]. STATISTICA Medical Software
11.0 StatSoft Poland, Krakow, Poland has been used for all statistical analyses.

3. Results

As a result of the search of electronic databases, 107 RCTs were identified. Sixty nine
studies were excluded on the basis of title and/or abstracts. In the second phase, thirty
eight potentially significant randomized controlled trials were identified and submitted
for full-text assessment. Of these, twenty six studies were excluded due to failure to meet
inclusion criteria. As a result, twelve RCTs that described the administration of RCIE to
women for the management of HFs were included in the meta-analysis [33–44]. A detailed
review of the selection procedure is shown in Figure 1.

 

Red clover' or 'Trifolium pratense ' 

RCTs excluded (n  = 26) 

RCTs analyzed in meta-analysis (n  = 12)                

not relevant to topic working (n  = 32)
review work (n  = 20)
meta-analysis (n  = 12)
premenopausal womens (n  = 4) 
participants were men (n  = 1)

Potentially appropriate RCTs to be included in qualitative analysis  
(n  = 38)

did not concern the hot flushes (n  = 21) 
red clover were part of supplement (n  = 2)
duplicate papers (n  = 1) 
follow-up <12 weeks (n  = 1)                                    
missing required data (n  = 1)

Potentially relevant RCTs identified from MEDLINE (PubMed), 
Embase and Central electronic databases (n  = 107) 

RCTs excluded on the basis of title and/or abstract 
(n = 69)                  

Figure 1. Flowchart of the selection procedure for studies included in the current review regarding
red clover in menopausal symptoms. Abbreviations: RCTs, randomized controlled trials.

3.1. Characteristics of Included Trials

The characteristic of the selected twelve randomized, placebo-controlled clinical stud-
ies are reported in Table 1. All trials used a parallel group design, with the exception of
three studies that used a crossover design [34,39,41]. The trials’ duration ranged from
12 weeks to 2 years. Clinical studies were conducted in Australia (3), Peru, the Nether-
lands, the United States, the United Kingdom, Ecuador, Brazil, Austria, Iran, and Denmark.
Overall, 1179 women experiencing menopause participated in the studies, and sample size
ranged from 37 to 252 (1043 participants were included in the final analysis). Eight trials
included postmenopausal women exclusively, three studies included women in both the
peri- and postmenopausal period [37,38,40], and perimenopausal women were included in
one study [44]. The average red clover isoflavone dose was 65.1 mg/d of aglycone equiv-
alent (range, 37.1–160 mg/d). Two studies included two therapeutic arms with different
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doses of isoflavones [33,37]. The composition of the isoflavones and their doses varied
among studies, which is shown in Table 1. Eight studies measured the daily frequency
of HFs; the baseline of hot flushes was over three per day. Ten studies included the pres-
ence and/or severity of various somatic and psychological symptoms on scales to assess
menopausal symptoms.

3.2. Assessment of the Methodological Quality of Trials

Details of the risk of bias assessment are shown in Figures 2 and 3. Several trials
were characterized as “unclear risk”, relating to the lack of sufficient information in the
categories random sequence generation (selection bias) [34,35,41] (25%) and allocation
concealment (selection bias) [34,35] (17%). The categories that presented a low risk of bias
in all evaluated trials were the blinding of participants and personnel (performance bias)
and the blinding of outcome assessment (detection bias). In the category of incomplete
outcome data (attrition bias), “unclear bias” was demonstrated in 25% of studies [34,36,39];
it was not clear whether dropouts were likely to influence results. With respect to the
selective reporting category, five studies [33–36,39] (42%) presented a “high risk of bias”
associated with the lack of reports of adverse effects. “Unclear risk” in the other bias
category was associated with an insufficient description of the study funding.
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Figure 2. Risk of bias summary for each study as assessed by the authors [33–44].

 

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Binding of participants and personnel (performance bias)
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Figure 3. The assessment of risk of bias for each item; data are shown as a percentage for trials.
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3.3. Systematic Review and Meta-Analysis

We present the results of a comprehensive systematic review with a meta-analysis
regarding the impact assessment of RCIE on the incidence of hot flushes and on the
presence and/or severity of various somatic and psychological symptoms in the eval-
uation of the menopausal symptom questionnaires and scales in perimenopausal and
postmenopausal women.

3.3.1. Daily Hot Flushes Frequency

In most studies, a dose of 40–80 mg/d RCIE was used, except for the study of Lam-
bert et al. [44], in which 37.1 mg/d was administered. In two trials, parallel comparisons
with other doses were also performed: 57 mg/d [33] and 180 mg/d [37].

Of the eight RCTs with ten comparisons assessing frequency of HFs, six [33,35–37,41,44]
showed a reduction in HFs, including four significant decreases [35,36,41,44] in the isoflavone
group compared to the placebo group; while in four comparisons, no differences were
observed between the groups [33,34,37,38].

A meta-analysis of all comparisons showed a statistically significant reduction in the
daily incidence of HFs in women receiving active treatment compared to those receiving
placebo treatment: WMD −1.73 HFs/d, 95% CI −3.28 to −0.18; p = 0.0292 (Figure 4).
Additionally, a subgroup analysis was conducted to explain the possible influence of
covariates on the observed high heterogeneity of included trials (I2 = 87.34%) based on five
prognostic factors: menopausal status, observation time, frequency of daily HFs, the total
dose of isoflavones in terms of aglycone equivalents, and the differences in the types of
isoflavone. Results of the sub-analysis are shown in Table 2. Differences in means were
larger in comparisons that used RCIE at a dose of ≥80 mg/day (WMD −2.80 HFs/d;
p = 0.1210), as well as when the formulations contained a higher proportion of biochanin A
(−1.79 HFs/d; p = 0.0520), in postmenopausal women (WMD −2.68 HFs/d; p = 0.0105),
with ≥5 HFs per day (WMD −2.56; p = 0.0096), and with an observation period of 12 weeks
(WMD −1.95 HFs/d; p = 0.0206).
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Figure 4. Effects of isoflavones with red clover (Trifolium pratense) vs. placebo on the daily frequency of hot flushes in
peri- and post-menopausal women. Number in brackets following author’s name refers to dose of isoflavones in the
study with more than one active group [33–38,41,44]. Abbreviations: RCIE, red clover isoflavone extract; WMD, weighted
mean difference.
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Table 2. Assessment of the effect of red clover isoflavones on the frequency of hot flushes in
subgroup analysis.

Variables n Simple Size WMD (95% CI) p I2 (%)

Overall effects 10 751 −1.73 (−3.28, −0.18) 0.0292 87.34
Menopausal status

Postmenopausal 7 315 −2.68 (−4.72, −0.63) 0.0105 71.44
Peri- and post-menopausal 3 436 0.01 (−0.55, 0.58) 0.9594 0.00

Follow-up period
12 weeks 9 652 −1.95 (−3.61, −0.30) 0.0206 81.33

12 months 1 99 0.20 (−0.58, 0.98) 0.6149 (-)
Frequency of hot flushes

≥5/day 6 552 −2.56 (−4.49, −0.62) 0.0096 87.67
≥3/day 4 199 0.21 (−0.53, 0.96) 0.5761 0.00

Isoflavones dose
<80 mg/day 6 431 −0.88 (−2.34, 0.58) 0.2370 76.83
≥80 mg/day 4 320 −2.80 (−6.35, 0.74) 0.1210 86.61

Dominant of isoflavones
Biochanin A 8 524 −1.79 (−3.60, 0.02) 0.0520 85.78

Formononetin 2 227 −1.14 (−4.13, 1.84) 0.4519 73.64
n, number of comparisons; -, not calculated.

3.3.2. Rating of Menopausal Complaints Using Instruments to Measure Intensity
of Symptoms

In three studies [39–41], the Kupperman Menopausal Index (KMI) scale was used
to assess the severity of climacteric symptoms. The results of the meta-analysis indi-
cated that compared to placebo, RCIE was effective in relieving menopausal symptoms:
WMD −12.77, 95% CI −23.61 to −1.93; p = 0.0209; I2 = 96.19% (Figure 5A). Of the six
RCTs with seven comparisons that reported Greene Climacteric Scale (GCS) data, four
(40 mg/d) [33,34,37,38] showed a marginal, insignificant decrease in GCS scores, in contrary
to three studies (160 mg/d) [33,42,44] that reported a slight, insignificant intensification
of menopausal symptoms. Meta-analysis did not show the beneficial effect of RCIE on
menopausal symptoms and complaints in the GCS scale used in these studies, compared
with the placebo: WMD 0.11, 95% CI −0.87 to 1.09; p = 0.8265; I2 = 0.00% (Figure 5B).

According to the results obtained from a single RCT [43], women receiving RCIE
observed a significant reduction in their Menopause Rating Scale (MRS) score compared to
placebo: WMD −6.81, 95% CI −9.79 to −3.83; p = 0.0000 (Figure 5C).
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Figure 5. Effects of red clover (Trifolium pratense) isoflavones vs. placebo on rating menopausal symptoms using the
following questionnaires, based on the respondents’ replies concerning the intensity of complaints. Number in brackets
following author’s name refers to the dose of isoflavones in the study with more than one active group [33,34,36,38–44].
The letter A marks the first part of the figure containing the Kupperman Menopausal Index analysis. The letter B marks the
second part of the figure containing the Greene Climacteric Scale analysis. The letter C marks the third part of the figure
containing the Menopause Rating Scale analysis. Abbreviations: WMD, weighted mean difference.

4. Discussion

Our meta-analysis of all comparisons showed a statistically significant reduction in the
daily incidence of HFs in women receiving active treatment compared to those receiving
placebo, WMD −1.73, 95% CI −3.28 to 0.18; p = 0.0292. These results are consistent with
those presented in previous meta-analyses [45–47] that also found some beneficial effects
of RCIE, although not always statistically significant. Myers and Vigar [45], based on the
analysis of 5 studies [33,36,37,39,41] including 438 women, showed a statistically significant
reduction in the number of HFs after a daily intake of ≥80 mg RCIE compared to placebo:
WMD −3.46, 95% CI −4.37 to −2.56; p < 0.00001. Coon et al. [46] reported a significant
decrease in the daily episodes of flushing (WMD −1.63, 95% CI −2.97 to −0.28; p < 0.02)
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in an analysis that included 5 trials [33–37] with 7 comparisons and 385 participants; the
doses of RCI were 40, 57, 80–82, or 160 mg/d. In turn, a meta-analysis by Ghazanfarpour
et al. [47] based on 6 studies [33–37,41] showed a decrease in HFs/day frequency, close
to statistical significance, post-administration of RClE in 40 or 80 mg: WMD −1.99, 95%
CI −4.12 to 0.19; p = 0.067. Furthermore, three meta-analyses [48–50] showed positive
effects of RClE, but they were statistically non-significant on the frequency of HFs. Lethaby
et al. [48], using five studies [33–37], showed a slight decrease, WMD −0.93, 95% CI −1.95
to 0.10; p = 0.21 (40 mg/d, 80 mg/d doses). In turn, Nelson et al. [49] reported a reduction
in HFs (WMD = −0.44, 95% CI −1.47 to 0.58) based on 9 comparisons (6 studies [33–38];
doses of 40 mg/d, 57 mg/d, 80–82 mg/d, 160 mg/d). While Franco et al. [50] noted
a decrease in the number of daily hot flushes for red clover isoflavones compared with
placebo: WMD = −1.84, 95% −3.87 to 0.19; p = 0.20 (7 studies [33–38,41]; doses: 40–160 mg).

The discussion omitted the results of systematic reviews with a meta-analysis [51,52]
with the adopted research methodology based on the analysis of only the final values of
HFs at the end of treatment.

Our meta-analysis also showed that RCIE significantly lowered the KMI points—
WMD −12.77 (p = 0.0209) and the MRS points—WMD −6.81 (p = 0.0000). The last result
was only based on one study [43], which makes it impossible to draw a final conclusion. The
earlier meta-analysis of Myers and Vigor [45] assessing the effect of RCIE on menopausal
symptoms on the KMI scale, based on two trials [39,41], also demonstrated a marked
significant reduction of WMD −21.8 points (p < 0.00001) in women receiving red clover. It
is important to note that the lack of a significant reduction on the GCS (WMD 0.11 points;
p = 0.8265) found in our analysis may undermine the usefulness of RCIE in relieving
menopausal symptoms other than HFs in perimenopausal and postmenopausal women.

A number of possible limitations should be taken into account when interpreting
the results of the present meta-analysis. The fact that most of these assessments were
based on a relatively limited number of available trials as well as the small number of
participants in some studies may result in insufficient statistical power and limit the draw-
down of definitive conclusions. Also, inter-individual differences in the metabolism and
bioavailability of isoflavones may cause variability in the response to their use. The placebo
effect should also be taken into account: clear placebo responses in menopausal women
in drug trials affecting vasomotor symptoms are well documented [53]. Furthermore, the
actual dose of aglycone isoflavones administered or absorbed was difficult to determine.
Other limitations are related to the fact that the analyzed works may not represent all
research related to this topic, especially articles published in languages other than English.
Additionally, if the error of published research is strong, it is possible to have overestimated
or underestimated the effect of red clover on menopausal symptoms.

5. Conclusions

This meta-analysis of randomized controlled trials assessing the effect of a specific
standardized extract of red clover isoflavones on menopausal symptoms showed a sta-
tistically moderate relationship with the reduction in the daily frequency of hot flushes.
However, further well-designed studies are required to confirm the present findings and
to finally determine the effects of red clover on the relief of flushing episodes, to provide
more comprehensive information about well-defined preparations, and the optimal dose
and duration of taking red clover aglycones to achieve their highest effectiveness.
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Abstract: The purpose of this cross-sectional study was to examine the relationship between diet
and anthropometric measures in postmenopausal women. Data collected from 937 women enrolled
in the Minnesota Green Tea Trial (NTC00917735) were used for this analysis. Dietary intake and
health-related data were collected via questionnaires. Body weight, height, and waist circumference
(WC) were measured by the study staff. The mean age of participants was 59.8 years and mean
WC was 83 cm. Approximately 30% of the participants had WC greater than 88 cm. Healthy
Eating Index-2015 score was 72.6 and the Dietary Inflammatory Index score was 0. Intakes of whole
grains, dairy, protein, sodium, and saturated fat did not meet the dietary guidelines. Only 12.5%
consumed the recommended daily amount of calcium (mean intake = 765 mg/day). When calcium
supplements were considered, only 35.2% of the participants had adequate intakes, even though
68.9% reported taking a calcium supplement. We found that age and number of medications taken
were significantly associated with waist circumference (p = 0.005). Women who reported taking two
or more medications had greater WC (85 cm) compared to women who reported not taking any
medications (82.2 cm), p = 0.002. Our findings suggest that achieving adequate calcium and vitamin
D intake may be challenging to postmenopausal women.

Keywords: healthy eating index; calcium; waist circumference; diet history questionnaire; supple-
ments; menopause; bone mineral density

1. Introduction

The transition to menopause is accompanied by several concomitant changes in
women’s biological, physiological, behavioral, and social characteristics that will define
women’s well-being and future risk of disease. One of the major physiological changes that
occur with menopause is a marked decline in estradiol production, which is associated with
several adverse consequences such as sleep disturbances, vasomotor symptoms such as hot
flashes and night sweats, sexual dysfunction, metabolic disorders, bone loss, dyslipidemia,
and obesity [1,2].

Approximately 75% of women ages 60 years and older are overweight [3]. Previous
research indicates that fat mass increases during the years preceding the transition to
menopause and abruptly worsens at the onset of menopause, followed by stabilization [4].
Although these observed increases in fat mass seem to be related to aging, rather than
menopause, evidence suggests that central fat accumulation is higher in postmenopausal
women compared with premenopausal women [3], which is attributed to the decreased
levels of estradiol and consequent increases in the activity of androgen receptors in visceral
adipose tissue [5]. In addition to changes in fat mass, a sharp menopause-related increase
in low-density lipoprotein (LDL)-cholesterol has been reported in the cohort Study of
Women’s Health Across the Nation (SWAN) [6], which could predispose postmenopausal
women to cardiovascular disease and other chronic diseases such as diabetes. Indeed,
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menopause has been recognized as a female-specific risk factor for cardiovascular disease
by the American Heart Association [7].

Bone loss is considered a hallmark of menopause. A decline in bone mineral den-
sity during the transition to menopause has been well documented in prospective cohort
studies [8,9]. The role of diet on the prevention of bone mineral loss is not entirely elu-
cidated in light of conflicting findings regarding the benefits of calcium and vitamin D
supplementation for the prevention of fractures [10–12]. Nonetheless, adequate intake
of these two nutrients is recommended for the prevention of bone loss and fractures in
postmenopausal women [13]. Adequate protein intake also seems to be associated with
bone mineral density. Protein intake representing around 24% of total energy intake has
been associated with slower rates of bone loss and lower risk of hip fractures in older
individuals diagnosed with osteoporosis [14]. Finally, regular physical activity has also
been shown to positively affect bone health in women [15].

While some of the natural changes that occur with menopause are not modifiable,
lifestyle behaviors, particularly dietary behavior and physical activity, can be modified to
reduce the impact of disease risk factors on women’s health such as weight gain, dyslipi-
demia, and bone loss, among others. To target dietary behavior as a means of lowering the
risk of disease in postmenopausal women, it is necessary to identify specific diet-related
concerns in this population. Several measures of diet quality can be used to assess dietary
patterns of postmenopausal women; the Healthy Eating Index (HEI) is a commonly used
index of diet quality because it reflects dietary adequacy in relation to the Dietary Guide-
lines for Americans [16]; the Dietary Inflammatory Index (DII) assesses the inflammatory
potential of the diet on a continuum from anti-inflammatory, represented by lower scores to
pro-inflammatory, represented by higher scores [17]. These indices are useful in the context
of large datasets because they provide a measure of overall dietary complexity, which can
be analyzed in conjunction with intakes of individual nutrients to obtain a more thorough
assessment of an individual’s diet. The purpose of this study was to examine relationships
between diet quality as assessed by the HEI and the DII and anthropometric measures in a
large sample of postmenopausal women living in a Midwestern state of the U.S.

2. Materials and Methods

Baseline data collected from 937 postmenopausal women enrolled in the Minnesota
Green Tea Trial (MGTT) were used for this cross-sectional analysis. The MGTT was a
double-blinded placebo-controlled trial that assessed the effects of green tea catechin
supplements on biomarkers of breast cancer risk (clinical trial ID: NCT00917735) [18].

2.1. Study Participants

Eligible participants had to be between the ages of 50 and 70, report being generally
healthy, postmenopausal for at least one year, not using any hormone therapy within the
past six months, and having been diagnosed with heterogeneously or extremely dense
breasts on a recent screening mammogram. Those who reported using hormone replace-
ment therapy, elevated liver enzymes, or over than 5 kg change in body weight over the
past year were not eligible. Written consent was obtained from all participants and the
trial protocol was approved by the University of Minnesota Institutional Review Board.
Details about participant selection and enrollment into the MGTT have been published
previously [18].

2.2. Dietary Assessment

Dietary intake was assessed using the National Cancer Institute’s diet history ques-
tionnaire (DHQ-1) [19]. This questionnaire included 124 food items with details about
portion size and frequency of consumption including vitamin and mineral supplements.

Data originated from the DHQ-1 was used to calculate the Healthy Eating Index (HEI)-
2015, according to the method previously described [20]. Briefly, the HEI is a measure of
diet quality based on alignment of dietary components to the recommendations of the
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Dietary Guidelines for Americans [16]. The HEI includes 13 components from which the
sum can result in scores ranging from 0 to 100. The higher the HEI score, the greater
the alignment between the individuals’ diets and dietary recommendations. Previous
research has shown that the HEI is valid and reliable when tested using dietary data from
a representative sample of Americans [21].

DHQ-1 data were also used to calculate the Dietary Inflammatory Index (DII) score,
as described by Shivappa et al. [17]. The z-scores for intakes of 28 food parameters were
calculated (calories (kcal), carbohydrate (g), protein (g), dietary fiber (g), saturated fat
(g), trans fats (g), monounsaturated fat (g), omega-6 (g), omega-3 (g), cholesterol (mg),
alcohol (g), vitamin A (μg), β-carotene (μg), thiamin (mg), niacin (mg), riboflavin (mg),
vitamin B6 (mg), folate (μg), vitamin B12 (μg), vitamin C (mg), vitamin D (μg), vitamin
E (mg), magnesium (mg), iron (mg), zinc (mg), selenium (mg), caffeine (mg), isoflavones
(mg)). Percentile scores were calculated from the z-scores and then doubled and ‘one’
was subtracted from the values to achieve a symmetrical distribution. Next, each food
parameter’s centered percentile value was multiplied by an ‘inflammatory effect score’
and all scores for the 28 food parameters were summed to obtain the overall DII for each
study participant. Intake of nutrients via supplements was not included in the calculation
of the DII. Although the original DII includes 45 food parameters, several of these were
not available from the DHQ-1. However, it can be argued that food components that were
not included in the calculation of the DII are consumed in low amounts in Western diets
such as ginger, saffron, turmeric, rosemary, flavonols, etc., and therefore, the absence of
these components will likely have a negligible effect on the overall DII scores of the present
population. In addition, previous published studies have also utilized this approach when
calculating the DII [22,23]. Higher DII scores indicate the higher inflammatory potential of
the diet.

2.3. Anthropometric Measures

Body weight was measured to the nearest 0.1 kg using a digital scale and height was
measured to the nearest 0.1 cm with a wall-mounted stadiometer. Waist circumference was
measured at the uppermost lateral border of the iliac crest at the narrowest point of the
torso, using a flexible body tape. All measurements were done by trained research staff.

2.4. Bone Mineral Density

Bone mineral density (BMD) in g/cm3 was measured by dual x-ray absorptiometry
(DXA) in a subsample of 121 study participants. Whole body DXA scans were performed
using a GE Healthcare Lunar iDXA (GE Healthcare) and analyzed with the Encore software
v. 13.6, revision 2. T-scores were obtained by using peak bone mass from the manufacturer’s
reference population (age 30). T-scores less than −1.0 and −2.5 indicate osteopenia and
osteoporosis, respectively, according to WHO criteria [24].

2.5. Other Questionnaires

A comprehensive health questionnaire was completed by study participants about
demographics, physical activity (how many days per week did participant exercise for at
least 20 min), lifestyle factors, reproductive health history, medication, and supplement use.

2.6. Statistical Analyses

Descriptive statistics were generated by calculating frequencies and percentages
for categorical variables and means and standard deviations for continuous variables.
We examined relationships between the continuous variables of interest using Pearson’s
correlations. Physical activity was reported in days per week of exercise and for data
analysis, a dichotomous variable was created as follows: high physical activity (at least
four days per week of 20 min of physical activity) and low physical activity (less than four
days per week of 20 min of physical activity).
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A multiple linear regression model using the backward method was fit to identify
which variables were most related to WC, and the initial model included age (years),
medication use category, as described below, parity (yes/no), exercise (low/high), HEI
score, DII score, years since menopause, fat intake (g), and glycemic load of the diet. All
variables were checked for multicollinearity prior to inclusion in the initial model. Post-
hoc power analysis for the multiple regression model was calculated and the observed
statistical power was 0.999.

To further explore the relationship between WC and medication use, analysis of covari-
ance was performed including age as a covariate. Medication use was classified into three
categories: low (if participants reported taking one medication or none, regularly), medium
(if participants reported taking 2 to 4 medications, regularly), and high (if participants
reported taking five or more medications, regularly).

To examine the relationship between diet quality and WC, linear models were fit
adjusting for age and using HEI score quartile as the independent variable. We also used
Pearson’s or Spearman correlations and linear models to explore relationships between
BMD, dietary variables, and physical activity in a subsample of participants who completed
DXA scans. All p-values < 0.05 were considered statistically significant and adjustment for
multiple comparisons was done by the Bonferroni test. All analyses were performed using
IBM SPSS version 26.0 (IBM Corp., Armonk, NY, USA).

3. Results

3.1. Study Participants

Table 1 shows the selected characteristics of the study population. Dietary data were
available for all 937 participants, but information about years since menopause and physical
activity was missing for 43 and 123 participants, respectively. The majority of participants
were White (97.2%) and less than 1% were Hispanic. Mean BMI was 25.1 kg/m2 and
55.6% of the participants were classified as normal weight, while 33.5% and 10.9% were
classified as overweight and obese, respectively. Between 7 and 27% of participants took a
prescription medication from the categories listed in Table 1. Noticeably, while 34.7% did
not report taking any prescription medications, 28.5%, 18%, and 19.5% reported taking one,
two, or three or more prescription medications, respectively.

Table 1. Selected characteristics of postmenopausal women who participated in the Minnesota Green
Tea Trial.

Characteristic N Mean (SD) or
Frequency (%)

(Min–Max)

Age (years) 937 59.8 (5.0) (50.1–71.2)
Years since menopause 894 10.7 (7.4) (1.0–40.1)

BMI (kg/m2) 932 25.1 (3.7) (18.2–43.7)
Waist circumference (cm) 935 83.6 (10.2) (60.3–120.5)

Healthy Eating Index (HEI) 937 72.6 (8.2) (41.8–92.5)
Dietary Inflammatory Index (DII) 937 0.002 (2.2) (−4.5–4.8)

Glycemic load 937 83.5 (32.8) (16.4–256.9)
Protein (g) 937 58.2 (23.2) (7.7–181.0)

Calcium from diet (mg) 937 764.5 (352.4) (87.1–1950.3)
Calcium from supplements (mg) 937 283.2 (285.6) (0–714.3)

Vitamin D from diet (μg) 937 3.33 (2.31) (0.35–14.12)
Vitamin D from supplements (μg) 937 3.56 (3.32) (0–7.14)

Physical activity 814
Less than 4 days/week 363 (44.6)
4 or more days/week 451 (55.4)

Education 937
Less than college degree 238 (25.4)

College degree 420 (44.8)
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Table 1. Cont.

Characteristic N Mean (SD) or
Frequency (%)

(Min–Max)

Graduate/Professional degree 273 (29.8)
Parity 931

No 218 (23.4)
Yes 713 (76.6)

Dietary Supplement Use 937
No 115 (12.3)
Yes 822 (87.7)

Medications
Depression/Anxiety 934 156 (16.7)

Blood Pressure 935 187 (20.0)
Statins 935 194 (20.7)

Anticoagulants 935 253 (27.0)
Thyroid 935 162 (17.3)

Osteoporosis 935 76 (8.1)

3.2. Dietary Intake

The mean HEI score for the participants was 72.6 (Table 1). Figure 1 depicts a radar
plot of the thirteen components used to calculate the HEI stratified by WC category. The
plot indicates that although the consumption of fruits, vegetables, seafood, and plant
proteins, refined grains, and added sugars were within 90% of the recommended amounts,
consumption of whole grains, dairy, total protein, sodium, and fats were inadequate.
Consumption of whole grains and sodium met only 40% of the recommended amounts,
while consumption of total protein met 70% of recommendations. In addition, the mean
daily dietary calcium intake was 764.5 mg, indicating that this population was consuming
only 63.7% of the recommended 1200 mg per day for women older than 51 years [16].
The intake increased to 1048 mg per day, when calcium supplements were added, which
was still not sufficient to reach the dietary recommendation. Only 12.5% of participants
had adequate intakes of calcium without counting with supplements. When calcium
supplements were considered, 35.2% of the participants had adequate intakes, even though
68.9% reported taking a calcium supplement. Mean intakes of vitamin D from dietary
sources and supplements were 3.33 μg and 3.56 μg per day, respectively. More than half of
the participants reported taking a vitamin D supplement (66.6%). Mean total vitamin D
was 6.88 μg, indicating that less than 50% of the recommended amount was met.

HEI score was inversely associated with DII (r = −0.347, p < 0.001) and waist circum-
ference (r = −0.152, p < 0.001), while DII was strongly and negatively associated with
glycemic load (r = −0.676, p < 0.001). DII scores ranged between −4.54 and 4.81, with a
mean DII score of 0. When we looked at DII scores and glycemic load stratified by quartiles
of HEI score, we found a significant association between quartiles of HEI score and DII
scores, F (3932) = 35.7, p < 0.001, η2 = 0.104. The findings indicated that mean DII scores
were significantly lower for quartiles 2, 3, and 4 of HEI score, compared with quartile 1.
No significant relationships were found between HEI scores and glycemic load (Table 2).
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Figure 1. Radar plot showing the thirteen components of the Healthy Eating Index score stratified
by WC for postmenopausal women who participated in the Minnesota Green Tea Trial. Mean HEI
scores for those with WC > 88 cm and WC ≤ 88 cm were 73.7 and 75.4, respectively.

Table 2. Dietary Inflammatory Index (DII), glycemic load, and waist circumference means stratified
by quartiles of HEI score (N = 937).

Variables HEI Quartiles

Q1 (41.8–67.4) Q2 (67.5–73.2) Q3 (73.3–78.3) Q4 (78.4–92.5)

DII 0.90 (0.13) 0.36 (0.13) −0.26 (0.13) −0.99 (0.13)
p-values 1 0.028 0.000 0.000

Glycemic Load 86.14 (2.15) 80.63 (2.14) 80.84 (2.14) 86.27 (2.15)
p-values NS NS

WC 85.89 (0.66) 84.49 (0.66) 83.39 (0.66) 80.73 (0.66)
p-values NS 0.043 0.000

Abbreviations: DII: Dietary Inflammatory Index; HEI: Healthy Eating Index; NS: Non-Significant; WC: Waist
Circumference. 1 p-values for comparisons with Q1.

3.3. Waist Circumference

WC measurements were available for 935 of the 937 participants. The mean of WC
was 83.6 cm. When classifying participants into high and low risk of chronic disease using
a WC cut-off of 88 cm [25], it was found that approximately 30% of study participants were
at high risk. There was also a significant relationship between WC and HEI quartiles; after
adjusting for age, F (3925) = 10.7, p < 0.001. WC was lower as quartiles of HEI increased,
as seen in Table 2. Figure 1 shows that the components of the HEI were very similar for
women classified as high risk versus those classified as low risk of chronic disease as per
WC values.

We examined whether age, medication use, physical activity category, dietary (HEI
score, DII score, fat intake, glycemic load), and reproductive variables (years since
menopause, parity) were associated with WC by fitting a multiple linear regression model.
Overall, the variables selected were not found to be good predictors of WC, as evidenced
by a small R2 = 0.054 (p < 0.0001) (Table A1). Noteworthy was the fact that mean WC
for women who reported not taking any medications regularly was 82.2 cm (SE = 0.6)
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compared with 85.1 cm (SE = 0.6) for those who reported taking five or more medications
regularly (p = 0.001). Women who reported exercising less than four times per week had
higher mean WC (84.4 cm, SE = 0.5) compared with those who reported exercising four or
more times per week (81.8 cm, SE = 0.4).

3.4. Bone Mineral Density

Mean BMD was 1.16 g/cm3. T-scores ranged from −1.4 to 3.4, but only two partici-
pants were classified as osteopenic, as indicated by T-scores below −1.0. There were no
significant correlations between BMD and HEI, total calcium, or total vitamin D intake.
BMD was significantly correlated with DII (r = −0.182, p = 0.046) and age (r = −0.223,
p = 0.014), and there was a trend toward a significant correlation with physical activity
expressed in days per week of at least 20 min of physical activity (rs = 0.136, p = 0.052).

4. Discussion

The present study aimed at investigating the relationships between diet quality, as-
sessed by calculating the HEI-2015 and the DII, and other lifestyle variables collected
from a large sample of postmenopausal women who participated in the MGTT [18]. Our
population’s HEI score indicates that only 72.6% of the dietary guidelines were being
met, with more pronounced deficits in whole grain, dairy, and total protein. Participants
met recommendations for the intake of fruits and vegetables while total protein intake
recommendations were not achieved, which is not in agreement with national data trends.
Previously published data collected from the National Health and Nutrition Examina-
tion Survey (NHANES) in 2015–2016 showed that adults between 18 and 64 years had a
HEI-2015 score of 58, with adequate intakes of total protein but noticeable deficits in fruit,
vegetable, dairy, fatty acids, and whole grain intake [26]. Dairy intake in this study was
30% below the recommended amounts, which may explain the lower intake of calcium.
Use of calcium supplements was reported by 68.9% of the participants and total calcium
intake was improved significantly with the use of calcium supplements, increasing from
764 mg to 1048 mg (87.3% adequacy). When we looked at vitamin D intake, we found
that only 45.9% of the recommended intake (15 μg/day) was met by study participants.
It is thought that adequate calcium and vitamin D intake is especially important after
menopause due to the decreases in bone mineral density associated with lower circulating
estrogen [27], but controversy exists about the relationship between calcium and vitamin D
intake and bone mineral density or risk of fractures. Bristow et al. [10] did not find any
relationships between calcium intake and BMD in a cohort of osteopenic postmenopausal
women over the age of 65 years. Similarly, a meta-analysis of randomized clinical trials
indicated that the use of calcium and/or vitamin D supplements was not associated with a
significant difference in risk of hip fractures compared to the placebo [28]. Findings from
the Women’s Health Initiative (WHI) randomized controlled trial of calcium plus vitamin
D supplementation indicated a 1% increase in hip bone density in the group that received
1000 mg calcium with 400 IU vitamin D, but no significant effects on hip fractures were
found in the intent-to-treat analysis [29]. However, in subgroup analyses, it was reported
that adherent women had a 29% reduction in hip fractures. Interestingly, this trial also
found that supplements of calcium plus vitamin D increased the risk of renal calculi by
17%. Jackson et al. [30] also found that hip BMD was strengthened in postmenopausal
women with the combination of calcium and vitamin D supplements. We also looked at
the potential relationship between calcium and vitamin D intake and BMD data that was
available for 121 participants in the present dataset, but we did not find any significant
associations between BMD and calcium or vitamin D intake. These findings are not entirely
surprising considering that vitamin D status is influenced by several factors including
sun exposure, genetics [31], and obesity [32]. Even though vitamin D intake by study
participants did not meet recommendations, vitamin D status may have been adequate,
which would also support the normal BMD data described here. Notwithstanding, it is
recommended that postmenopausal women, particularly those living in areas where sun
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exposure during winter months is not sufficient to produce vitamin D in the skin, consume
adequate amounts of vitamin D through the diet and/or supplements when sufficient
intake cannot be achieved.

Physical activity was crudely measured in this study by asking study participants to
report the number of days in which they engaged in at least 20 min of physical activity. It
was found that approximately 45% of the women reported engaging in physical activity
less than four times per week, while 55% engaged in four or more days per week of
physical activity. In the subsample of 121 participants for whom a bone density scan
was obtained, we found a nearly significant weak correlation between BMD and number
of days per week of physical activity. These findings are in line with a large number of
published studies examining the role of physical activity on BMD in postmenopausal
women [15,33]. Unfortunately, we were not able to further explore the relationship between
BMD and physical activity in the present report due to the small number of women for
whom BMD data were available, and because physical activity was not assessed through a
validated questionnaire or through more objective measures such as using a pedometer or
an accelerometer.

DII score was calculated as another measure of diet quality in the present study. The
mean DII score for our population was 0. This finding is in agreement with a previous
study that reported a DII score of −0.62 for a subsample of postmenopausal women who
participated in the WHI study [34]. In the WHI, DII score was significantly associated with
levels of IL-6 and TNF-α-R2, which provided evidence for the validity of the DII score.
Other studies have found significant associations between DII score and risk of disease
such as colorectal cancer [22], cardiometabolic disease [35], and osteoporotic fractures [36].
Orchard et al. [36] used longitudinal data from the WHI to investigate the relationships
between DII and risk of fractures as well as BMD measured by DXA. It was found that
a higher DII score was associated with hip fracture risk only in White women younger
than 63 years and the authors speculated that the much greater risk of fracture that occurs
with older age would outweigh the benefits of a less inflammatory diet. The findings
also indicated that lower loss of hip BMD occurred in women who consumed a less
inflammatory diet (lower DII scores) over a six-year period [36]. Our findings seem to
support this association between DII scores and BMD as we found a significant but weak
negative correlation between BMD and DII (r = −0.182) in a subsample of our population.
We also found a significant inverse correlation between DII score and HEI score. This
was an expected finding, considering that higher DII scores indicate a more inflammatory
diet, which would translate into a lower HEI. DII score was also strongly associated with
glycemic load (r = −0.676, p < 0.001). To our knowledge, no previous studies have examined
the associations between glycemic load and DII in postmenopausal women. In contrast
with our study, Kim et al. [37] found that DII score was not correlated with glycemic load
in a sample of 110 college students living in the southern U.S. These findings may be
partially explained by the differences in dietary patterns between college students and
postmenopausal women. For example, Kim et al. [37] reported HEI scores for female
college students ranging between 34 and 61, while our HEI scores ranged from 42 to 92,
indicating that postmenopausal women consume a higher quality diet.

WC and BMI were the primary anthropometric measures used in this study. Our
data show that only 10.9% of study participants were classified as obese. This figure is
almost four times lower than the prevalence data available for a representative sample of
U.S. women, which indicated that 39.8% of non-Hispanic white women older than 20 were
obese in 2017–2018 [38]. WC data indicated that 30% of participants were at high risk for
disease using the cut-off value of 88 cm. Interestingly, HEI score as well as the components
of the HEI were very similar between the high risk and the low risk women, indicating
that differences in WC in this population may not be related to diet quality. One possible
explanation for our findings could be that women who were interested in participating in
the Minnesota Green Tea Trial were more likely to practice healthier lifestyle behaviors,
which would lead to lower body weight. We also found that women who reported taking
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five or more medications regularly had higher WC compared with women who reported
taking one or none, suggesting that higher WC was associated with the presence of risk
factors for disease. Some of the most common medications reported by participants were
anticoagulants, statins, antidepressants, blood pressure, and thyroid medications.

One limitation of the present study includes the racial background of study partici-
pants, which was primarily White and thus limits generalizability of our findings to other
racial groups. It should also be noted that all women enrolled in the MGTT had been
recently diagnosed with dense breasts, based on mammographic density. It is possible
that these women showed higher HEI scores and lower DII scores than other populations
because they were more concerned about breast cancer risk. Another limitation was the
inclusion of only 28 out of the 45 food parameters used to calculate the DII score, which
may have contributed to a less accurate estimation of the participants’ dietary inflam-
matory potential. However, as described earlier, we believe that the omission of certain
foods might not have significantly affected the DII scores, considering the low intake of
these foods in Western cultures. The questionnaire used to assess physical activity in this
population was not a validated instrument, and as such, may not have accurately assessed
physical activity in this population. Finally, data on BMD was only obtained for a small
subsample of 121 women, which limited the power of statistical tests that were conducted
using this variable.

5. Conclusions

Our findings support the notion that White postmenopausal women living in a U.S.
Midwestern state and recently diagnosed with dense breasts engage in a healthier lifestyle
compared to a national sample of women older than 20 years, as evidenced by higher
HEI scores and lower prevalence of obesity. In contrast, it was found that intake of dairy,
calcium, and vitamin D was not adequate in this population. BMD data did not indicate
the prevalence of osteopenia or osteoporosis in a subsample of the participants and, despite
the lack of evidence for a strong association between calcium intake and BMD [39], future
studies are needed to shed light on the relationship between calcium and vitamin D intake
and the health outcomes of postmenopausal women.
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Appendix A

Table A1. Multiple linear regression model of predictors of waist circumference in White post-
menopausal women (N = 751).

B SE(B) β p 95% Confidence Interval

Constant 83.974 4.953 - 0.000 74.251, 93.697
Age 0.215 0.071 0.111 0.003 0.075, 0.355

HEI score −0.168 0.042 −0.143 0.000 −0.251, −0.085
Physical Activity 1 −1.985 0.694 −0.102 0.004 −3.348, −0.623
Medication use 2 −1.491 0.729 −0.075 0.041 −2.923, −0.060

B: unstandardized regression coefficient; SE(B): Standard Error of B; β: standardized coefficient. 1 Reference
category is low exercise (less than four days of exercise per week). 2 Coefficient refers to category 1 (taking one or
less medications regularly). Reference group is category 3 (taking five or more medications regularly).
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Abstract: Menopause, probably the most important natural change in a woman’s life and a major
component of female senescence, is characterized, inter alia, by cessation of ovarian estrogen and
progesterone production, resulting in a gradual deterioration of the female immune system. Hormone
replacement therapy (HRT) is used in postmenopausal women to relieve some of the peri- and
postmenopausal symptoms, while there is also evidence that the therapy may additionally partially
reverse menopausal immune senescence. Flavonoids, and especially isoflavones, are widely used for
the treatment of menopausal symptoms, although it is not at present clear whether they can reverse or
alleviate other menopausal changes. HRT reverses the menopausal CD4/CD8 ratio and also limits the
general peri- and postmenopausal inflammatory state. Moreover, the increased levels of interleukins
(IL)-1β, IL-6, and IL-8, as well as of tumor necrosis factor-α (TNF-α) are decreased after the initiation
of HRT. However, some reports show no effect of HRT on IL-4, IL-10, and IL-12. It is thus evident
that the molecular pathways connecting HRT and female immune senescence need to be clarified.
Interestingly, recent studies have suggested that the anti-inflammatory properties of isoflavones
possibly interact with inflammatory cytokines when applied in menopause treatments, thereby
potentially reversing immune senescence. This narrative review presents the latest data on the effect
of menopausal therapies, including administration of flavonoid-rich products, on age-associated
immune senescence reversal with the aim of revealing possible directions for future research and
treatment development.

Keywords: flavonoids; isoflavones; hormone replacement therapy; menopause; immune senescence;
inflammation; inflammatory cytokines; immune system
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1. Introduction

Menopause, which is characterized by the termination of the ovarian production of
estrogen and progesterone and is considered to be the most important natural change
in a woman’s life, is accompanied by a large number of correlated changes. In order to
alleviate some of these, such as menopausal vasomotor symptoms and genital atrophy,
and to prevent or reduce bone loss, hormone replacement therapy (HRT) is frequently
used by peri- and postmenopausal women. However, there are a number of additional
applications of hormone treatment (HT), in which hormones are administered for other
medical purposes in humans or tested in animal models.

Flavonoids are a class of polyphenolic compounds: isoflavones are the most widespread,
mainly found in legumes, grains, nuts, and vegetables, with soybeans being the richest source.
They have been used successfully for the treatment of menopausal symptoms and have also
shown a favorable effect on prevention and treatment of osteoporosis in postmenopausal
women [1–3].

Another result of the menopausal transition is the senescence, or aging, of the female
immune system. In this setting, a reduced immune response develops, as well as an
increased inflammatory state, which condition results in the triggering or exacerbation of
an array of disorders [4].

The last decade has seen the publication of several studies reporting the considerable
beneficial effect exerted by female sex hormones both on postmenopausal conditions and
on the immune system, especially with regard to autoimmune diseases and infections [5].
The authors, meanwhile, also demonstrated the manner in which low estrogen levels
compromise the immune response, thus predisposing women to disease and infection [6–9].
A number of studies have, moreover, pointed to the contribution of ovarian sex steroid loss
towards immune senescence among women, while also showing that menopausal hormone
therapy (MHT) is capable of delaying several of these changes [10]. In addition, recent
in vitro studies have revealed the anti-inflammatory effects of isoflavones, mentioned
above, as evidenced by a reduction in the levels of inflammatory cytokines [11–13].

Since it is well-known that ovarian steroids modulate the immune response, it could
be suggested that HRT may possibly reverse immune senescence. Nevertheless, the exact
molecular pathways connecting HRT and immune senescence have not to date been
elucidated. Chronic inflammation, promoted by certain lifestyle factors, is known to play
a key role in human health by inducing diseases that lead to morbidity and mortality. It
is of interest to note that the increased vascular inflammation [14] observed in women in
early menopause, as compared to age-matched premenopausal women, is mirrored by a
similar phenomenon that manifests from birth in premature newborns of both sexes [15,16],
a condition which lasts throughout life [17–20].

Given that reduction of inflammation shows clear improvement in certain cases,
deeper insight into the molecular pathways of the inflammatory cascade may well offer
highly promising options for future treatments [21].

In this narrative review, we present the most recent data concerning the impact of
hormonal menopausal therapies and isoflavones on the immune system and potential,
resultant senescence reversal with the aim of revealing possible directions for future
research and treatment development, while we also discuss flavonoid-rich products that
may be used for pharmaceutical purposes or as functional foods.

2. Basic Functions of the Immune System Related to Immune Senescence

The prime function of the human immune system is to provide protection from exter-
nal pathogens and to fight infection: this is accomplished via its recognition of self and non-
self antigens, while it also assesses microbial threats and deals with their elimination [22].
It is, moreover, essential for minimizing any damage done to tissues, an action that inhibits
the development of such disorders as autoimmune diseases. This extraordinary process of
fine-tuning is made possible via the subtle interplay between the two vital strands of the
immune system, namely, innate and adaptive immunity [23].
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The actions of the innate immune system, which constitutes the body’s first line of
defense against diseases nonspecific for any pathogen, are mediated by natural killer
(NK) cells, neutrophils, macrophages, and dentritic cells. All the latter identify microbial
nonself pathogens by means of pattern recognition repeaters (PRRS), of which toll-like
receptors (TLR) compose the best characterized family. NK cells mediate recognition of
missing or altered self through expression of an array of activating and inhibitory recep-
tors. Macrophages and neutrophils, meanwhile, participate in the removal of pathogens
via phagocytosis, whereas activation of these macrophages and neutrophils results in
an inflammatory response on account of the formation of interleukin (IL)-6, IL-8, and
interferon-α (IFN-α). Finally, IL-6, acting as a proinflammatory cytokine, activates IL-1
and IL-10 while also inhibiting tumor necrosis factor-α (TNF-α): it thereby stimulates the
autoimmune and inflammatory process in a range of diseases. IL-8, a neutrophil chemo-
tactic factor, is increased by oxidant stress, inducing localized inflammation by cleaving
metalloproteinase molecules [24]. IFN-α, an inflammatory cytokine that may be inhibited
by IL-10, induces immune dysfunction in autoimmune diseases while also mediating tissue
inflammation [25].

The two types of lymphocytes of the adaptive immune response are T and B cells,
which are able to recognize and respond specifically to each pathogen. B cells, or B lympho-
cytes, produce large quantities of antibodies specific to an antigen, while T lymphocytes,
which are categorized into one cluster of differentiation 4 (CD4) cells and one cluster
of differentiation 8 (CD8) cells, identify small peptides as antigens, while inflammatory
molecules, such as IL-7 and IL-5, play an essential part in T-cell homeostasis [26]. CD4,
which acts as a co-receptor of the T-cell receptor (TCR), assists the latter through its com-
munication with antigen-presenting cells, while both CD4 and the TCR complex bind
to separate regions of the antigen-presenting MHC class II molecule, thereby helping to
stabilize weak TCR interactions and enhancing TCR signaling [27].

Finally, it is important to underline that COVID-19 infection is characterized by a
significantly better outcome in women, with male sex being considered a poor prognostic
factor. A possible explanation for the latter may be the interaction between sex hormone
levels and the immune system in women during reproductive age [28].

3. Hormone Treatment and the Immune System

Over the last two decades, numerous studies have been conducted to investigate the
impact of hormone treatment on the immune system. The interactions between estrogen,
progesterone, HRT, and the cells of the immune system as observed in women and in
animal models are explored below.

3.1. Estrogen and the Human Immune System

A very interesting finding is that high estrogen levels in humans are associated with
better vaginal immunization [29]. In vitro studies in humans similarly found that the
presence of E2 promoted maturation of dendritic cells and differentiation of naïve CD4 T
cells into T helper type 2 (TH2) cells [30]. On the other hand, it is reported that estradiol
(E2) limits the efficiency of mature dendritic cells and their ability to stimulate T-cell
proliferation [31].

Estrogen administration promotes production of Bcl-2, an anti-apoptotic molecule in
B cells, and it is suggested that it subsequently increases the autoreactive resistance of B
cells to apoptosis [32].

A recent study, moreover, demonstrated that estrogens lead to greater antibody affin-
ity maturation by upregulating activation-induced deaminase (AID) and increasing the
somatic hypermutation frequency and class-switch recombination [33].

3.2. Estrogen Treatment in Animals: Effects on Immune System

A large number of experimental data show that estrogens promote the protective Th1
response that follows parasitic infections. More specifically, in an animal model of parasitic
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infections, hormone treatment with 17-β estradiol (E2) in male mice resulted in higher
expression of IFN-γ and lower levels of IL-10 in spleen cells [34]. The same effect was
also noted in female ovariectomized mice treated with E2, which induced production of
significantly higher levels of IFN-γ and antibodies [35], while HRT treatment in this model
caused a lower degree of weight loss and of hematocrit diminution.

The protective role of estrogens has additionally been demonstrated in another animal
study in which E2 treatment increased resistance to Toxoplasma gondii infections in female
and also in male mice models [36].

In a mouse model, E2 administration to ovariectomized females resulted in a protec-
tive effect against HSV-2 infection [37]. The same protection was also observed in female
rhesus macaques against transmission of SIV (simian immunodeficiency virus): this is a
retrovirus that causes persistent infections in 45 or more species of African nonhuman
primates [38]. In another murine HSV-2 challenge model, a study was made of the immune
response after vaccination of ovariectomized females treated with E2. Ovariectomized
females exhibited the same immune response to vaccination as unvaccinated controls,
while the administration of E2 enhanced protection and significantly decreased disease
severity [39]. However, the antibody titers in the E2-treated group were not found to be sig-
nificantly higher compared to those of the control group, with only improved neutralization
being reported.

It has, in addition, been determined that the estrogen-related receptor (ERR) effect on
macrophages is necessary for the adequate production of interferon gamma (IFN-γ) and
for an efficient immune response after infection with Listeria monocytogenes [40]. It is also
observed that estrogens enhance B-cell activation and IgG production [41].

Concerning the effect of estrogens on T cells by use of peripheral blood mononuclear
cells (PBMC), until now the reported data remain contradictory [42]. However, it is of note
that in vitro studies point to a potential bias towards a Th2 response [43] and regulatory T
(Treg) polarization [44] following E2 administration.

3.3. Progestogen and the Immune System in Humans and Animals

An association between Depo-Provera and increased incidence of chlamydia, HSV-2,
HI, and HPV was confirmed with clinical studies in adult women [45]. On the other hand,
progesterone is found to promote T-cell response [40], while it simultaneously diminishes
the efficiency of dendritic cells (DCs) in the uptake of antigenic peptides [46]. Macrophages
and DCs that were exposed to progesterone revealed a lower state of activation compared
to that of untreated cells [47] and reduced apoptosis in NK cells [48]. Of note, progesterone
is able to induce skewing of CD4 T-cell responses to Th2-type responses [49].

The same phenomenon was found in female animal models with prolonged exposure
to progesterone, which resulted in increased susceptibility to HSV-2 genital infection [50],
chlamydia trachomatis [51], SIV [52], and SHIV [53]. Moreover, progesterone treatment in
mouse models reduced production of nitric oxide (NO) and macrophage activation [54].

3.4. HRT and the Immune System

In human studies, it was found that women taking HRT have higher lymphocyte
numbers compared with post-menopausal women not receiving HRT [55]. This difference is
already obvious within the first month after treatment initiation. There are also indications
that HRT restores the levels of circulating monocytes in menopausal women to levels seen
in women with menstruation [56].

HRT specifically counteracts the effects of menopause on B cells. It is hypothesized
that the menopause brings about a large reduction in B cells, and specifically in B2 cell
production; after administration of HRT B cells, production is increased [57]. By contrast,
other human studies have demonstrated no effect of HRT on the menopausal changes
to the T-cell line [55,58,59]. More explicitly, no improvement in the women’s health was
observed with the reduction in the percentage of naïve T cells, the elevation of activated T
cells, or the accumulation of memory T cells. However, this could possibly be attributed to
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the subjects’ biological aging rather than to menopausal transition. Also to be considered
are the different types of hormonal therapy used in the various studies, which may, while
relieving menopausal symptoms, also, to varying degrees, slow down the menopausal
changes of the immune system.

The CD4/CD8 ratio of T cells decreases with age and is associated with reduced
resistance to infection, while the percentage of NK cells is increased compared to that in
young women. It is well-known that after menopause, this ratio is significantly reduced,
together with the actual number of circulating B cells. HRT has been found to substantially
neutralize these changes, while there are studies reporting that combined hormone therapy
resulted in immediate increase of circulating B cells and especially in B2 population of B
cells, as well as of T cells to a lesser extent [60,61]. Of special note, while estrogen therapy
in hysterectomized women did not bring about a significant change in CD4 T cells or
NK cells [62], in contrast, another study in menopausal nonhysterectomized women [63]
following estrogen therapy demonstrated a reduction in CD8 T cells and a subsequent rise
in the CD4/CD8 ratio, this revealing improved status of the immune system.

4. HRT and Specific Inflammatory Molecules

4.1. Human Studies

Menopause is in general characterized as an inflammatory state, which is mainly
due to the increased levels of proinflammatory and inflammatory cytokines [2]. Various
studies investigating the effect of HRT on inflammatory molecules have, however, differed
significantly with regard to the regimen used for HRT (transdermal estrogen, tibolone),
the daily dosage, and the duration of administration (3 to 6 months). Most of the data
come from studies including mainly women in early postmenopause, a time period during
which there is a continuous increase of FSH and decrease of estradiol—this lasting for
about 2 years following the last menstrual period (STRAW+10 criteria) [64].

It has been established that in postmenopausal women, IL-1β, TNF-α, and IL-6
are significantly higher compared to levels in women of reproductive age [65]. HRT
also increases the expression of IL-6 and soluble Il-6 receptor [66]; however, the latter
menopausal inflammatory state characterized by increased cytokine concentrations is not
detected or is noted to a lesser degree in women on estrogen therapy [67]. While the existing
studies on inflammatory cytokines remain controversial, they nonetheless generally point
to a decline in menopausal inflammation after HRT ( Table 1; Table 2).

More specifically, IL-6 levels are seen to have decreased in postmenopausal women
receiving transdermal estrogen as soon as 3 months after the first prescription [68]. There-
fore, it is suggested that IL-6 levels have a negative correlation with transdermal estrogens
in HRT users, which is the same as that seen in women in menopause aged 40 to 65 years
without any treatment. In another, smaller, human study though, IL-6 levels were found to
be higher in women taking combined HRT compared to nonusers after PBMC stimulation
by lipopolysaccharide (LPS) [67].

There are data showing no reversal of TNF-α increase in women who are on HRT [69],
while levels of IL-6 are negatively correlated with serum estradiol concentration [70],
leading to reduced inflammatory response with increased estradiol.
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Table 1. Inflammatory molecule actions in menopausal women and after HRT use for menopause (NS: not studied).

Mediator
Molecular

Weight (Da)
Menopause
(Humans)

HRT
(Hormone

Replacement
Treatment)

HRT
Regimen

Dose Duration Study
Participants

IL-1β 30,748 Increased [1] No effect [70]
Low

transdermal
estrogen

1 mg/day 3 months 66

IL-4 17,492 Controversial
data [1,67] No effect [67] Tibolone 2.5 mg/day 6 months 49

IL-6 23,718 Increased
[1,62,68]

Decreased
[68]

Low-dose
transdermal

estrogen
1 mg/day 3 months 66

IL-8 11,098 Increased
[1,68] NS

IL-10 20,517 Increased
[1,67]

No effect
[66,67]

Transdermal
estrogen

50
microg/day 3 months 30

Tibolone 2.5 mg/day 6 months 49

IL-12 24,874 Increased
[1,67] No effect [67] Tibolone 2.5 mg/day 6 months 49

TNF-α 25,644 Increased
[1,62,67]

NS

No effect
[67,70]

Low-dose
transdermal

estrogen
1 mg/day 3 months 66

Tibolone 2.5 mg/day 6 months 49

The changes of IL-10 and IL-12 levels in menopausal transition are also not as yet
fully clarified, with some studies reporting an increase and others a decrease during
menopause [4]. However, HRT and transdermal estrogen have shown no effect on IL-10
levels [68,69]. With regard to IL-8, there is a negative correlation with estrogen levels in
both human [70] and animal studies [71].

Another study demonstrated elevated markers of vascular repair along with improved
microvascular reactivity following short-term administration of low-dose transdermal
estradiol therapy in overweight/obese menopausal women, though no change was noted
in levels of inflammatory molecules, including IL-1β, IL-6, MCP-1, and TNF-α [72].

IFN-γ is observed to be decreased in menopausal women and in women who have
undergone bilateral oophorectomy [4]. After the initial treatment, IFN-γ increases [62]—
while combined hormone therapy has been found to reduce IFN-γ production [73], this
possibly attributable to progesterone’s opposing effect.

Tibolone, a synthetic steroid with estrogenic, progestogenic, and androgenic prop-
erties, is used widely as a treatment option in menopausal women. To date, there are,
however, limited data concerning its effect on the immune system. In a human study, it was
reported that tibolone had no effect on reversing the menopausal impact on IL-4, IL-10, IL-
12, and TNF-α plasma levels [69], probably due to a combination of the above properties.

4.2. Animal Studies

In Table 2, we present all the data from animal studies that used primates, as well as
menopause study models with other animals. It must be borne in mind that most animal
models were rats, with different life expectancy and with mostly gonadectomy-induced
menopause.

It has been noted that chronic E2 administration in ovariectomized animal models
considerably increases the inflammatory cytokines IL-1β, IL-6, and TNF-α, and also of NO
synthase in thioglycate-elicited macrophages [74], confirming previous reports that showed
anti-inflammatory effects from short-term exposure to estrogens and enhanced production
of proinflammatory cytokines in chronic exposure [75,76]. Furthermore, a recent study in
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ovariectomized rats reported that serum levels of TNF-α and IL-6 were increased, while
treatment with estrogen or raloxifen or tamoxifen normalized these levels [77].

A study in ovariectomized rats showed that the increased levels of IL-6 and TNF-
α were reduced after treatment with 17-β estradiol [78]. The same study reported that
treatment with tibolone additionally reduced TNF-α, while there was no impact on IL-6
levels [78]. The same effect was also demonstrated in atrial natriuretic peptide (ANP)
concentration, which was increased after HRT with tibolone, implying that tibolone has
better anti-inflammatory effects compared to those of 17β-estradiol and could prevent
cardiovascular disease.

Table 2. Inflammatory molecule actions in animal studies in menopause and after HRT use in
menopause (NS: not studied).

Mediator
Menopause
(Humans)

HRT (Animals) HRT Regimen

IL-1β Increased [1] Decreased [75] Estrogen, raloxifen, tamoxifen

IL-4 Controversial data
[1,67] NS

IL-6 Increased [1,62,68]
Decreased [78] Estrogen, raloxifen, tamoxifen

No effect [78] Tibolone

IL-8 Increased [1,68] NS

IL-10 Increased [1,67] NS

IL-12 Increased [1,67] NS

TNF-α Increased [1,62,67] Decreased [77,78] Estrogen, raloxifen, tamoxifen,
tibolone

5. Nutritional Supplementation with Flavonoids and the Immune System

Apart from hormone specimens, alternative approaches are additionally currently
being developed for the alleviation of menopausal symptoms. Among them, nutritional
supplementation with estrogen-like substances has, over the last decade, attracted a con-
siderable amount of research interest.

Flavonoids are a class of polyphenolic secondary metabolites that are found in plants
and are regularly consumed in the human diet. Until now more than 5000 flavonoids
from various plants have been characterized. Based on their chemical structure, they
are divided into subgroups, with the subgroup of isoflavones being the most commonly
found, and are particularly important since they act as phytoestrogens in humans [79].
Isoflavones are mainly contained in soybeans, green beans, mung beans, cowpeas, kudzu
roots, red clover sprouts, soy milk, peanuts (genistein), and green tea. The richest source
of isoflavones is found in soybeans, with soy-derived foods and ingredients containing
various concentrations of isoflavones.

In a human study of menopausal women taking either soy milk with 71.6 mg isoflavones
or a supplement of 70 mg isoflavones for 16 weeks, an increase in circulating B cells was de-
tected [80], while in an in vitro model, isoflavones resulted in increased IL-10 production [81].
The same trend of enhancement of the activities of cytotoxic T cells and NK cells was also
observed in a human model using daidzein and genistein [82] and in a murine model [83]
investigating the isoflavone genistein. Another animal study of ovariectomized female rats
reported that nutritional supplementation with soybean or soybean and green tea enhanced
the proliferative potential of B and T cells as well as of NK cell killing [84]. The same study,
moreover, noted improved chemotaxis and macrophage production of reactive oxygen species
(ROS), which have been demonstrated as being associated with ovarian function and estrogen
levels [85].

Moreover, soymilk with 71.6 mg isoflavones or a supplement of 70 mg isoflavones for
16 weeks have been found to result in higher B-cell populations in healthy postmenopausal
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women, while the compounds have, in addition, been shown to have a protective role
against DNA damage in menopausal women [80].

6. Isoflavones and Inflammation in Menopausal Women

There are data revealing a reduction in the inflammatory molecules IL-6 and
TNF-α in women’s plasma levels after they received nutritional supplementation with
isoflavones [86–88] (Table 3).

Chi et al., using soy isoflavones at a dose of 90 mg/day for 6 months, noted a reduction
in the levels of IL-6 and TNF-α [86]. Moreover, Nadadur et al. also observed a reduction in
levels of TNF-α, but no effect on IL-6 levels using food supplementation with either 50 mg
isoflavones or 15 g soy protein in the form of tofu for 8 weeks [87]. Another study with
80 mg isoflavones (60.8 mg of genistein, 16 mg of daidzein, and 3.2 mg of glicitein) for
6 months showed reductions in TNF-α levels [88].

Recent in vitro studies have described the anti-inflammatory effects of isoflavones on
peripheral blood mononuclear cells stimulated with lipopolysaccharide, thereby reducing
IL1-β, IL-2, IL-6, and TNF-α levels [89,90].

Table 3. Inflammatory molecule actions in menopausal women and in vitro experiments after isoflavones use (NS: not studied).

Mediator Molecular Weight (Da) Menopause (Humans) Isoflavones (Humans) Isoflavones (In Vitro)

IL-1β 30,748 Increased [1] No effect [91] Decreased [89,90]

IL-4 17,492 Controversial data
[1,67] NS NS

IL-6 23,718 Increased [1,52,68]
Decreased [86]

Decreased [89]
No effect [87,91,92]

IL-8 11,098 Increased [1,68] No effect [93] NS

IL-10 20,517 Increased [1,67] NS NS

IL-12 24,874 Increased [1,67] NS NS

TNF-α 25,644 Increased [1,62,67]
Decreased [86–88]

Decreased [89,90]
No effect [80,91]

Nevertheless, it must also be stressed that studies have been published showing no impact
of this alternative approach on the immune systems of menopausal women. Moreover, a
number of studies demonstrate no change in IL-2, TNF-α, and IFN-γ levels [80,91]. Among the
latter are the study of Ryan-Borchers et al., who used either soy milk with 71.6 mg isoflavones or
a supplement of 70 mg isoflavones for 16 weeks [80], and that of Beavers et al., who conducted
a trial with soy milk for 4 weeks [91]. Other reports demonstrated no change in IL-6 levels
with either 50 mg isoflavones or 15 g soy protein in the form of tofu for 8 weeks [87];
nor did the study by Huang et al., using soy milk with 112 mg isoflavones for 8 weeks,
show any positive results [92]. Similarly concerning IL-8 levels, no change was detected
after a supplement intake of 100 mg isoflavones (33 mg of genistein, 93.5 mg of dadzein,
and 3.2 mg of glycitein) for 10 weeks [93]. The above data point to the fact that there is
as yet insufficient evidence to support nutritional supplementation with isoflavones for
enhancement of the immune response among menopausal women.

7. Conclusions

Taken together, the above-reported data reveal that the impacts of HRT on the immune
system and its senescence remain to date unclear in many respects. Nevertheless, what
appears evident is that HRT reverses the menopausal CD4/CD8 ratio and moderates the
overall inflammatory state. Another beneficial effect is the fact that the increased levels of
interleukins 1β, 6, 8, and TNF-α are reversed after HRT. As concerns other molecules, no
effect of HRT has been observed on IL-4, 10, and 12.
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The discrepancies noted between the available studies are partially attributable both to
the large variety of current hormone replacement regimens, as these are shown in Table 1,
and to the lack of consensus regarding the optimum immune parameters to be applied. It
is thus necessary for more studies, both experimental and clinical, to be conducted in order
to elucidate the observed alterations in concentrations in other mediators of the molecular
pathways connecting HRT and the immune system.

An exact understanding of the impact of HRT and isoflavones on the functioning
of the immune system will be the cornerstone for establishing targeted therapies for
menopausal women. These future therapies will have the advantage of overcoming the
effects of menopause without the side effects of the existing treatment options. At the
same time, flavonoid-rich products, such as flavonoid-rich green tea, isoflavone-rich soy,
flax seed, flavonol quercetin, and isoflavones, could be the basis for the development of
pharmaceutical products and/or functional foods in the future.

Another interesting aspect is that targeted therapies may also improve the immune
response to infection, inflammation, and vaccination of menopausal women, leading to the
subsequent reduction of the consequent morbidity and mortality in this age group.

To conclude, an important focus of future research should be assessment of disease
severity and mortality in menopausal women who have received either hormone therapy
or flavonoids, compared to women who have had no treatment, or men of the same
age group.
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Abstract: Increases in depression are common in some elderly women. Elderly women often show
moderate depressive symptoms, while others display minimal depressive symptoms. These dis-
crepancies have produced contradictory and inconclusive outcomes, which have not been explained
entirely by deficits in neurotransmitter precursors. Deficiency in some amino acids have been impli-
cated in major depression, but its role in non-clinical elderly women is not well known. An analysis
of essential amino acids, depression and the use of discriminant analysis can help to clarify the
variation in depressive symptoms exhibited by some elderly women. The aim was to investigate the
relationship of essential amino acids with affective, cognitive and comorbidity measures in elderly
women without major depression nor severe mood disorders or psychosis, specifically thirty-six
with moderate depressive symptoms and seventy-one with minimal depressive symptoms. The
plasma concentrations of nineteen amino acids, Beck Depression Inventory (BDI) scores, Geriatric
Depression Scale (GDS) scores, global cognitive scores and comorbidities were submitted to stepwise
discriminant analysis to identify predictor variables. Seven predictors arose as important for belong
to the group based on amino acid concentrations, with the moderate depressive symptoms group
characterized by higher BDI, GDS and cognitive scores; fewer comorbidities; and lower levels of
L-histidine, L-isoleucine and L-leucine. These findings suggest that elderly women classified as
having moderate depressive symptoms displayed a deficiency in essential amino acids involved in
metabolism, protein synthesis, inflammation and neurotransmission.

Keywords: depression; cognition; symptoms; elderly; amino acids; comorbidities

1. Introduction

According to the World Health Organization [1], depressive symptoms include feel-
ings of sadness, hopelessness, pessimism, and low self-esteem; a decrease in or loss of
ability to feel pleasure; reduced energy and vitality; slowness of thought; loss of appetite
and disturbed sleep or insomnia. These depressive symptoms are prevalent among elderly
individuals [2], with a higher incidence in elderly women [3]. In some elderly women,
the symptoms extend from mild to severe and need medication [4], whereas in other el-
derly women, symptoms are minor or absent, maybe representing the common depressive
symptoms of typical elderly women [5]. Affective studies have demonstrated that for some
elderly women, severe symptoms of depression may be difficult to recognize because they
may exhibit different symptoms than in younger people [1]. For some elderly women with
depression, sadness is not their main symptom, they may have other, less obvious symp-
toms of depression, probably related to other comorbidities and cognitive impairment [6].
Depression in elderly individuals is multifactorial, which makes its assessment difficult [7];
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however, deficiencies in some amino acids involved in brain metabolism can be a relevant
factor for alterations in mood [8]. Some studies have suggested an association between
plasma amino acids and psychosis in mixed populations [9]. Individuals with the first
episode of psychosis had reduced γ-aminobutyric acid (GABA) plasma levels [10] and
decreased levels of proline, alpha-aminoadipic acid, kynurenine, valine, tyrosine, citrulline,
tryptophan, and histidine compared to controls [11]. Another study found low levels of
tryptophan associated with major depression [12]. Some studies have also reported low
levels of tryptophan, methionine, phenylalanine, and tyrosine [13,14], as well as GABA,
dopamine, tyramine and kynurenine in patients with major depression compared to con-
trols [15]. Branched-chain amino acids have been implicated in major depression, although
they have not been extensively analyzed. Low levels of leucine were reported in patients
diagnosed with bipolar disorder [16], whereas leucine, valine and isoleucine levels were
decreased in middle-aged patients of both genders with major depression [17]. However,
most results related to biomarkers are inconsistent due to the heterogeneity of depression
and the diverse methodology used, such as the inclusion of individuals of different ages,
sexes and diagnoses [18].

Depressive symptoms are not sufficiently characterized in elderly women over 65 years
of age because there are elderly women who show moderate depressive symptoms, while
others display minimal depressive symptoms. According to the American Psychiatric
Association, minor depressive symptoms are characterized by symptoms that often pass
unnoticed because the presence of depressed mood is not detected, nor the inability to enjoy
things. In contrast, moderate depressive symptoms are characterized by the manifestation
of symptoms that produce some difficulty in continuing with activities of daily living,
whose intensity may cause discomfort but is manageable. These discrepancies have pro-
duced ambiguous outcomes, which have not been resolved completely by factors related to
depression. Most studies have used correlation analysis to identify relationships between
depressive scores and declining amino acid levels in individuals of different ages who were
diagnosed with major depression. In some investigations, this approximation has provided
appropriate understanding, but other investigations have informed conflicting outcomes.
The interpretation of correlation analysis is suitable but limited when one demands to de-
tect the features that differentiate two groups and to establish a function capable of discern
between the members of the two groups with the large feasible accuracy. Discriminant
analysis allows the prediction of group membership from a set of predictors (independent
variables) separating these variables from others that are orthogonally independent [19];
hence, discriminant analysis is an appropriate statistical method to detect the variables that
allow differentiation between groups and to establish how many of these variables are re-
quired to reach the optimal feasible categorization [20]. An examination of the discriminant
function coefficients of amino acid profiles and affective, global cognition and comorbidity
measures between moderately and minimally depressed women, undiagnosed with major
depressive disorder, by discriminant analysis may help us in enhancing our comprehension
of the impact of amino acid deficiencies on depressive symptoms.

The aim of the present research was to examine the amino acid profiles and the mood,
global cognitive and comorbidity measures in elderly women with moderate and minimal
levels of depressive symptoms, to identify, through discriminant analysis, predictor vari-
ables that best classify subjects. This classification could help to elucidate the variation in
depressive symptoms shown by some elderly females related with optimal or deficiencies
in amino acid concentrations. We expected that the moderate depressive symptoms group
would exhibit profile variables that could reflect alterations in mood based on depressive
symptom scores, global cognitive scores, the number of comorbidities and plasma amino
acid profiles.
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2. Materials and Methods

2.1. Participants

Ninety-seven elderly women between 65 and 79 years of age participated in this
cross-sectional study. The elderly women were recruited from a senior center. This center
provides health care to elderly women through recreational and occupational activities. The
study only included a sample of elderly women without signs of pre-existing severe mental
disorders, according to the Diagnostic and Statistical Manual of Mental Disorders, 5th
Edition (DSM-5) [21]. Women with severe major depression, bipolar disorder, dysthymia,
dysphoria or psychosis such as schizophrenia were excluded from the study. Therefore,
this is a non-clinical sample that describes the depressive symptoms of a group of elderly
women attending a senior center. To estimate the statistical power of the sample size of 97
women, the mean and standard deviations were obtained. The BDI [22] depressive scores
for each group were used to separate the patients into two groups. A power of 0.80 was
regarded to identify a 10% contrast in BDI scores, with a significance level of α = 0.05. The
power of this sample size was appropriate to continue with the examination of the variables
of the current research, with a large effect size (Cohen’s d = 0.83). Since females show
more susceptibility to depression [23], only females were selected for this investigation.
The elderly women were divided into a minimal depressive symptoms group (n = 61) and
a moderate depressive symptoms group (n = 36) according to their scores of depressive
symptoms on the BDI questionnaire. So, the two groups were contrasted. The stratification
criterion was based on these punctuations: 61 elderly women who scored between 0 and
9 were classified in the minimal depressive symptoms group, whereas 36 elderly women
who scored between 10 and 29 were classified in the moderate depressive symptoms
group. Thus, a high score was indicative of moderate depressive symptoms [5]. The elderly
women were examined in a unique session (between 0900 h and 1000 h) by one trained
investigator, who asked them about their additional illnesses, medications and hormone
replacement therapy. The elderly women included in the study were not treated with
antidepressant. This research was approved by the Research and Ethics Committee of the
Faculty of Medicine of the National Autonomous University of Mexico (No. 007-2018).
All of the elderly females conceded written informed consent before to participate in the
investigation.

2.2. Depression Questionnaires

The BDI questionnaire [22], in a standardized version for the Mexican population [24],
was used to evaluate self-reports of current depressive symptoms in 97 elderly women. The
BDI questionnaire consists of 21 items that measure current depressive symptoms. Each
item contains a group of four statements, from which the subject chooses one according
to how she felt in the last week. These statements reflect the severity of the discomfort
produced by depressive symptoms and are marked from 0 (minimal) to 4 (severe). The total
score of scale is obtained by adding the scores for the 21 items, with 0 as the lowest score
and 64 as the maximum score. Individual questions of the BDI assess mood, pessimism,
sense of failure, self-dissatisfaction, guilt, punishment, self-dislike, self-accusation, suicidal
ideas, crying, irritability, social withdrawal, body image, work difficulties, insomnia,
fatigue, appetite, weight loss, bodily preoccupation, and loss of libido. Items 1 to 13 assess
symptoms that are psychological in nature, while items 14 to 21 assess more physical
symptoms. In the present study, we used the cut-off points to categorize the severity of
depression according to the version of the BDI questionnaire adapted for the Mexican
population [24]. A score of 0 to 9 reflected the absence or minimal presence of depressive
symptoms; 10 to 16 indicated a medium depression; 17 to 29 reflected moderate depression
and scores of 30 to 63 indicated severe depression. Since only one elderly woman scored
in medium depression, she was aggregated with the elderly women who scored in the
17 to 29 range, so scores from 10 to 29 were considered moderate depressive symptoms.
Furthermore, one of the participants who scored in the range of 30 to 35 was excluded
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from the study. Depressive scores were compared between groups with minimal and
moderate symptoms.

The GDS questionnaire [25], in a standardized version for the Spanish-speaking
population [26], was also used to identify symptoms of depression in elderly women. The
GDS questionnaire evaluates sadness, lack of energy, positive mood, social withdrawal,
agitation, feelings of worthlessness, feelings of despair and perception of cognitive changes.
Each item on the GDS is scored with one point for a depressive response. Items are summed
to determine the total score with a maximum of 30 points. Scores ranging from 0 to 9
indicate normal mood, scores of 10 to 19 indicate mild depressive symptoms, and scores of
20 to 30 indicate severe depressive symptoms.

2.3. Dementia and Global Cognition

Initial dementia and general cognition were assessed employing the Mini-Mental
State Examination (MMSE) [27] in a standardized version for the Spanish-speaking pop-
ulation [28] to establish cognitive status in different areas that can be related to different
cognitive symptoms. These cognitive symptoms include temporal and spatial orientation,
immediate memory and retention, concentration and working memory, language and
graphic constructive praxis. Possible scores on this examination range from 0 to 30, and
subjects with dementia usually score under 24.

2.4. Quantification of Amino Acids

Before the depressive symptom evaluation period, a 10 mL blood sample was ob-
tained from an antecubital vein from the women between 0800 h and 0900 h after a
nocturne fast. Blood samples were centrifuged at 25 ◦C to get plasma. The plasma was
accumulated, distributed into 2 mL tubes, and stored at −80 ◦C until examination. The
quantification of the amino acids in the plasma was performed using an Agilent 1100
HPLC system (Agilent Technologies, Santa Clara, CA, USA) based on the procedure
reported by Henderson et al. [29]. The following 19 amino acids were quantified with
this method: L-aspartate, L-glutamate, L-asparagine, L-serine, L-glutamine, L-histidine,
L-glycine, L-threonine, L-citrulline, L-arginine, L-alanine + taurine, GABA, L-tyrosine,
L-valine, L-methionine, L-tryptophan, L-phenylalanine, L-isoleucine and L-leucine.

2.5. Discriminant Analysis

The current investigation executed stepwise discriminant analysis [19] to create a
model to prognosticate which groups the subjects belong to. Also, to determine predictor
variables of moderate and minimal depressive symptoms in elderly women based on
their BDI depressive scores, GDS depressive scores, MMSE scores, comorbidities and
amino acid profiles. We employed discriminant analysis because we were focused in
detecting prognostic variables of group membership [30]; therefore, the discriminant
analysis was executed after the females were divided into moderate and minimal depressive
symptom groups.

2.6. Statistical Procedure

Statistical procedure and the power of the sample were determined with the Statistical
Package for the Social Sciences (SPSS) version 23, IBM, New York, NY, USA. We used a
two-tailed α value of 0.05 and a β value of 0.80 to calculate a standardized effect size of 10%
based on the BDI scores between groups. Prior to statistical procedures were employed,
the data were inspected for distribution normality applying the Kolmogorov-Smirnov
test. Partial Wilks’ lambda was used to compare the means of the characteristics of the
elderly women and their amino acid profiles between the two groups. A stepwise multiple
discriminant analysis [19] was executed to detect latent variables as predictors of moderate
and minimal depressive symptoms in elderly women based on their BDI depressive scores,
GDS depressive scores, MMSE scores, comorbidities, and plasma concentrations of amino
acids. Contrasts were considered as significant when p was <0.05.
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3. Results

3.1. Characteristics of the Participants and Depressive Symptoms

Sample characteristics included age, years of schooling, age at menarche, age at
menopause, weight, height, body mass index, systolic arterial pressure, diastolic arte-
rial pressure, comorbidities, BDI depression scores, GDS depression scores and MMSE
scores, which are presented in Table 1. The results show the test of equality of group
means with the coefficients of the partial Wilks’ lambda derived from the discriminant
analysis. The BDI and GDS depression scores were significantly elevated in the moderate-
depressive group, which indicated that this group scored between 10 and 29 on the BDI
and between 9 and 14 on the GDS, respectively. None of the elderly women had severe
depressive symptoms. There were no noteworthy contrasts among the minimal and
moderate depressive symptoms groups in the rest of their features or in their dementia
indexes or comorbidities. The most prevalent comorbidities reported by the elderly women
included hypertension (63%), osteoporosis (69%), arthritis (52%), gynecological disease
(78%), surgery (94%) and kidney disease (67%). Other diseases (62%) included glaucoma,
migraine, hepatitis, hypothyroidism, diabetes, allergies and sinusitis.

Table 1. Features of the elderly women with minimal and moderate depressive symptoms.

Features
Minimal

Mean ± SD
Moderate

Mean ± SD
Partial Wilks’ Lambda F Value p Value

Age (years) 66 ± 6.0 67 ± 5.7 0.993 0.67 0.41
Years of education 8 ± 5.6 6 ± 4.0 0.976 2.35 0.12
Age at Menarche 12 ± 1.0 13 ± 1.0 0.992 0.958 0.35

Age at Menopause 48 ± 3.9 47 ± 4.0 0.998 −1.022 0.25
Weight (kg) 72 ± 13.0 68 ± 7.0 0.981 −0.426 0.10

Size (m) 1.5 ± 0.10 1.5 ± 0.10 0.978 −0.805 0.92
BMI (kg/m2) 30 ± 5.0 28 ± 3.0 0.973 0.112 0.91
TAS (mmHg) 113 ± 11.0 127 ± 9.0 0.992 0.335 0.40
TAD (mmHg) 70 ± 6.0 75 ± 5.0 0.966 0.633 0.08
Comorbidities 2 ± 0.9 2 ± 1.0 0.998 0.22 0.64

GDS depression scores 3 ± 3.6 9 ± 5.7 0.715 38.20 0.0001
BDI depression scores 4.5 ± 2.6 18 ± 6.6 0.331 194.00 0.0001

MMSE scores 24.5 ± 4.3 26 ± 3.1 0.987 1.24 0.27

MMSE = Mini Mental State Examination; BMI = Body Mass Index; TAS = Systolic arterial tension; TAD = Diastolic arterial tension.

3.2. Amino Acid Profiles

The plasma amino acid profiles of the minimal and moderate depressive symptom
groups are presented in Table 2. The results show the test of equality of group means
with the coefficients of the partial Wilks’ lambda derived from the discriminant analysis.
Plasma concentrations of L-methionine were elevated in the moderate depressive symptom
groups, while L-isoleucine levels were elevated in the minimal depressive symptom groups.
L-Aspartate, L-glutamate, L-asparagine, L-serine, L-glutamine, L-histidine, L-glycine, L-
threonine, L-citrulline, L-arginine, L-alanine + taurine, GABA, L-tyrosine, L-valine, L-
methionine, L-tryptophan, L-phenylalanine and L-leucine did not display notable contrasts
between the moderate and minimal depressive symptom groups. Discriminant analysis
revealed additional elements, which are exposed below.
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Table 2. Amino-acid profiles (μM) of the elderly women with minimal and moderate depressive symptoms.

Amino-Acids
Minimal

Mean ± SD
Moderate

Mean ± SD
Partial Wilks’ Lambda F Value p Value

L-Aspartate 3.2 ± 4.2 4.2 ± 3.9 0.986 1.367 0.24
L-Glutamate 166.6 ± 153.2 173.6 ± 90.5 0.999 0.066 0.79

L-Asparagine 27.2 ± 7.0 26.6 ± 7.0 0.998 0.157 0.69
L-Serine 105.3 ± 24.8 110.2 ± 18.4 0.988 1.164 0.28

L-Glutamine 383.2 ± 139.2 361.8 ± 102.3 0.993 0.656 0.40
L-Histidine 62.0 ± 10.8 59.8 ± 8.3 0.988 1.158 0.28
L-Glycine 272.6 ± 74.2 251.9 ± 72.0 0.981 1.825 0.18

L-Theonine 104.9 ± 24.4 107.5 ± 28.8 0.998 0.237 0.62
L-Cirtrulline 23.8 ± 6.5 25.2 ± 7.1 0.990 1.007 0.31
L-Arginine 48.0 ± 21.3 50.7 ± 20.0 0.996 0.386 0.53

L-Alanine + Taurine 195.4 ± 45.3 192.8 ± 39.8 0.999 0.086 0.77
GABA 2.2 ± 2.0 2.6 ± 2.8 0.991 0.916 0.34

L-Tyrosine 58.6 ± 12.7 63.1 ± 16.9 0.979 2.009 0.16
L-Valine 182.8 ± 27.8 192.8 ± 32.3 0.973 2.635 0.10

L-Methionine 25.3 ± 8.0 28.7 ± 9.7 0.966 3.429 0.05
L-Tryptophan 32.7 ± 7.1 34.5 ± 9.7 0.984 1.552 0.21

L-Phenylalanine 51.5 ± 8.5 51.5 ± 8.1 1.000 0.002 0.96
L-Isoleucine 55.9 ± 14.5 49.3 ± 11.7 0.939 6.232 0.01

L-Leucine 123.0 ± 22.0 119.5 ± 20.2 0.993 0.651 0.42

GABA = γ-aminobutyric acid

3.3. Discriminant Analysis

The discriminant analysis results are displayed in Table 3. Discriminant analysis de-
tected seven latent variables as predictors of moderate and minimal depressive symptoms:
BDI scores, GDS scores, MMSE scores, comorbidities, L-histidine, L-isoleucine, L-leucine
and one discriminant function, which described 100% of the variance, canonical = 0.864.
The canonical correlation value was squared to estimate the effect size of the discriminant
function, R2 = 0.74, which showed a large effect size. This discriminant function signifi-
cantly differentiated the depressive groups, Wilks’s lambda = 0.253; χ2 = 127.20, df = 7,
p < 0.001. The small lambda indicates that the group means diverge. The eigenvalue
was great at 2.956, showing that the function differentiates well among the groups, and
the canonical correlation was near to 1 (0.86). Standardized canonical discriminant func-
tion coefficients showed that BDI scores, GDS scores, MMSE scores, comorbidities and
L-isoleucine had a positive relationship, whereas L-histidine and L-leucine had a negative
relationship with this function. High punctuations demonstrate that a dependent variable
is crucial for a variate, and variables with positive and negative coefficients contribute to
the variate in opposite ways [30]. Structure matrix coefficients showed that BDI scores
(0.82) and GDS scores (0.36) had high canonical correlations and contributed the most to
group separation, whereas L-isoleucine (0.14), MMSE scores (0.06), L-leucine (0.04) and
comorbidities (0.02) contributed less and L-histidine (−0.06) contributed in the opposite
manner. High canonical variate correlations indicate that these variables contribute the
most to group separations.
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Table 3. Outcomes of standardized canonical discriminant function coefficients and predictor vari-
ables ordered by absolute size of correlation within function.

Predictor Variables
Standardized
Coefficients

Structure
Matrix

F Ratio p Value

BDI depression scores 0.961 0.827 194.00 0.0001
MMSE scores 0.386 0.066 102.35 0.0001
Comorbidities 0.396 0.028 74.60 0.0001

L-Histidine −0.196 −0.064 58.87 0.0001
GDS depression scores 0.333 0.367 49.34 0.0001

L-Isoleucine 0.508 0.148 42.39 0.0001
L-Leucine −0.396 0.048 38.00 0.0001

Canonical correlation 0.864
Effect size R2 0.74
Eigenvalue 2.956

Wilks’ lambda 0.253
x2 127.20 0.0001

GDS = Geriatric Depression Scale; BDI = Beck Depression Inventory; MMSE = Mini Mental State Examination.

The estimate of the functions at group centroids distinguished the centroids of the
moderate-depressive symptoms group, which were situated in the positive zone (2.185),
whereas the centroid of the minimal-depressive symptoms group was situated in the
negative zone (−1.325). These outcomes showed that the groups with values opposite
in sign were discriminated by the functions. Of the 61 elderly women who were in the
minimal-depressive symptoms group, 61 (100%) were correctly classified as members of
that group, and the 36 who were in the moderate-depressive symptoms group, 36 were
also correctly classified supported on the selected variables.

The outcomes of classification function coefficients in moderate- and minimal-depressive
symptom groups supported on Fisher´s linear discriminant functions are displayed in
Table 4. These coefficients mention us between which of the groups the specific functions
discriminate and permit us to establish to which group each subject most probable belongs.
These coefficients revealed that the moderate-depressive symptoms group displayed high
coefficients in the predictor variables, which suggests that this group had higher BDI, GDS,
and MMSE scores; fewer comorbidities; and reduced levels of L-histidine, L-isoleucine, and
L-leucine contrasted to the minimal-depressive symptoms group.

Table 4. Outcomes of classification function coefficients in moderate and minimal depressive
symptom groups.

Predictors Moderate Symptoms
Minimal

Symptoms

BDI depression scores
GDS depression scores

MMSE scores

0.579 −0.157
1.201 0.943
2.243 1.903

Comorbidities
L-histidine

0.276 1.658
0.365 0.434

L-isoleucine
L-leucine

0.019 −0.120
0.220 0.286

Fisher´s linear discrimination functions

Our results showed, through the structure matrix, that the coefficients with high and
low canonical correlations were used to establish group membership. They seem to indicate
some associations. However, a causality cannot be established with this analysis, so future
studies should consider the inclusion of other analysis, methods and variables.
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4. Discussion

The current study identified seven factors as significant predictors of group member-
ship based on amino acid concentrations, depression scores and global cognitive scores,
with the moderate depressive symptoms group characterized by higher BDI, GDS scores,
and cognitive scores; fewer comorbidities; and lower levels of L-histidine, L-isoleucine and
L-leucine. These results indicate that elderly women classified in the moderate depressive
symptoms group exhibited deficiencies in essential amino acids in addition to self-report
of depressive symptoms. Our outcomes also revealed that patients with minimal depres-
sive symptoms had optimal concentrations of essential amino acids. This could explain,
at least in part, the moderate depressive symptoms exhibited by some elderly females.
Moreover, discriminant analysis successfully classified group membership; hence, the
differences between the groups could be established. The present study did not perform
additional analyzes to find definitive causal relationships between essential amino acids
and depression. However, the discriminant analysis provides a multivariate analysis that
include χ2, canonical correlations, and through the structure matrix, the coefficients with
high and low canonical correlations are obtained and used to establish group membership
associations [19], based on the essential amino acids and depression.

The present study showed that BDI and GDS depressive scores were two variables
that emerged as predictors of depression in elderly women classified into the moderate
depressive symptoms group. This group exhibited elevated depressive symptoms on
the BDI [22] and GDS [25] questionnaires, suggesting moderate depressive symptoms
according to their normative data. The elderly women analyzed here had high scores on
the BDI questionnaire, mainly for items that evaluated negative thoughts and attitudes,
which could contribute to the maintenance of their depressed mood [31]. GDS evaluates
depressive symptoms in the elderly people. However, some factors share similarities with
BDI, such as sadness, lack of energy, social withdrawal, feelings of worthlessness or despair.
In our study, it was notable to observe that BDI and GDS depression scores were higher in
the moderate depressive symptoms group. This suggests that the intensity of depressive
symptoms was detected in a similar way by both questionnaires. In a sample with similar
characteristics, moderate depressive symptoms were also reported in middle-aged women
without major depression [5], which is consistent with our results.

In the current research, comorbidities were another variable that arose as a predictor.
The comorbidities were higher in the minimal depressive symptoms group and lower in
the moderate depressive symptoms group. The most prevalent comorbidities reported by
the elderly women included hypertension, osteoporosis, arthritis, gynecological disease,
surgery and kidney disease. Other diseases included glaucoma, migraine, hepatitis, hy-
pothyroidism, diabetes, allergies and sinusitis. These comorbidities have been related to
depressive symptoms [6,32], which partially coincides with our outcomes. These multiple
comorbidities found in elderly women analyzed here makes them delicate individuals. A
study conducted in elderly hospitalized individuals demonstrated that malignancy, dia-
betes, coronary artery disease, chronic kidney disease and chronic obstructive pulmonary
disease were more frequent in men, but hypertension, osteoarthritis, anemia and depression
were more frequent in women [33]. These findings coincide and support our results, even
though we had not considered men in our study, seem to highlight the gender differences
that impact the development of diseases in vulnerable elderly. Another study identified
different frailty phenotypes, differently associated with adverse events, as multimorbidity
and cognitive impairment in old patients [34], which is consistent our outcomes. Some
studies have reported certain protective factors associated with depressive symptoms in
older adults. Social support to manage health problems and the role engagement in social
activities, volunteer work or religion have a significant influence on the manifestation of
depression [35]. One study found that the hobbies and indoor activities was associated with
lower odds of elevated symptoms for men and women, while the volunteer and community
activities was associated with lower odds of depressive symptoms for women [36]. In our
study, elderly women attended a senior center that provides recreational and occupational
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activities, which could influence depression and comorbidities. It has been suggested
that resilience in some elderly individuals can support adaptation to comorbidities for
successful aging [37], which could explain, at least in part, our findings in the moderate
depressive symptoms group.

In the present study, MMSE scores were other variable that emerged as a predictor of
moderate depressive symptoms. It has been reported that depressive symptoms predict
cognitive decline in elderly individuals [38,39]. Specifically, a decrease in scores for global
cognitive function (MMSE) and cognitive flexibility was associated with depressive symp-
toms in nondemented elderly women [40]. In addition, elderly individuals with severe
depression had twice risk for cognitive dysfunction [41]. These results partially support
our findings found in the moderate depressive symptoms group. Furthermore, in our
research, the elderly women were recruited from a senior center, which provides health
care and recreational activities. In this non-clinical sample, no signs of psychosis or other
states such as bipolar disorders were detected. Therefore, the results in the MMSE could
not be influenced by these disorders. Moreover, it was remarkable to observe that the
scores obtained in the MMSE did not show significant differences between the two study
groups. However, the discriminant analysis established suitable group membership for
MMSE scores.

Notably, in our investigation, L-isoleucine and L-leucine were two essential amino
acids that emerged as predictors of moderate depressive symptoms. L-Isoleucine is an
essential amino acid that the body cannot manufacture, so it must be obtained through
the diet. The benefits of L-isoleucine may include regulating blood glucose, participating
in hemoglobin synthesis, and reducing postworkout fatigue and central fatigue [42,43].
L-Leucine is an activator of the mammalian target of rapamycin that regulates protein
synthesis, tissue regeneration and metabolism [44]. In the brain, L-leucine serves as a
metabolic precursor of fuel molecules that are forwarded by astrocytes to adjacent neural
cells for brain energy metabolism [45]. L-Leucine also participates in the regulation of the
neurotransmitter glutamate [46]. The moderate depressive symptoms group of elderly
women analyzed here had less L-isoleucine and less L-leucine, suggesting deficits in
protein synthesis and brain energy metabolism. These deficits also suggest alterations in
neurotransmitter glutamate and glucose metabolism, which are crucial to brain function
and neural cell vitality [47]. These deficits could explain, at least in part, our outcomes
found in elderly women with moderate depressive symptoms. One study revealed that
patients diagnosed with bipolar disorder and major depression showed low levels of
leucine and isoleucine, and these amino acids were negatively correlated with depressive
scores [16,17], which partially supports our findings.

In our investigation, L-histidine was another amino acid that emerged as a predictor
of moderate depressive symptoms. L-Histidine is an essential amino acid that has a role
in protein components and is a precursor of histamine involved in inflammation. Brain
histamine is synthesized from L-histidine in the presence of histidine decarboxylase to play
a role as a neurotransmitter in the brain to balance mood, the sleep cycle, learning, memory,
alertness, regulation of appetite and the perception of pain [48]. Since histamine is required
for many brain processes, low levels of histamine can manifest as depression, anxiety
and poor motivation [48], probably related to a reduction in histamine receptors [49]. The
moderate depressive symptoms group of elderly women analyzed here had less L-histidine,
suggesting deficits in brain histamine, which could induce depressive symptoms. Our
outcome is partially supported by a study that showed that histidine intake improved
depression, attentiveness, concentration and mental task performance [50].

The findings of the present study have implications for clinical practice in the devel-
opment of strategies for the prevention of depressive symptoms associated with protein
deficiency in vulnerable older adults. Our results will also serve to apply treatments with
balanced diets to decrease the manifestation of depressive symptoms in elderly individuals.
However, the present study has limitations: First, we did not include elderly women diag-
nosed with major depression that could help support the effects of essential amino acids in
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severe depression. Second, we did not evaluate the food intake of elderly women that could
help clarify the relationship with protein intake and depressive symptoms. Third, we did
not include elderly men without major depression to establish comparisons with gender.
Fourth, we did not include elderly women without depression to establish comparisons
with the group studied here with the moderate depressive symptoms, which should be
included in future studies. The strength of this study is that we used a discriminant analysis
to establish deficiencies in essential amino acids related to moderate depressive symptoms,
which could reflect alterations in nutrition. Even though the present study did not measure
food intake, protein deficiency has been associated with depression in older adults [51]
and middle-aged individuals [52]. These results partially support our findings found in
elderly women. Since essential amino acids, L-isoleucine and L-leucine, serve as signaling
molecules regulating metabolism of glucose, lipid, and protein synthesis, and immunity, a
dietary optimizing of these essential amino acids will have health benefits [53].

5. Conclusions

In summary, our results emphasize that the moderate depressive symptoms group
was characterized by higher BDI, GDS, and global cognitive scores; fewer comorbidities;
and less concentration L-histidine, L-isoleucine and L-leucine. These results suggest that
this group showed a deficiency in essential amino acids involved in metabolism, protein
synthesis, inflammation and brain neurotransmission, which could influence depressive
symptomatology. This insufficiency could be related to nutritional deficiencies, particularly
protein intake.
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Abstract: This study investigated the relationship between headache and dietary consumption of a
variety of nutrients in middle-aged women. This cross-sectional analysis used first-visit records of
405 women aged 40–59 years. The frequency of headaches was assessed using the Menopausal Health-
Related Quality of Life Questionnaire. Of the 43 major nutrient intakes surveyed using the brief-type
self-administered diet history questionnaire, those that were not shared between women with and
without frequent headaches were selected. Multiple logistic regression analysis was used to identify
nutrients independently associated with frequent headaches. After adjusting for background factors
related to frequent headache (vasomotor, insomnia, anxiety, and depression symptoms), the estimated
dietary intake of isoflavones (daidzein + genistein) (mg/1000 kcal/day) was negatively associated
with frequent headaches (adjusted odds, 0.974; 95% confidence interval, 0.950–0.999). Moreover,
the estimated isoflavone intake was not significantly associated with headache frequency in the
premenopausal group, whereas it significantly correlated with that in the peri- and post-menopausal
groups. Headache in peri- and post-menopausal women was inversely correlated with the dietary
intake of isoflavones. Diets rich in isoflavones may improve headaches in middle-aged women.

Keywords: menopause; isoflavone; daidzein; genistein; headache

1. Introduction

Headache is quite common among women and is one of the most prevalent symptoms
of menopause [1]. Most menopausal symptoms checklists include headache, and in our
previous cross-sectional study, headaches were the 13th most common menopausal symp-
tom of the 21 categories, with 52.8% of middle-aged women complaining of headache at
least once a week [2]. The two most common subtypes of headache are tension headaches
and migraines. The former is reported to be unchanged or worsened after menopause in
more than two-thirds of female patients [3]. Contrarily, as the latter can be triggered by
estrogen withdrawal, symptoms tend to improve after menopause [4] although it is still
reported in 11–24% of post-menopausal women [4].

Studies have shown that specific diets, such as a low-calorie diet, carbohydrate-
restricted diet, and weight-loss diets for obese patients, can improve headaches [5]. In
a randomized controlled trial of 182 patients, high n-3 fatty acid diets ameliorated the
frequency and severity of headache compared to the control diet [6].

The effect of diet on fluctuating estrogen-related headaches has also been studied.
Namely, vitamin E intake has been reported to improve menstrual migraine in a double-
blind controlled trial [1]. However, there have been few reports on the relationship between
diet or nutrients and headaches especially in women transitioning through menopause.
This study aimed to investigate the relationship between headache and dietary nutrient
intake in middle-aged Japanese women.
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2. Materials and Methods

2.1. Study Population

In the present cross-sectional study, we used the first-visit records of 2090 Japanese
women enrolled in the Systematic Health and Nutrition Education Program (SHNEP)
conducted at the Menopause Clinic of Tokyo Medical and Dental University, Tokyo, Japan,
between March 1995 and January 2021. All participants in the program visited or were
referred to our clinic for the treatment of menopausal symptoms. Of these, 494 responded
to the Menopausal Health-Related Quality of Life Questionnaire (MHR-QOL) [7] and the
brief-type self-administered dietary history questionnaire (BDHQ) [8,9]. The 46 patients
treated with hormone replacement therapy, 35 patients younger than 40 years or older
than 59 years, and 4 patients with unknown menopausal status were excluded, leaving
409 patient records included for analysis.

The research protocol was reviewed and approved by the Tokyo Medical and Dental
University Review Board (number: 774, approval date: 23 March 2010), and written
informed consent was obtained from all participants. This study was conducted following
the Declaration of Helsinki.

2.2. Menopausal Status

We classified the women into three menopausal statuses: premenopausal, perimenopausal,
and postmenopausal. The premenopausal group had regular menstrual periods over the
past three months, the perimenopausal group had experienced menstruation in the past
12 months but not in the past three months or had irregular menstrual cycles, and the
postmenopausal group had no menstruation in the past 12 months.

2.3. Physical Assessment

Body composition variables, such as body mass index, body fat percentage, fat mass,
lean mass, muscle mass, and basal metabolism, were measured using a bioimpedance ana-
lyzer (MC190-EM; Tanita, Tokyo, Japan). Height, weight, and waist and hip circumference
were measured to calculate body mass index and the waist–hip ratio. Body tempera-
ture was measured using a thermometer. Resting metabolic rate was estimated from the
respiratory volume using an indirect calorimeter (Metavine-N VMB-005 N; Vine, Tokyo,
Japan). Additionally, cardiovascular parameters, including blood pressure, heart rate,
cardio-ankle vascular index, and ankle-brachial pressure index, were measured using a
vascular screening system (VS-1000; Fukuda Denshi, Tokyo, Japan). We also conducted a
physical fitness test to assess power, reaction time, and flexibility. Hand-grip strength was
measured twice with a hand dynamometer (Yagami, Nagoya, Japan), and the mean value
(kgf) was calculated using the larger value of the two measurements. The test for reaction
time was repeated seven times with the ruler-drop test using a wooden ruler (Yagami,
Nagoya, Japan) with a length of 60 cm and a weight of 110 g. The ruler-drop test was
carried out by allowing a seated participant to affix their arm on a desk, extending their
hand from the edge, while the examiner holds out the ruler above the participant’s thumb
and index finger. The participant then attempts to catch the ruler as quickly as possible
when it drops. The locations a participant grasped the ruler for each trial were evaluated,
and the average reaction time (cm) was calculated from the remaining five values omitting
the maximum and minimum values. Flexibility was measured by forward bend test (cm)
using a reach box while sitting (Yagami, Nagoya, Japan).

2.4. Lifestyle Characteristics

We surveyed lifestyle factors, including smoking history (none, less than 20 cigarettes
per day, more than 20 cigarettes per day), alcohol consumption (never, sometimes, daily),
caffeine consumption (never, 1–2 times per day, 3 or more times per day), and regular
exercise habits (yes, no).
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2.5. Questionnaires

The MHR-QOL, developed and validated in our clinic [7], is a modification of the
Women’s Health Questionnaire and other questionnaires [10–12]. Physical and psychologi-
cal symptoms were scored on a 4-point Likert scale based on the frequency of symptoms.
In this analysis, the scores increased as each symptom became more frequent (0, zero to
once a month; 1, one-two times per week; 2, three-four times per week; 3, almost every
day). In the present study, the participants that answered “3” under headache were defined
as having frequent headaches, while all others were defined as without frequent headaches.
The sum of the scores under hot flashes and night sweats was used as the vasomotor
symptom (VMS) score (0–6). Likewise, the scores under difficulty in initiating sleep and
non-restorative sleep were pooled to define the insomnia symptom score (0–6).

The Hospital Anxiety and Depression Scale (HADS) is a widely used and reliable
screening test for mental health in patients with somatic symptoms [13]. The HADS consists
of seven items for two subscales, depression and anxiety symptoms, and participants
respond to each item on a 4-point Likert scale. Patients who rated 8–10 were classified as
likely to have anxiety or depression, while those who rated 11–21 were classified as having
anxiety or depression.

The BDHQ is a self-administered questionnaire that assesses the participant’s intake
of 61 food items commonly consumed in Japan. The participants answered 77 questions
regarding their consumption over the previous month. Based on their responses, the intakes
of 96 nutrients were estimated using an ad hoc computer algorithm. A semi-weight method
was used to adjust for total calorie intake [8,9]. In this study, we investigated the association
between the frequency of headaches and the estimated intake of 43 major nutrients.

2.6. Statistical Analysis

Continuous variables are presented as mean ± standard deviation (SD). The required
sample size, determined to be 333, was derived by multiplying 10 with the number of
independent variables, then dividing the product by the prevalence of frequent headaches
(estimated to be 5 and 0.15, respectively). Differences between the groups were compared
using an unpaired t-test, Mann–Whitney test, chi-square test, and Fisher’s exact test.
Multicollinearity between variables was determined using the cutoff points for Pearson
or Spearman correlation coefficients of |R| > 0.9. The nutrients and socio-demographic
factors that significantly differed between the group with and without frequent headaches
were selected. After adjustments for the selected socio-demographic factors, the association
between the frequency of headaches and the selected nutrients was analyzed using a
multivariate logistic regression model. Statistical significance was set at p < 0.05. All
Statistical analyses were performed with GraphPad Prism version 9.1.2 (GraphPad Software,
San Diego, CA, USA) and JMP version 14.0.2 (SAS Institute Inc., Cary, NC, USA).

3. Results

The participants’ average age was 50.1 ± 3.8 years (mean ± SD). The number (percent-
age) of women who scored the frequency of their headaches as 0 was 176 (43.0%), while
122 (29.8%) answered 1, 51 (12.5%) answered 2, and 60 (14.7%) answered 3, indicating that
more than half of the participants suffered from a headache at least once a week. The socio-
demographic factors that were significantly different between the two groups, with and
without frequent headaches, are presented in Table 1. Participants with frequent headaches
had higher VMS, insomnia, anxiety, and depression scores than those without. We also
assessed the dietary intake of 43 major nutrients, which differed significantly between the
two groups (Table 2). The estimated intakes of vitamin K, daidzein, and genistein were
lower in women with frequent headaches than in those without. A test of multicollinearity
for these variables showed that the correlation coefficient between daidzein and genistein
was 1.00. Therefore, the estimated isoflavone intake was defined as the sum of daidzein
and genistein. The values of the other correlation coefficients were less than 0.7.
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Table 1. Comparison of socio-demographic factors and the frequency of headache.

Characteristic
Headache

p-Value
Frequent (N = 60) Not So Frequent (N = 349)

Age and Menopausal Status

Age (years), mean (SD) 49.4 (3.9) 50.2 (3.8) 0.128 a

Menopausal status,
premenopausal/peri-menopausal/postmenopausal (%) 37.3/27.1/35.6 32.4/23.1/44.5 0.441 b

Body composition, mean (SD)
Height (cm) 157.4 (5.0) 157.6 (5.4) 0.839 c

Weight (kg) 54.0 (10.8) 54.4 (9.6) 0.691 a

Body mass index (kg/m2) 21.8 (4.1) 21.9 (3.8) 0.616 a

Waist–hip ratio 0.87 (0.07) 0.87 (0.06) 0.762 c

Fat mass (kg) 15.9 (8.2) 15.8 (7.1) 0.899 a

Lean mass (kg) 38.1 (3.3) 38.5 (3.5) 0.355 c

Muscle mass (kg) 35.9 (3.1) 36.3 (3.2) 0.355 c

Body fat percentage (%) 27.9 (8.8) 28.0 (7.7) 0.927 c

Basal metabolism (MJ/day) 1107 (125) 1118 (122) 0.491 a

Resting energy expenditure (MJ/day) 1664 (400) 1578 (428) 0.171 a

Body temperature (°C) 36.2 (0.5) 36.3 (0.5) 0.765 a

Physical fitness test, mean (SD)
Hand-grip strength (kg) 25.2 (4.8) 25.3 (4.8) 0.834 c

Ruler-drop test (cm) 22.9 (4.8) 22.8 (4.0) 0.895 a

Sit-and-reach test (cm) 35.9 (10.0) 36.1 (9.7) 0.794 a

Cardiovascular parameters, mean (SD)
Systolic blood pressure (mmHg) 128 (16) 126.5 (17) 0.433 a

Diastolic blood pressure (mmHg) 82.0 (12.5) 80.8 (12.2) 0.350 a

Heart rate (per min) 65.0 (11.3) 63.7 (11.7) 0.441 a

Cardio-ankle vascular index 7.47 (1.12) 7.42 (0.69) 0.148 a

Ankle-brachial pressure index 1.11 (0.08) 1.10 (0.06) 0.077 c

Lifestyle factors (%)
Smoking (cigarettes per day)

None/fewer than 20/20 or more 88.3/8.3/3.3 89.7/7.5/2.9 0.953 b

Drinking
Never/sometimes/daily 63.3/25.0/11.7 56.9/31.0/12.1 0.609 b

Caffeine (per day)
Never/1–2 times/3 or more times 13.3/36.7/50.0 6.9/34.5/58.6 0.179 b

Exercise
Moderate exercise Yes/no 51.7/48.3 43.0/57.0 0.260 d

Regular exercise Yes/no 40.0/60.0 40.3/60.0 >0.999 d

Physical symptoms, mean (SD)
MHR-QOL vasomotor symptom score (0–6) 3.4 (2.3) 2.3 (2.1) 0.001 a

Psychological symptoms, mean (SD)
MHR-QOL insomnia symptom score (0–6) 3.7 (2.2) 2.3 (2.1) <0.001 a

Hospital Anxiety and Depression scale Anxiety subscale
score (0–21) 9.2 (4.3) 7.8 (3.7) 0.029 a

Hospital Anxiety and Depression scale Depression
subscale score (0–21) 8.7 (4.4) 7.3 (3.7) 0.024 a

a Mann–Whitney test. b Chi-square test. c Unpaired t-test. d Fisher’s exact test. N, number; SD, standard deviation;
MHR-QOL: Menopausal Health-Related Quality of Life Questionnaire.

Afterwards, multivariate logistic regression analysis was performed to reveal an inde-
pendent association between the intake of selected nutrients (vitamin K and isoflavones)
and the frequency of headache (Table 3). After adjustment for the selected nutrients
(Model 1) and the socio-demographic factors significantly related to the frequency of
headache (Model 2), the estimated intake of isoflavone remained significantly associated
with frequent headache (Model 1: adjusted odds ratio (OR) per mg/1000 kcal/day = 0.976,
95% confidence interval (CI) = 0.952–1.000, p = 0.048; Model 2: OR = 0.974, CI = 0.950–
0.999, p = 0.036), while the intake of vitamin K was not. In Model 2, VMS and insomnia
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scores had a significant relationship with the frequency of headache (VMS: OR = 1.160,
CI = 1.012–1.329, p = 0.033; insomnia: OR = 1.334, CI = 1.152–1.546, p < 0.001).

Table 2. Comparison of the daily intake of nutrients and the frequency of headache.

Characteristic
Headache

p-Value
Frequent (N = 60) Not So Frequent (N = 349)

Nutrition, Mean (SD)

Protein (%E) 15.5 (3.3) 15.8 (3.1) 0.244 a

Animal protein (%E) 8.8 (3.3) 9.0 (3.1) 0.585 a

Vegetable protein (%E) 6.7 (1.3) 6.8 (1.2) 0.511 b

Carbohydrate (%E) 53.5 (10.1) 52.2 (8.6) 0.235 a

Ash (g/1000 kcal/day) 10.7 (2.5) 10.6 (2.0) 0.815 a

Sodium (mg/1000 kcal/day) 2405 (551) 2316 (478) 0.173 a

Potassium (mg/1000 kcal/day) 1525 (588) 1594 (439) 0.054 a

Calcium (mg/1000 kcal/day) 325 (127) 336 (112) 0.142 a

Magnesium (mg/1000 kcal/day) 147 (41) 153 (35) 0.072 a

Phosphorus (mg/1000 kcal/day) 589 (133) 608 (129) 0.174 a

Iron (mg/1000 kcal/day) 4.6 (1.5) 4.7 (1.1) 0.218 a

Zinc (mg/1000 kcal/day) 4.53 (0.80) 4.58 (0.74) 0.432 a

Copper (mg/1000 kcal/day) 0.65 (0.14) 0.66 (0.12) 0.344 a

Manganese (mg/1000 kcal/day) 1.79 (0.64) 1.78 (0.61) 0.909 a

Fat (%E) 27.2 (6.1) 28.0 (5.8) 0.330 b

Animal fat (%E) 12.4 (4.5) 12.8 (4.2) 0.496 a

Vegetable fat (%E) 14.8 (4.0) 15.2 (4.0) 0.500 b

Saturated fatty acid (%E) 7.4 (2.1) 7.7 (1.9) 0.095 a

Monounsaturated fatty acid (%E) 9.6 (2.4) 9.9 (2.3) 0.224 b

Polyunsaturated fatty acid (%E) 6.6 (1.7) 6.7 (1.6) 0.350 a

Cholesterol (mg/1000 kcal/day) 201 (74) 208 (73) 0.320 a

N-3 fatty acid (%E) 1.3 (0.5) 1.4 (0.4) 0.295 a

N-6 fatty acid (%E) 5.2 (1.4) 5.3 (1.3) 0.399 a

Soluble dietary fiber (g/1000 kcal/day) 1.86 (0.81) 1.99 (0.66) 0.054 a

Insoluble dietary fiber (g/1000 kcal/day) 5.18 (2.46) 5.38 (1.65) 0.064 a

Dietary fiber (g/1000 kcal/day) 7.31 (3.56) 7.59 (2.37) 0.065 a

Daidzein (mg/1000 kcal/day) 7.7 (5.8) 9.2 (5.4) 0.009 a

Genistein (mg/1000 kcal/day) 13.0 (9.9) 15.6 (9.1) 0.009 a

Isoflavone (mg/1000 kcal/day) 20.7 (15.7) 24.8 (14.5) 0.009 a

Retinol (μg/1000 kcal/day) 254 (171) 223 (147) 0.360 a

β-carotene (μg/1000 kcal/day) 2495 (2492) 2459 (1522) 0.108 a

Retinol equivalent (μg/1000 kcal/day) 463 (262) 430 (202) 0.779 a

Vitamin D (μg/1000 kcal/day) 6.92 (4.87) 7.29 (4.75) 0.294 a

α-tocopherol (mg/1000 kcal/day) 4.45 (1.60) 4.42 (1.15) 0.417 a

Vitamin K (μg/1000 kcal/day) 198 (149) 209 (101) 0.044 a

Vitamin B1 (mg/1000 kcal/day) 0.45 (0.13) 0.46 (0.10) 0.183 a

Vitamin B2 (mg/1000 kcal/day) 0.77 (0.23) 0.78 (0.20) 0.256 a

Niacin (mgNE/1000 kcal/day) 9.64 (3.06) 9.85 (2.68) 0.425 a

Vitamin B6 (mg/1000 kcal/day) 0.72 (0.25) 0.75 (0.20) 0.068 a

Vitamin B12 (μg/1000 kcal/day) 5.14 (3.06) 5.06 (2.57) 0.677 a

Folic acid (μg/1000 kcal/day) 210 (104) 210 (76) 0.356 a

Pantothenic acid (mg/1000 kcal/day) 3.67 (0.84) 3.82 (0.77) 0.081 b

Vitamin C (mg/1000 kcal/day) 73.6 (41.7) 73.8 (34.0) 0.499 a

a Mann–Whitney test. b Unpaired t-test. %E, % energy.
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Table 3. Associations between the daily intake of isoflavone (mg/1000 kcal/day) and the frequency
of headache.

Nutrient OR 95% CI p-Value

Model 1 Vitamin K (μg/1000 kcal/day) 1.000 0.998–1.004 0.547
Isoflavone (mg/1000 kcal/day) 0.976 0.952–1.000 0.048

Model 2 Vitamin K (μg/1000 kcal/day) 1.000 0.998–1.004 0.625
Isoflavone (mg/1000 kcal/day) 0.974 0.950–0.999 0.036

MHR-QOL VMS score (0–6) 1.160 1.012–1.329 0.033
MHR-QOL insomnia score (0–6) 1.334 1.152–1.546 <0.001

HADS depression subscale score (0–21) 1.067 0.967–1.177 0.199
HADS anxiety subscale score (0–21) 0.994 0.897–1.101 0.902

OR, odds ratio; CI, confidence interval; MHR-QOL, Menopausal Health-Related Quality of Life Questionnaire;
VMS, vasomotor symptom; HADS, Hospital Anxiety and Depression Scale. Model 1: Association between daily
intake of isoflavone (mg/1000 kcal/day), vitamin K, and headache. Model 2: Multivariate logistic regression
model adjusted for VMS, insomnia, depression, and anxiety scores.

Furthermore, in order to investigate the effect of estrogen fluctuation, the participants
were divided into two groups: premenopausal (N = 134) and peri- and post-menopausal
(N = 271), and the relationship between the frequency of headache and the dietary intake
of isoflavone was evaluated in each group (Figure 1). The premenopausal group showed
no significant difference in the isoflavone intake (mg/1000 kcal/day) between the women
with frequent headaches and those without (21.6 (SD, 16.2) vs. 21.3 (SD, 11.2), p = 0.391,
Mann–Whitney test). Contrary, in the peri- and post-menopausal group, the participants
suffering from frequent headaches were found to consume significantly less isoflavone
than those without (20.3 (SD, 15.8) vs. 26.6 (SD, 15.6), p = 0.011, Mann–Whitney test).

Figure 1. Comparison of daily isoflavone intake by menopausal status between women with frequent
headaches and those without. * p < 0.05 vs. Not so frequent, Mann-Whitney test.

4. Discussion

In this cross-sectional study, the estimated dietary intake of isoflavone was inversely
associated with frequent headaches in middle-aged Japanese women independent of VMS
and insomnia symptom scores. The socio-demographic factors were found to be associated
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with headaches. A significant difference in isoflavone intake between those with and
without headaches was observed in the peri- and post-menopausal groups but not in the
premenopausal group.

Isoflavones, including daidzein and genistein, are flavonoids that are especially abun-
dant in leguminous plants. Isoflavones are classified as phytoestrogens because they are
structurally similar to 17β-estradiol and have estrogenic and anti-estrogenic effects as well
as antioxidant effects [14,15]. Isoflavones have been shown to improve various menopausal
symptoms, presumably through an estrogenic effect [16,17]. Isoflavones bind to both estro-
gen receptors (ER), ERα and ERβ, with a higher affinity for the ERβ receptor [14]. Although
the binding activity of isoflavones to the ERs is much weaker than that of estradiol [18],
the concentration of serum isoflavone in people consuming soy foods is several orders of
magnitude higher than the physiological concentration of estrogen [19], suggesting that
isoflavones have a certain physiological effect despite their relatively low ER affinity.

Few reports inferred that isoflavone alleviates premenstrual headache syndrome [20].
In a randomized controlled trial (RCT) of 23 women, consumption of isolated soy pro-
tein containing isoflavone (68 mg/day) significantly reduced premenstrual headache [21].
However, to the best of our knowledge, no study has investigated the association between
isoflavone intake and headaches in middle-aged women despite headaches being preva-
lent in women transitioning through menopause (10–29%) [4]. The results of the present
study suggest that dietary intake of isoflavone could improve the headache experienced by
middle-aged women.

Several pathways could be involved in the association between isoflavone intake and
improvement in headache (Figure 2). It has been established that soy isoflavone relieves
VMS, especially hot flashes [17,22,23]. The link between VMS and headaches is not clear,
but the relationship between VMS and insomnia symptoms is evident [24]. Insomnia
symptoms, along with depressive symptoms, improved with a low dose of isoflavone
(25 mg/day) in our RCT that enrolled middle-aged women [25]. It is well-known that
headaches and insomnia have a bidirectional relationship; headaches can contribute to
sleep disturbances, while sleep disturbances can be a predictor or trigger for headache
attacks [26]. The other pathways involve anxiety and depression symptoms, known to be
associated with headaches. Patients with generalized anxiety disorder (GAD) were at a
higher risk for migraine (OR 3.86, 95% CI 2.48 to 6) than those without; accordingly, patients
with migraines were at a higher risk for GAD (OR 3.13, 95% CI 1.56 6.3) [27]. Likewise,
depression in migraineurs is 2.5 times more common than that in non-migraineurs and
is often associated with anxiety symptoms [27]. Several reports, including our recent
RCT [25], have shown that isoflavone intake alleviated depressive symptoms in peri-
and post-menopausal women [28]. These findings suggest that the relationship between
headaches and isoflavone intake could be influenced by the pathways involving VMS and
insomnia, depression, and anxiety symptoms. However, in this study, we have shown that
isoflavone intake is related to headache independent from these symptoms, which suggests
that isoflavone might have a direct effect on headache.

Concerning the mechanism by which isoflavone directly alleviates headache, both
its antioxidant and estrogenic effects could be candidates. Considering that the estimated
amount of isoflavone intake was different between those with and without headache in
the peri- and post-menopausal groups but not in the premenopausal group, the plausible
mechanism by which isoflavone reduces headache would be through its estrogenic effect
rather than its antioxidant effect. Transitioning through menopause, serum estradiol levels
in women fluctuate widely and then decrease [29], which is a trigger of migraine in peri-
and post-menopausal women [3]. The estrogenic effect of isoflavone may compensate for
the fluctuations and decrease of estrogen [30,31]. Estrogen is known for its regulation of
neuronal excitability, interaction with the vascular endothelium in the brain, and association
with neurotransmitters, such as serotonin and norepinephrine. [32]. In the cardiovascular
and central nervous system, ERβ is predominant, to which isoflavones have a higher
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affinity [33]. These findings suggest that isoflavone could improve headaches in middle-
aged women through its estrogenic effect.

 

Figure 2. Possible pathways from isoflavone to headache. Arrows, bidirectional relationships; T-bars,
inhibitory relationships; solid lines, relationships suggested from previous studies; dashed lines,
relationships suggested in this study.

One of the major limitations of this study is the relatively narrow population of re-
search participants attending menopause clinics in Japan. Since the intake of soy, a rich
source of isoflavone, varies widely from country to country [34], it would be difficult to gen-
eralize this results to a broader population. Additionally, the questionnaire only obtained
the frequency of headaches without distinction between different types of headaches, such
as migraine and tension headache. Since the pathogeneses of these headaches are different,
the relationship between isoflavone intake and each subtype needs to be further inves-
tigated although there is a challenge in diagnosing the exact type of headache. Another
limitation was the cross-sectional design of our current study, which did not allow us to
determine the causal relationship between the estimated intake of isoflavone and headache.

Nevertheless, this study has several strengths. The extensive socio-demographic
factors related to headache were simultaneously investigated, including age, menopausal
status, body composition, cardiovascular parameters, basal metabolism, physical fitness,
lifestyle factors, vasomotor symptoms, and psychological symptoms, in addition to the
estimated dietary intake of 43 major nutrients evaluated. As far as we know, this is the
first report to show an association between dietary isoflavone intake and menopausal
headache symptoms.

5. Conclusions

Headache in peri- and post-menopausal women was inversely associated with dietary in-
take of isoflavone. Diets rich in isoflavones might improve headaches in middle-aged women.
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