Research Article ISSN 2639-9342

Gynecology & Reproductive Health

The Physiology of Menopausal Transition and the Role of Solgen/Soybean
Isoflavones Supplementation in Midlife Women

Alejandra Herndndez- Bueno, M.Sc, Cristina Lozano, M.Sc. and José Angel Maraiién, PhD*

*Correspondence:
José Angel Marafion, PhD, Tradichem Group, Av Azucarera 26-

Tradichem Group, Av Azucarera 26-32, Arganda del Rey, . .
32, Arganda del Rey, Madrid, Spain.

Madrid, Spain.
Received: 08 Jan 2026; Accepted: 16 Feb 2026 Published: 27 Feb 2026

Citation: Alejandra Hernandez- Bueno, Cristina Lozano, José Angel Maraiion. The Physiology of Menopausal Transition and the Role
of Solgen/Soybean Isoflavones Supplementation in Midlife Women. Gynecol Reprod Health. 2026; 10(1): 1-21.

ABSTRACT

Menopause is a natural physiological process marking the end of menstrual cycles that typically occurs between ages 45-
59 and may significantly affect women's quality of life. It is characterized by hormonal fluctuations that ultimately lead to
a reduction in estrogen and progesterone levels, which results in biological changes and subsequent symptoms. Symptoms
vary considerably among women, due to individual, genetic and lifestyle factors, and commonly include vasomotor
symptoms (hot flashes and night sweats), sleep disturbances, cognitive and mood changes, genitourinary syndrome of
menopause, bone and muscle loss, metabolic and cardiovascular alterations and skin modifications.

Menopausal hormone therapy (HT) has long been considered the most effective treatment for alleviating menopausal
symptoms and reducing the risk of osteoporosis or cardiovascular disease, however, concerns regarding its safety profile,
especially a possible cardiovascular risk, have led to an individualized benefit-risk evaluation and increased interest in
non-hormonal alternatives.

Soy isoflavones have been extensively investigated clinical and preclinically to be a potential alternative treatment for the
management of midlife symptoms. Due to their structural similarities to estrogen, isoflavones modulate estrogen receptors.
Moreover, they have also demonstrated anti-inflammatory and antioxidant properties. Regulatory assessments, including
EFSA risk assessment, support the safety of soy isoflavones at established intake levels.

SOLGEN® is an ingredient containing the isoflavones genistin, daidzin, genistein, daidzein, glycitein and glycitin and has
been investigated in clinical studies in women.

This review summarizes the current scientific evidence on soy isoflavones/SOLGEN® supplementation for menopausal
symptoms and other conditions, such as endometriosis or polycystic ovary syndrome.
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Introduction

Menopause is a natural biological process, which involves
approximately one third of the life of a woman and marks the
permanent cessation of menstruation. It can lead to a significant

impact on women's quality of life, affecting both their personal
and professional lives. Globally, an estimated 657 million women
between ages 45 and 59 experience menopause [1].

It is characterized by physiological changes due to the reduction in
estrogen levels. Many symptoms, such as hot flashes, insomnia or
mood changes may start before the establishment of menopause,
showing a manifestation of incipient ovarian failure [1].
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The physiological underlying cause of menopause manifestations
is complex and not limited to estrogen deprivation. Studies have
shown that individual, geographical and genetic factors affect
symptom prevalence and severity [2].

Prior to menopause comes the transitional stage perimenopause,
which can last several years. This phase is defined by irregularities
or suppressions in the menstrual cycle. In perimenopause,
estrogens and other sex hormones are fluctuating, which
posteriorly leads to definitive estrogen deprivation, marking
menopause phase. Postmenopause follows the final menstrual
period. Subsequently, anovulation causes the loss of progesterone
production [3,4]. Ovaries continue to maintain testosterone levels
for years [5]. Additionally, circulating adrenal androgens in midlife
women may vary in late menopause. Particularly, an increase in
dehydroepiandrosterone sulfate (DHEAS) occurs in most women
between menopausal transition and early postmenopause [6].
These hormonal fluctuations lead to central nervous system (CNS)
and peripheral symptoms prolonged in time [2].

A decline in inhibin B levels occurs, reducing its suppressive
effect on the follicle-stimulating hormone (FSH) from the
pituitary [3], which leads to increases in FSH, promoting erratic
increases in estradiol firstly [2]. Eventually, the ovary response
to gonadotropin stimulation is reduced, which produces a decline
in estradiol levels instead. Consequently, luteinizing hormone
(LH) stimulation is debilitated and ovulation does not occur [2].
Menopausal symptoms develop from ovarian failure due to the
depletion of ovarian follicles, a process that lasts several years,
during the menopausal transition [3].

Menopausal symptoms

The intensity and presence of menopausal symptoms can be
influenced by ethnicity, age at menopause, educational level,
smoking, alcohol or caffeine consumption, and other chronic
conditions [7].

Vasomotor symptoms

These are the most frequent symptoms during menopause.
Approximately 75% of women experience vasomotor symptoms
from the beginning of menopause [8,9]. It can start approximately
2 years before the last menstrual period and perpetuate for 4 years
after in half of women, with the most intense ones occurring
one year after menopause [10]. Several studies reported that a
percentage ranging from 12% to 30% of women continue suffering
these symptoms more than 10 years after menopause [10-12].

The prevalence and severity can vary depending on factors such
as ethnicity, lifestyle, and geographic region. A prevalence of 74%
has been reported in Europe, while in North America it ranges
from 36% to 50%, and in Asia from 22% to 63% [13].

Vasomotor symptoms include hot flashes and sweating, sometimes
experiencing a posterior sensation of coldness [2], during day and
night.

The hypothesized underlying cause is alterations in
thermoregulation mechanisms [2]. Menopause is associated
with a decrease in the thermoneutral zone, meaning that
slight modifications of core temperature lead to a triggered
thermoregulatory reaction, producing peripheral vasodilation,
shivering or sweating [8]. Dysfunction in thermoregulation may
be due to the erratic adaptation of the brain to desynchronization
in hormonal cycles and sex hormone levels, with alterations in
noradrenergic and serotoninergic pathways that participate in
regulating the thermoneutral core [14].

Furthermore, evidence has shown that increased cortisol levels may
aggravate vasomotor symptoms [2] due to an activation of stress
response, enhancing adrenaline, noradrenaline and catecholamines
and ultimately inducing vasodilation [15]. Severe vasomotor
symptoms are related to an activation of the hypothalamus-
pituitary-adrenal axis and higher urinary cortisol secretion has
been reported in women with severe hot flashes compared with
women who present less symptoms [15]. Moreover, increased
salivary cortisol levels have been associated with more frequent
and severe vasomotor symptoms [16]. Higher serum cortisol and
noradrenaline levels were also reported in menopausal transition
[17].

Nocturnal hot flashes and sweats are more frequent during the first
4 hours of sleep, associated with higher waking episodes [2].

Sleep disorders

Night sweats, along with psychological factors, increase the risk of
sleep difficulties, which are also frequent in menopause, reported
by approximately half of menopausal women [18-20]. Evidence
suggests that rapid-eye-movement (REM) sleep suppresses hot
flashes, reducing awakenings [21]. Depressive symptoms may
also increase the risk of sleep disruption [22]. Moreover, the
risk of sleep disorders in menopausal women may be increased
by obstructive sleep apnea, independent of body weight [23].
Additionally, sleep disturbances augment the risk of cognitive
impairment in postmenopausal women [24], especially executive
function, episodic memory and attention [25].

Decreased inhibin B levels have shown to strongly predict poor
sleep quality in postmenopause [26]. Increased urinary FSH
levels have been related to sleep disfunction in premenopause
and perimenopause [27]. An earlier circadian phase due to the
early release of melatonin in postmenopausal women may be
responsible of the early morning awakenings often experienced by
menopausal women [28,29].

Cognitive impairment

Clinical evidence indicates that menopause leads to cognitive
changes [8]. A meta-analysis by Weber et al. [30] showed that
postmenopausal women performed significantly worse delayed
verbal memory tasks and verbal fluency tasks than pre- and
perimenopausal women. Menopausal transition increases the
vulnerability to cognitive dysfunction. However, data from the
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Study of Women's Health Across the Nation (SWAN) cohort
reveal that reduction in cognitive performance-particularly lack
of learning- is isolated to the perimenopausal stage [31], which
suggests that the effect of menopause on cognitive performance is
transient [2].

Additionally, depressive symptoms and anxiety seem to contribute
to cognitive decline [32].

Estradiol is suggested to participate in cognitive performance
[2], as various areas of the CNS express estrogen receptors (ER),
where its activation by estrogens may regulate synapses and
neurotransmitters release [33]. Change and posterior decrease in
estrogen levels during menopausal transition may be the underlying
cause of cognitive impairments, improving after postmenopause.
Moreover, increase of LH might lead to cognitive dysfunction
[34].

Mental health symptoms

A significant change in mental health is common within
menopause, with an increase in mental diseases such as anxiety
and depression. These symptoms are often experienced at the
beginning of perimenopause and are not always recognized [35].
However, individual and psychological variations influence mental
health.

Estrogen decline is one of the leading causes, as it contributes
to the modulation of neurotransmitters, such as dopamine,
serotonin, glutamate, acetylcholine or GABA [36]. Testosterone
also modulates neurotransmitters [35]. Moreover, progesterone
participates in modulating the GABAergic system, which has a
key role in suppressing anxiety symptoms [37]. Evidence reported
lower circulating serotonin levels in postmenopausal women,
increasing after estrogen administration [38], which traduces in an
association between fluctuating estrogen in menopause with the
augmented risk of depressive symptoms [39].

Urogenital and sexual dysfunction

This condition has been denominated the genitourinary syndrome
of menopause [40]. Symptoms include vaginal dryness, subsequent
dyspareunia, recurrent urogenital infections, pruritus, dysuria,
involuntary urination, pain, urgency or discomfort [2]. Urogenital
symptoms persist in postmenopause, having an impact on overall
health and wellness [41], with vulvovaginal atrophy being still
underdiagnosed and mistreated [42].

Menopausal transition produces hormonal changes in libido,
reporting a reduction in sexual desire and pain during sexual
activity [43,44]. Moreover, depressive symptoms and a reduction
in self-esteem may contribute to the loss of libido in menopause
[45].

Evidence has revealed an increase in symptoms of urinary
incontinence within menopause [46]. Approximately half of
menopausal women will experience stress incontinence and 20%

urge incontinence [45]. The risk of urge incontinence increases
with age; while stress incontinence increases with obesity and
metabolic changes [2].

Female lower genital tract function is estrogen-dependent, as
genital and urinary tissues express a high quantity of ER during
fertile years [47]. Due to estrogen decline, vaginal and urinary
tract tissues go under atrophy during menopause [8]. Moreover,
menopause leads to a reduction in collagen and elastin and an
alteration of morphology of the epithelium and function of vaginal
cells, as well as a decrease in vascularization, all of this leading to
reduced lubrication and vaginal elasticity [47,48].

Altered bone and muscle health

Bone loss increases abruptly during the first 5 years of
postmenopause, affecting trabecular bone tissue [2], and bone
mineral density is reduced sharply during late perimenopause
[49]. An imbalance in bone remodeling can lead to osteopenia and
osteoporosis, a systemic skeletal condition that decreases bone
mineral density, bone strength and increases the fragility of the
skeleton, augmenting the risk of fractures [50], particularly in the
spine, hip and wrist [51]. An increased porosity of the bone cortex
has been reported [50].

In menopause, muscle mass is also affected. Evidence reported
a reduction of 0.6%-1.5% of muscle mass due to menopausal
transition [52,53]. Total body potassium, a marker of lean body
mass, is significantly reduced the first 3 years after menopause
[54]. Inflammatory factors, inactivity, strength and body mass
index (BMI) also contribute to the decline in muscle mass [55-57].

Bone resorption and remodeling are mediated by estrogens [8]. The
decline in estrogen in postmenopause reduces bone remodeling,
which results in increased resorption. Estrogen reduction causes
an excessive production of the receptor activator of nuclear
factor-kB ligand (RANKL) by osteoblasts, which produces
osteoclastogenesis and bone resorption [58]. Osteoprotegerin,
which inhibits RANKL, is also reduced, leading to an augment
in RANKL activity. Moreover, vitamin D3 deficiency and its
impaired production, along with a decline in calcium absorption,
both participate in the increased bone resorption [59]. Furthermore,
loss of skeletal muscle mass may contribute to decreased bone
formation due to impaired downregulation of sclerostin production
by osteocytes, which is mediated by estrogens [60]. Decrease in
estradiol is thought to contribute to the loss of muscle mass [61].
Reduced bone formation and increased bone resorption lead to less
bone strength, which may cause osteoporosis [§].

Metabolic changes

The prevalence of obesity is higher during postmenopause
compared to premenopause [62]. Menopause itself is not
associated with weight gain; however, it leads to a redistribution
of body fat and an increase in adiposity [8]. Modifications in body
shape are common, particularly the accumulation of visceral fat in
the abdominal region.
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The estrogen decline and associated abdominal obesity may
result in metabolic consequences, including insulin resistance,
diabetes, metabolic syndrome and dyslipidemia -increased LDL
and triglyceride levels and decreased HDL- [63]. Consequently,
visceral adipose tissue significantly increases the risk of
cardiovascular disease (CVD).

Cardiovascular risk

Cardiovascular (CV) events and atherosclerosis rise in
postmenopausal women. Metabolic changes contribute to these
conditions, and it has been seen that postmenopausal women
present increased heart fat, independently of obesity or ethnicity
[64]. It has been hypothesized that pro-inflammatory cytokines
and adipokines in visceral adipose tissue may contribute to CV
changes [65]. Blood pressure also increases with menopause [66].

Postmenopausal estrogen deficiency activates the renin-
angiotensin system, upregulates the vasoconstrictor endothelin
and causes an impairment of nitric oxide-mediated vasodilation
[8]. Postmenopausal women often experience elevated plasma

endothelin -1 (ET-1) levels as a result of declining estrogen levels,
which contribute to increased vascular resistance, endothelial
dysfunction and a higher CV risk. Elevated ET-1 levels reduce
blood flow by blocking the vasodilatory effects mediated by
endothelin-B (ET-B) receptors [67]. Moreover, estrogens promote
vascular elasticity and restoration [68], and due to its reduction
in menopause, the risk of vascular disease augments. Visceral
adiposity and dyslipidemia, next to insulin resistance and
increased blood pressure are also CV risk factors [8]. Endothelin
and angiotensin II promote oxidative stress, which can contribute
to atherosclerosis [69]. Early menopause has been associated with
increased risk of stroke, coronary heart disease and mortality [70].

Skin modifications

Estrogen contributes to skin structure and function. Wrinkling,
loss of skin elasticity and loss of hydration occur in menopause
[71], due to a decrease in estrogen, which causes reduction in
collagen, elasticity (elastin proteoglycan) and water retention
[72,73]. Additionally, mucosal changes also occur, augmenting the
permeability, which facilitates the access to pathogens [74]. Hair is
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Figure 1: Menopause symptoms and hormone fluctuations. Inspired by Monteleone et al. “Symptoms of menopause —global prevalence, physiology
and implications” [2] Image was created using PowerPoint, Freepik and google images.
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also affected; female pattern hair loss and frontal fibrosing alopecia
are both associated with menopause, as well as hirsutism, due to
the participation of estrogens and androgens in the regulation of
the hair cycle [75].

Collagen decreases by 30% during the first 5 years after menopause
[76].

Skin of menopausal women becomes fragile, due to the decrease
in estrogen in the epidermis, which interlinks epidermal cells to
maintain cell integrity [77,78]. This might also be the cause of
vascular fragility; however, it has not been studied yet [79]. Loss
of estrogen also leads to a reduction in dermal thickness, in the
proliferation of keratinocytes and fibroblasts, and in cellular
viability and extracellular matrix components, along with an
increase of ROS and oxidative stress, as estrogen does not eject its
antioxidant properties [77].

Testosteroneis metabolized to the active form ofdihydrotestosterone
by 5 alpha-reductase, which is the cause of involution of scalp hair
follicles in menopause [80], but on facial hair, hyperandrogenism
causes the opposite effect, with an excessive facial hair growth
[81].

Menopausal hormone therapy (HT, also commonly referred as
MHT) for menopausal symptoms

HT was very popular in the 60-70s to offset the physical changes
and symptoms of menopause [82], until the scientific evidence
started to reveal an increased risk of adverse events. In particular,
with the publications of Heart and Estrogen/Progestin Replacement
Study and Women’s Health Initiative randomized trials in the end
of the 90s-early 00s, which reported an excess of CV risk, HT
prescription was dramatically reduced [82-84]. The term used
in the past was hormone replacement therapy (HRT), although
recent guidelines and consensus supported by societies such as
the North American Menopause Society, the American College
of Obstetricians and Gynecologists or the Society for Women’s
Health Research currently use the term HT, avoiding the concept
of “replacement” as it is not a pathological condition that requires
any replacement [85-87].

HT may be composed of estrogen alone or estrogen and
progestogen, and it includes systemic therapy, transdermal
formulations, compounded hormone therapy and vaginal estrogen
therapy. It is normally indicated to treat intense hot flashes and
sweats, and as a possible preventive treatment for osteoporosis.

HT has to be benefit-risk balanced prior to prescription. Among
the most common adverse events evaluated and reported in recent
systematic reviews and meta-analyses are: increased risk of stroke
and venous thrombosis (independently of estrogen alone or in
combination) [88,89], increased risk of breast cancer in specifical
conditions and patients and proportionally higher with duration
of treatment [90,91], increased incidence and recurrence of CV
disease [89], augmented incidence of gallbladder disease [89],

and increased lung cancer mortality [89]. Estrogen therapy alone
increases the risk of endometrial hyperplasia and cancer [82]. A
large meta-analysis involving over 44,000 postmenopausal women
revealed that receiving HT at early ages was associated with less
CV events than women receiving HT in the late period (more than
10 years after menopause or at age >60 years old), however, the
risk of stroke and venous thromboembolism was still increased
[92].

Non-pharmacological treatment

Non-pharmacological options for alleviating menopause symptoms
include lifestyle modifications, such as regular physical activity, a
balanced diet, weight management, limiting alcohol and caffeine
intake, smoking cessation, and good sleep hygiene. Clinical
guidelines these measures, indicating that healthy lifestyle patterns
can help reduce overall symptom burden and improve quality of
life during the menopausal transition [93,94].

Stress-reduction techniques—such as mindfulness, yoga, or
cognitive-behavioral therapy (CBT)—have also shown benefits for
certain CNS-related symptoms, particularly mood disturbances,
sleep problems, and other symptoms such as vasomotor symptoms,
as they are exacerbated with increased cortisol levels. Moreover,
mindfulness-based interventions have been associated with
improvements in stress perception and symptom tolerance [95,96].

Frequency and severity of symptoms such as hot flashes can
be reduced by environmental adjustments, including wearing
layered clothing, avoiding triggers such as spicy foods and high
temperatures, and regulating indoor temperatures. Behavioral
measures for vasomotor symptoms are supported by clinical
evidence and expert consensus [96,97].

To address other symptoms such as the genitourinary syndrome
of menopause, which include urinary complaints, vaginal dryness
and atrophy, non-hormonal local measures including vaginal
lubricants and moisturizers are recommended as first-line therapy
when hormone therapy is not desired or contraindicated. These
strategies are also supported by clinical guidelines [98].

Isoflavone-rich foods or supplements may also ameliorate
menopausal symptoms, such as vasomotor symptoms. Systematic
reviews and meta-analyses indicate modest but significant benefits
in reducing hot flashes, with a favorable safety profile [96,99,100].

Soy isoflavones

Increasing research has been focused on soy isoflavones in recent
years to improve physiological symptoms in midlife women,
particularly during the perimenopausal and postmenopausal
phases, with over 25,000 articles indexed in PubMed [101].

Isoflavones include genistein, daidzein, glycitein, and their
respective glucosides. These phytoestrogens are naturally present
at high levels in soybeans [102].
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Isoflavones are similar to 17-estradiol in chemical structure and
are capable of binding to ER and activate related gene expressions,
which is why they are classified as phytoestrogens [101]. They act
as selective ER modulators, exerting estrogenic or anti-estrogenic
effects [103]. ER include nuclear ER a and B and membrane
G protein-coupled ER 1 (GPER1) [104], but phytoestrogens
preferentially bind to ER B [105-108].

Phytoestrogens can act as estrogen agonist in estrogen-depleted
conditions. In estrogen-repleted conditions, they may be
ineffective or act as antagonist, due to the weaker binding affinity
of isoflavones compared with 173-estradiol [109,110].

Genistein 17-p Estradiol

Figure 2: Genistein vs 17- estradiol. Images are extracted from
PubChem.

In addition to the estrogen activity, recent investigations have
demonstrated that isoflavones exert antioxidant and anti-
inflammatory effects [111].

Anti-inflammatory action was reported both in vitro and in vivo
[112,113]. Phytoestrogens are believed to down-regulate cytokine-
induced signal transduction [114]. Moreover, soy isoflavones
and their metabolites modulate natural killer (NK) cell function.
Cellular analyses indicate that when immune cells (peripheral
blood mononuclear cells) (PBMCs) are pre-treated with genistein
and the metabolite equol, interferon-gamma (IFN-y) levels are
reduced when NK cells are activated by IL-12 and IL-18, without
changing their cytotoxic activity. Genistein decreases MAPK
phosphorylation and IL-18 receptor expression on NK cells. A
decrease in [FN-y levels was also seen in mice after [L-12/IL-18
stimulation [115].

Antioxidant activity was also proven in vitro [116] and in vivo
[117] and it is more accentuated in aglycons than glycosides [118].
Genistein may specifically increase the expression of various
antioxidant enzymes and therefore reduce oxidative stress [119].

The health implications of soy isoflavones include potential
improvements in menopausal symptoms related to estrogen
depletion, along with their antioxidant and anti-inflammatory
effects. This review examines the available evidence on isoflavones
effectiveness in alleviating menopausal symptoms.

Soy isoflavones metabolism and equol

Isoflavone aglycones are absorbed more quickly and are more
bioavailable than highly polar conjugated species [120,121].
Genistin and daidzin are hydrolyzed by bacteria in large intestine,
removing the sugar moiety, which results in their respective
aglycones, genistein and daidzein [121]. Subsequent absorption
occurs and these compounds are conjugated in the liver with
glucuronic acid or sulfate, circulate hepatically and are mainly
excreted in the urine [122]. The glucuronide fraction, which is
believed to be biologically inactive, predominates, constituting
approximately 90% of circulating isoflavones [123]. Sulfated and
free fractions are the minority and are considered biologically
active [122].

Additionally, isoflavones can be metabolized by specific intestinal
bacteria: daidzein can be alternatively transformed into equol or
O-desmethylangolensin (O-DMA), which are biologically active
metabolites. Equol is absorbed more efficiently through the
intestinal wall than daidzein [117]. Moreover, genistein can be
transformed into p-ethyl-phenol and 6-hydroxy-O-DMA, whereas
glycitein is stable [117]. In vitro studies indicate that the highest
estrogenic potency of isoflavones and metabolites is exhibited in
genistein and equol, followed by glycitein and daidzein [117].

It is estimated that 30-50% of individuals have the ability to
produce equol —equol producers—, depending on genetic factors,
while 80-95% are able to produce O-DMA [124]. It was previously
believed that the ability to produce equol could not be altered
[125], nevertheless, evidence indicates that it may change through
the years in some women [126-128]. In vitro studies showed
that equol is more estrogenic and potent than daidzein and that it
presents anti-androgenic properties [129,130].

Evidence suggests that isoflavones absorption, distribution,
metabolism and excretion (ADME) vary through populations, age
and gender [131-133].

Soy isoflavones safety

In male and female patients consuming soy-supplemented diets,
no adverse effects have been reported in diverse clinical studies
with different doses and duration of supplementation [122].

In studies with female and male patients, daily doses of
approximately 111-278 mg did not cause any adverse effects
[122,134]. The excretion half-lives of daidzein and genistein were
slightly increased in a study with soy milk consumption, however,
no adverse effects were reported and no modifications in soy
isoflavones metabolic pathways were observed [135]. Evidence
from single-dose studies shows that doses of 30-450 mg of total
aglycone isoflavones are well tolerated in adults [121,136].

Overall, current available literature supports the safety of soy
isoflavones. Dietary intervention studies using doses ranging from
51 to 106 mg, or even higher, indicate that these quantities are well
tolerated in humans and do not cause any adverse events [122].
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The European Food Safety Authority (EFSA) risk assessment [111]
for peri- and postmenopausal women taking food supplements
containing isolated isoflavones concluded that the stipulated doses
of 35-150 mg/day do not produce adverse effects related to breast
tissues, uterus or thyroid gland.

Breast and uterus tissues

A systematic review was performed to investigate associations
between consumption of isoflavones from food supplements and
adverse effects in peri- and postmenopausal women, with no
increased risk of breast cancer -observational studies-, as well
as no effect on mammographic density or on the expression of
proliferation marker Ki-67 -interventional studies-. Additionally,
endometrial thickness was not affected and no effect was
reported on histopathological changes in the uterus with 150 mg/
day supplementation [111]. A study of premenopausal women
consuming soy from textured vegetable protein showed no effect
on breast epithelial cell proliferation, mitosis or B-cell lymphoma
protooncogene expression [137]. A recent systematic review by
Boutas et al. [138] reported no effects or even a protective effect
on breast cancer risk. Among the evaluated studies, some of
them found no significant association between isoflavone intake
and breast cancer risk [139,140], including a study with 300,000
women in China, in which no dose-dependent relation was found
between breast cancer risk and soy isoflavone consumption [141].
Decreased breast cancer risk was found in patients consuming
higher soy isoflavones doses compared with lower doses [142].
Moreover, soy consumption in fertile years was associated with a
protective effect in premenopause [143].

Furthermore, isoflavones show higher affinity for ER (3, not having
any effects on cell proliferation, which is mainly a-mediated [108].

Thyroid function

Thyroid hormones levels were not affected following soy
isoflavones supplementation [111]. No effects or little effects have
been reported on thyroid function. However, current evidence
suggests that soy foods may reduce the absorption of thyroid
hormone in hypothyroid patients receiving supplementation,
possibly requiring to separate the intake of soy isoflavones and
thyroid hormone, or adjusting the dose of thyroid hormone, while
not affecting thyroid function [144].

Reproductive effects

Moreover, existing data does not indicate adverse reproductive
effects in humans. Evidence supports the safety of soy isoflavone
consumption in pregnant women, vegetarians and vegans, and
in women with breast or endometrial cancer [122]. However,
although the overall safety profile is well established, further
research is warranted to fully understand long-term effects and
specific population outcomes.

In vivo reproductive toxicity studies found no risk on maternal
reproductive function, nursing behavior and fetal development,
as well as clinical studies evaluating reproductive effects of

phytoestrogens [145-147]. However, evidence of soy isoflavones
consumption on reproductive years, as well as during pregnancy,
is limited and incongruent.

SOLGEN®

SOLGEN® (Tradichem Group, S.L.) is a unique and natural
isoflavone ingredient derived from non-GMO soybeans. It
is standardized to contain high percentages of the glycoside
isoflavones genistin and daidzin, along with smaller amounts of
genistein, daidzein, glycitein, and glycitin. The glycoside forms
are transformed into the aglycones in the gut, although both
structures show beneficial effects on human health. SOLGEN®
composition provides a broad spectrum of isoflavones, which are
recognized for their potential benefits in alleviating menopausal
symptoms and supporting physiological changes associated with
estrogen deficiency.

mAU Genistin
400 -
300 o
200 = Daidzin
100 Daidzein Genistein
Glycitin ’\Glycietin}\
D 25 rs
5 10 15 20 25

Figure 3: HPLC of SOLGEN®.

SOLGEN® has been extensively studied in numerous clinical
trials addressing menopause and postmenopause-related issues,
including bone mineral density loss, cognitive function, skin
aging, and endometrial health.

Inthisreview, we provide acomprehensive overview of the available
scientific evidence regarding SOLGEN® and soy isoflavones,
highlighting their effects across the various physiological changes
experienced by women during and after the menopausal transition.

SOLGEN® production process involves the following general
stages: cleaning and preparation of soybean seeds to ensure purity
and quality, and post-harvest processing, fumigation, shipping and
storage.

After crushing 4 fractions are obtained: 40% protein, 18% oil
(0,5% lecithin), 30% carbohydrates (15% soluble fraction) and
12% moisture.

The soluble fraction of carbohydrates is concentrated to obtain
molasses, which is subsequently transferred to a suitable holding
vessel prior to feeding into the isoflavones separation process.

The molasses is heated under controlled pH and temperature and
subsequently cooled to obtain separately the isoflavone fraction
from the remaining soluble fraction (supernatant) by centrifugation.
Following this separation, a concentration stage is processed.
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The supernatant liquid obtained from the previous step is subjected
to a reverse phase chromatographic separation.

After a pH adjustment, the liquid is loaded onto the absorbent
resin. Various fractions including the isoflavones, bind to the resin
column until the column reaches saturation, when the isoflavones
start to be lost in the loading fraction. The column is then washed
with water in order to remove unbound and undesired impurities.

Isoflavones and other phenolic compounds bind to the resin at
various ionic strengths. These compounds are removed by using
aqueous alcohol solutions at various concentrations with different
components being released at each alcohol concentration.

The different fractions are concentrated on the required brix,
pasteurized and then spray-dried to obtain a dry concentrated
isoflavone product (SOLGEN®).

Benefits of SOLGEN/ISOFLAVONES supplementation

In this review, we summarize the current scientific evidence on
SOLGEN®/soybean isoflavones for menopausal symptoms and
physiological changes in women.

Since the 1990s, research on soy isoflavones has increased
notably due to recognition of its physiological effects and
hormonal properties [101]. As mentioned previously, strong
affinity of isoflavones and equol for ER B supports their role as
a safe and effective option for managing menopausal symptoms.
Early evidence first focused mainly on hot flashes and night
sweats; however, current research explores a wide range of
midlife symptoms. The Spanish Menopause Society has included
isoflavones as an alternative treatment for hot flashes [148].

A systematic review and meta-analysis by Hooper et al. [149]
reported a decrease in FSH and LH levels in premenopausal
women, increased estradiol levels in postmenopausal women, and
an overall 20% improvement in menopausal symptoms compared
with placebo when consuming soy isoflavones. Moreover, a meta-
analysis by Viscardi et al. [150] on measures of estrogenicity
supports the hypothesis that soy isoflavones act as selective ER
modulators (SERM), unlike estrogen, and that isoflavones show
greater affinity for ER [, associated with antiproliferative effects,
and exert tissue-specific effects that may ameliorate symptoms

of menopause. In contrast, HT produced significant effects on
measures of estrogenicity, contrarily to isoflavones, supporting
safety claims for soy isoflavones.

Hot flashes and night sweats

The etiology of hot flashes has not been fully established yet
[151]. The efficacy of soy isoflavones against menopausal hot
flashes has been extensively studied and demonstrated in multiple
meta-analyses and reviews, showing their ability to compensate
for estrogen decline that ultimately leads to vasomotor symptoms
[108,152-155].

Recent studies recommend isoflavones as a treatment option, with
most reporting symptoms relief and none reporting side effects
[156]. A dose of 72 mg over 6 months significantly reduced hot
flashes [157], and another study using 60 mg intake daily over 3
months reported a 57% decrease in severity and frequency [158].
Soy nut consumption resulted in over 40% reduction in hot flashes
in menopausal women, regardless of individual equol production
variability [159]. Additionally, severe hot flashes decreased by
92% with a vegan diet supplemented with soybeans [160].

A clinical study evaluating supplementation with a soy extract
rich in daidzin and genistin reported a 68.4% reduction in hot
flashes and a 78.4% decrease in night sweats at 16 weeks (without
placebo) [161]. A systematic review and meta-analysis by Taku et
al. [151] showed 20.6% lower frequency and 26.2% less severity
of hot flashes compared with placebo. A dose-response effect with
genistein was found: conclusive benefits were reported only when
genistein was supplemented with >30 mg/day [162].

Placebo appears to have a relevant effect. A meta-analysis by Li et
al. [163] reported reductions in hot flashes with both soy isoflavones
and placebo, and a reduction of 25.2% when eliminating the
placebo effect. This meta-analysis also suggests that isoflavones
require long-term use -at least 12 months- to achieve its maximum
efficacy.

Regarding sleep disorders, recent reports demonstrate effectiveness
of isoflavones in reducing insomnia. A study in postmenopausal
women with insomnia found that isoflavone treatment reduced
the symptoms, increasing sleep efficiency, as observed by
polysomnographic analysis [164]. Sleep disturbances were seen
to be reduced in a six-month prospective observational study in
menopausal women with 60 mg of isoflavones [165]. Moreover, a
clinical trial evaluating a nutraceutical composed of a combination
of soy isoflavones, black cohosh, chasteberry and evening primrose
oil extract in postmenopausal women demonstrated a statistically
significant reduction in sleep problems, along with mood
symptoms, hot flashes and sweats [166]. A positive correlation
between daily isoflavone consumption and improvements in sleep
was found in adult Asian populations [167,168].

Cognition
Evidence indicates that soy supplementation improves memory
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and frontal lobe function in young patients. A meta-analysis by
Cheng et al. [169] revealed that supplementation with isoflavones
improved overall cognitive function and visual memory in
postmenopausal women. Similarly, results from another meta-
analysis by Cui et al. [170] showed that soy isoflavones benefit
cognitive function in adults, particularly memory-related.

Moreover, Cheng et al. found that earlier initiation of supple-
mentation had more pronounced improvements in cognition:
in postmenopausal women under 60 years, a positive effect
was reported in summary cognitive function [171], while no
positive effects were observed in postmenopausal women when
supplementation started afterage 60[172]. Cognitive improvements
have also been documented in premenopausal women and men
[170]. In young patients of both sexes, a soy-rich diet significantly
enhanced short- and long-term memory tasks [173].

The effects of SOLGEN® on cognitive function were evaluated
in 33 postmenopausal women. Treatment with isoflavones led to
significant improvements in long-term recall of pictures, mental
flexibility, sustained attention and planning [174].

Furthermore, preclinical evidence suggests that soy isoflavones
may improve Alzheimer’s disease [169,170]. Isoflavone aglycones
and equol have shown in vitro the ability to inhibit f-amyloid
fibril aggregation [175], and promote its clearance via peroxisome
proliferator-activated receptor y (PPAR- v)/apolipoprotein E
activation [176]. Anti-inflammatory and antioxidant effects
of isoflavones, along with their suppression of mitochondrial
apoptosis that leads to neuron death [177] and the subsequent
alleviation in cognitive impairment may further contribute to
mitigating Alzheimer’s symptoms [178]. Clinical data are still
limited as existing studies do not include dementia at onset.

Equol may lead to more pronounced benefits than isoflavones, as it
presents higher antioxidant effects, extended bioavailability, higher
affinity to ER B and higher mitochondrial activity [179,180].

Selective binding to ER B by isoflavones is hypothesized to be the
cause of their cognitive benefits, as estrogen contributes to various
brain processes and ER f is widely expressed in the brain [170].
Episodic memory may be enhanced due to the elevated expression
of ER B, particularly in the hippo campus and prefrontal cortex
[169,181,182].

Anxiety and depression

Increasing evidence indicates that SOLGEN® isoflavones may
exert an antidepressant effect [183]. Messina et al. [184] suggested
that isoflavones could be a safe and well-tolerated option for
managing depressive symptoms [184].

A moderate dose of 25 mg/day of aglycones reduced depressive
symptoms in peri- and postmenopausal women [185]. Moreover,
100 mg/day in clinically depressed postmenopausal women
decreased symptoms similarly to various antidepressants and

exerted a more pronounced effect when combined with them [186].

In osteopenic postmenopausal women, genistein (54 mg/day)
improved depressive symptoms and overall quality of life
versus placebo [187]. Additionally, daidzein administration in
rats produced antidepressant effects through the microbiota-gut-
brain axis, which suggests that daidzein may mitigate depression
symptoms in all patients -beyond menopausal women-, via gut
microbiome regulation [188].

A review by McLaren et al. [189] showed wide variability in
reducing depressive symptoms in menopausal women due to
different chemical profile of soy isoflavones.

Isoflavones are hypothesized to compensate variable and low
levels of 17pB-estradiol, which, as mentioned before, modulate
serotonin neurotransmission.

Urogenital health and sexual dysfunction

Phytoestrogens are hypothesized to improve symptoms related
to the urogenital system in postmenopausal women through
modulation of ER f found in the urogenital tract. Urogenital tissues
(bladder, urethra, vaginal mucosa or pubo-cervical fascia) [190]
also express GPERI1, which possess high affinity for genistein
and daidzein [191]. Conclusive evidence supporting the use of
isoflavones in urogenital symptoms is still needed. In particular,
no evidence demonstrates a preventive effect on stress or urge
urinary incontinence. Further studies evaluating interindividual
variability and isoflavone metabolism are needed to assess a
potential influence on these symptoms [192].

Topical application of soy isoflavones in a vaginal gel led
to improvements in vaginal dryness and atrophy symptoms,
maturation values, vaginal pH, morphology and expression of ER
in vaginal epithelium [193-196]. Moreover, local administration
also increased the number of blood vessels in the vaginal epithelium
[197]. Genistein was found to be more effective than hyaluronic
acid for alleviating vaginal dryness, itching and enhancing general
health [195].

In contrast, oral supplementation only reduced vaginal dryness,
without estrogenic effects on maturation value, vaginal pH or
endometrial thickness [198].

Effects of a dietary supplement containing the high genistein
soybean extract SOLGEN® and pumpkin seed extract in
perimenopausal women with urinary incontinence were decreases
in mean urgency grade, nocturia and the use of daily pantyliners,
as well as an improvement in quality of life by 92.3% [199].
The same supplement evaluated in 30 perimenopausal Spanish
women with urinary incontinence showed statistically significant
improvements in nocturnal urinary episodes, with a 69% reduction
of nocturia [200].

Equol has also demonstrated effectiveness in postmenopausal
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vaginal symptoms, including vaginal maturation value, vaginal
pH and atrophy [201].

Bone health

Estrogen loss during menopause increases the risk of bone loss,
as estrogen plays a key role in the preservation of bone health
and calcium homeostasis [202]. Soy isoflavones may improve
bone metabolism. A proposed mechanism by Hooshiar et al. [203]
is through modulation of the RANKL/RANK/OPG pathway,
strongly related to the structural similarity of isoflavones to
estrogen. Isoflavones have been shown to reduce RANKL levels
via a decrease in gene expression in osteoblasts and an increase in
OPG levels, a bone resorption inhibitor. /n vitro studies revealed
that this is due to an enhanced osteoblast gene expression.

Ameta-analysis by Akhlaghi etal. [204] reported that soy isoflavone
consumption significantly improved bone mineral density (BMD)
in femoral neck, hip and lumbar spine. These effects were more
pronounced in normal weight patients and interventions longer
than one year. Dosage was also an important factor influencing
the impact of isoflavones. Additionally, markers of bone turnover
including osteoprotegerin, pyridinoline and C-telopeptides were
also modified by isoflavones, however, unlike BMD influences,
overweight individuals and lower dosages showed greater benefits
[204]. Inpan et al. [205] also showed in a recent meta-analysis and
systematic review that isoflavones, particularly genistein and with
doses of at least 50 mg/day, effectively improved bone mineral
density in postmenopausal women.

SOLGEN® prevents bone mineral loss during menopause by
reducing intracellular reactive oxygen species (ROS) in a dose-
dependent manner [206].

A study of 200 women supplemented with SOLGEN® for 6
months demonstrated a significant reduction in type I collagen
crosslinked beta C-telopeptide (BCTX) (bone-resorption marker)
and in type I procollagen-N-propeptide (P1NP) (bone formation
marker), presenting a beneficial effect on bone health, in a
similar mode of action as antiresorptive agents [207]. Rapid bone
loss in early postmenopausal years is associated with increased
biochemical markers of bone resorption and, subsequently, bone
formation [207].

Glucose and insulin resistance

The incidence of diabetes and insulin resistance increases in women
after menopause [208], which is attributed to estrogen reduction.
Clinical evidence indicates that phytoestrogens may improve
glucose metabolism [209-211], although it remains controversial.

Supplementation with soy isoflavones at doses above 40 mg/day
enhanced glycometabolism [211,212]. A meta-analysis by Fang et
al. [103] concluded that soy isoflavones may improve fasting blood
glucose (FBG), insulin levels, and homeostasis model assessment
of insulin resistance (HOMA-IR). Evidence suggests that the
lowest levels of heterogeneity were with genistein alone [103].

Other studies found inconsistent results, showing no significant
effects on plasma glucose [213], insulin [214] or modest effects on
fasting glucose [215].

SOLGEN® was administered to 24 obese, postmenopausal
women with type II diabetes, resulting in significant improvements
in glycated hemoglobin (HbAlc), fasting insulin and insulin
resistance, along with lipid profile and systolic and diastolic blood
pressure, with no changes in body weight [216]. These results
suggest that soy isoflavones may improve glycemic control and
insulin resistance.

A study in 32 postmenopausal women with diet-controlled type
II diabetes found that SOLGEN® reduced insulin resistance,
improved glycemic control and decreased LDL cholesterol, which
translates into improvements in glycemic control and CV risk
markers in these patients [217]. In contrast, a study evaluating
SOLGEN® supplementation in postmenopausal Chinese women
with prediabetes or initial untreated diabetes reported no favorable
changes [218].

Regarding body composition, although some studies reported
no changes in body weight, a trial conducted among 180
postmenopausal women with mild hyperglycemia observed a mild
favorable effect of soy isoflavones on body weight, body mass
index and body fat percentage after 6 months of supplementation
[219].

CV protection

Literature indicates that soy isoflavones contained in foods and

supplements may protect against CVD [220], by maintaining

vascular endothelial health and endothelial cell protection

[221,222]. This protective effect is believed to result from the

similarities in structure of isoflavones to estrogen, along with

antioxidative and anti-inflammatory effects, not mediated by ER.

»  Estrogenic effects have demonstrated to be protective, as
they inhibit arteriosclerosis and can prevent CVD [221]. In
ovariectomized rats, increased soy isoflavone intake reduced
myocardial infarct size, enhanced endothelium-dependent
relaxation of the aorta after ischemia and reperfusion,
and improved ventricle function, effects attributed to
phytoestrogens [221,223].

»  Antioxidative effects of isoflavones are thought to protect the
endothelium by inducing antioxidant enzymes and attenuating
oxidase expression and activity. Particularly, genistein,
daidzein and equol have shown antioxidant activity [221].
Equol has also been demonstrated to prevent endothelial
nitric oxide production in ovariectomized rats [224].
Moreover, isoflavones induced superoxide dismutase (SOD)
and glutathione peroxidase activity [221]. In endothelial
cells from stroke-prone hypertensive rats, genistein reduced
oxidative stress by decreasing angiotensin Il-enhanced
p22phox NADPH oxidase and superoxides [225].

* Anti-inflammatory effects also participate in CVD protection.
Soy isoflavones have been shown to reduce inflammatory
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markers, such as IL-6, C-reactive protein (CRP) and TNF-a
in patients with ischemic cardiomyopathy [226]. Genistein
exerts several anti-inflammatory actions, including inhibition
of TNF-a-induced vascular endothelial inflammation [221];
inhibition of ox-LDL-induced expression of adhesion
molecules such as E-selectin, P-selectin, MCP-1, VCAM-1
and ICAM-1 in human endothelial cells; and suppression of
NF-kB signaling pathway [227].

In postmenopausal women, SOLGEN® enhanced endothelium-
dependent vasodilation by augmenting plasma NOx concentrations,
suggesting that isoflavones may help increase endothelial NO
production [228]. A study in healthy European postmenopausal
women reported a decrease in serum levels of CRP compared with
placebo, suggesting that SOLGEN® isoflavones may produce an
attenuation of endothelial inflammation [229].

Skin modifications

Declining estrogen levels leads to a more pronounced skin aging.
Evidence suggests that soy isoflavones, especially genistein and
daidzein, exert protective, anti-aging and anti-inflammatory
properties on skin cells [230].

A review by Wojciak et al. [231] examining soy isoflavones
applied topically identified several mechanisms through which soy
isoflavones exert their effects as modulation of signaling pathways.
Isoflavones can contribute to anti-aging effects and skin health
via several pathways, including ROS/NF-kB and STAT3, PI3K-
Akt, TGF-B/Smad, JAK-STAT, AMPK and MAPK [232-235].
Chiang et al. [232] demonstrated that isoflavone extracts inhibit
UVB-induced MAPK phosphorylation. Genistein has been shown
to inhibit the ROS/Akt/NF-kB pathway and promote AMPK
activation [233]. In vitro studies suggest that isoflavone extracts
reduce MAPK, NF-«B and JAK-STAT activation in normal human
epidermal keratinocytes [235].

Topical isoflavones application prior to UVB irritation reduced
COX-2 and PCNA expression, along with decreasing epidermal
thickness [236]. Genistein decreases inflammatory factors
including IL-1f, IL-6, IL-8, chemokine ligand 2 (CCL2), IL-17
and 1L-23, along with suppressing TNF-a-induced inflammation
[233,234]. In vitro studies revealed reductions in 1L-22, IL-17A
and TNF- a. [235]. Additionally, genistein improved pathological
scores of skin lesions in mice induced with psoriasis. This
evidence, next to the inhibition of the expression of inflammatory
factors, could open a new path in psoriasis treatment [234,235].

In the human skin fibroblasts and keratinocytes, it was observed
that genistein protects against peroxidation by regulating the
oxidant/antioxidant system and mitochondria membrane potential,
through modulation of ER, GPER30 and kinase activation [237].

Additionally, various studies indicate that oral administration of
SOLGEN®/soybean isoflavones, particularly genistein, promotes
skin repair and improves skin changes [238,239]. In a study in
women in their late 30s and early 40s, supplementation with soy

isoflavones showed a statistically significant improvement in fine
wrinkles and malar skin elasticity [240].

SOLGEN® has also been shown to improve skin aging in
healthy postmenopausal women: reducing forehead, perioral and
periocular wrinkles, hyperpigmentation, under-eye dark circles
and overall appearance [241].

Additional potential benefits

Endometriosis

Endometriosis is an estrogen-dependent inflammatory disease
[242]. Isoflavones have been investigated as a potential treatment
due to their similarities to estrogen. Results indicate that isoflavones
may play a role in endometriosis.

Astudy inrats evaluated the effect of broccoli extract in combination
with soy isoflavones for the treatment of endometriosis, which
resulted in a significant improvement of the histopathological
grade of endometriotic lesions, suggesting a therapeutic effect
[243,244].

Moreover, a recent study revealed that isoflavones rich in daidzein
inhibit cell growth and inflammation in endometriosis [245]. In a
mouse model of endometriosis, daidzein-rich isoflavones reduced
IL-6, IL-8, cyclooxygenase-2 (COX-2), aromatase and PGE, levels
[221]. Additionally, genistein caused regression of endometriotic
implants in a rat model [246].

However, the effects of soy isoflavones on endometriosis require
to be further studied as current evidence is still unclear.

Fertility treatments

A study by Vanegas et al. [247] evaluated phytoestrogens intake on
women undergoing infertility treatment with assisted reproductive
technology. Results showed that soy isoflavones intake was
positively related to live birth rates. However, evidence remains
limited.

Polycystic ovary syndrome and its comorbidities

Polycystic ovary syndrome (PCOS) is a reproductive disorder
associated with metabolic features, such as insulin resistance,
glucose tolerance and obesity [248].

In a clinical study on 70 women diagnosed with PCOS, soy
isoflavone supplementation significantly reduced -circulating
serum levels of insulin, insulin resistance, free androgen index
and serum triglycerides compared with placebo. There was also
an improvement in plasma total glutathione and insulin sensivity
[249].

Another study evaluating twelve women with PCOS, obesity,
hyperinsulinemia and dyslipidemia investigated the effects of
genistein, leading to reductions in low-density lipoprotein (LDL)
cholesterol and triglycerides [250].
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Table 1: Summary of SOLGEN® studies.

Author, year, study Evaluation Patients (n) Duration of Results
type treatment
Improvements on insulin resistance,
;?)}E)zg(ifl?;r?eilt.i([)i;f], iﬁiﬁ;ﬁ;siglz}?p?\f?ﬁz;;icebo N 1 n=32 (62.5+6.77 years) 12 weeks glycemic control and serum
’ lipoproteins (p<0.05)
Duffy et ?11. [174], 2003, |Effect of SOLGEN® vs placebo on n=33 (aged 50-65) 12 weeks Improvements in episodic memory
interventional memory (p<0.03)
Hall et al. [229], 2005 Effect of SOLGEN® vs placebo Beneficial effects on C-reactive protein
in terventional ’ > | on inflammatory biomarkers of CV | n=117 (aged 45-70) 8 weeks (CRP) concentrations (p<0.05) and
disease risk may improve VCAM-1
Weickert et al. [252] Effect of SOLGEN® vs placeboon | Increase in pre-prfand1al peptide YY’
2006. interventional body weicht n=34 (59+6 years) 8 weeks no effect on ghrelin and body weight
’ yweg (p=0.01)
Improvement of wrinkles,
Sgg;g{ar‘iﬁ e;:tli.o[nzsl]’ Egﬁ‘j C:fl SOLGEN® vs placebo on n=80 (aged 45-65) 6 months pigmentation, laxity and sagging
ey ging (p<0.05)
Fuchs et al. [253], 2007, Effect Otj SO.LGEN® v placF:bo on Anti-inflammatory response in blood
interventional proteomic biomarkers of peripheral | n=27 (aged 45-70) 8 weeks mononuclear cells
blood mononuclear cells
Hall et al. [228], 2008, Effe;t 9f SQLGEN® vs placebo B Increases in endothelium-dependent
interventional on nitric oxide-dependent n=22 (aged 54-70) 1 week vasodilation (p<0.01)
vasorelaxation p=v-
{;ltl;zeeﬁt.iila?], 2010, Eﬁ;tczii%;gf?@ vs placebo on n=180 (aged 48-70) 6 months Mild favorable effect (p<0.05)
Sathyapalan et al. [207], | Effect of SOLGEN® on bone n=200 (2 years after the 6 months Beneficial effect on bone health
2016, interventional turnover markers onset of their menopause) (p<0.01)

In rat models, soy isoflavones significantly decreased body weight
and ovarian volume, and improved estrous cycle. Moreover, serum
testosterone and LH were reduced, as well as oxidative stress and
inflammation. Additionally, estradiol levels were increased, and
improvements in follicles and corpus luteum formation were
observed [251].

Discussion

Menopause involves one third of women’s lives and defines the
end of the reproductive period, typically between 45-55. The
menopausal transition starts with the first establishments of
menstrual irregularities due to variations and posterior decline
in hormone levels and ends with the final menstrual period,
defining menopause when one year of amenorrhea has occurred.
Menopausal transition is a critical life stage, characterized by
physiological, hormonal and social changes. Challenges related
to physical and psychological changes, such as body or mood
changes, impact women’s identity and social life, with possible
negative experiences influenced by gendered social stereotypes
about aging.

Menopausal symptoms are abruptly permanent, with 90% of
menopausal women assessing for help in relieving symptoms to
their healthcare providers [254]. The World Health Organization
(WHO) defines the menopausal transition as a critical phase of
a woman’s life and considers physical, psychological and social
health to be an integral part of public health care during and after
menopause [255]. In 2020, 985 million women were estimated to

be 50 or older [256], and this number is expected to increase by
time due to global aging of the worldwide population and evolution
in life expectancy. To improve the quality of life and overall health
of an increasing older female population, further clinical research
is needed to assess menopause symptoms, as various of them can
continue for several years or never disappear without treatment.

HT is contraindicated due to its common short term and long term
side effects and its health risks. Many women prefer the use of
alternative options, such as soy isoflavones supplementation for
alleviating menopause-related symptoms.

Substantial clinical evidence supports that SOLGEN®/soybean
isoflavones are safe and effective in various conditions, not
only in postmenopausal changes but also in other midlife health
aspects, opening a new path for their use in women. However,
further research is still needed to evaluate additional benefits of
phytoestrogens supplementation.
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