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Isoflavones have gained popularity as an alternative treatment for menopausal symptoms for people who cannot or

are unwilling to take hormone replacement therapy.

isoflavone daidzein genistein equol menopause

| 1. Introduction

Menopause is a biological process that can cause various troublesome symptoms such as hot flashes and
emotional changes, but can also increase mortality risk due to subsequent osteoporosis and reduced metabolism.
Hormone replacement therapy (HRT) would be the most intuitive way to combat these changes; however, the 2002
Women’s Health Initiative (WHI) study showed that hormone replacement therapy increased the risk of breast
cancer, stroke, and coronary heart disease in healthy postmenopausal women . Since then, healthcare
professionals and women have been seeking alternative therapies. In Canada for example, it has been found that
60% to 90% of women would consider taking complementary and/or alternative medicine (CAM) for menopausal
symptoms, but are concerned about the efficacy and cost 2. Many patients taking CAM choose not to tell their

doctors because they feel doctors are not knowledgeable enough or are biased against CAM 1,

Vasomotor symptoms (VMS) such as hot flushes and sweating, are very common in menopausal populations and
can cause physical and mental discomfort 4. Estrogen remains the most effective therapy for hot flashes and is
approved by the U.S. Food and Drug Administration (FDA) Bl Although some women may prefer lifestyle
modification, there is no evidence that lowering the room temperature, exercising, or avoiding triggers such as
alcohol and spicy foods can improve hot flashes [l Currently, HRT is indicated for the prevention of osteoporosis
and relief of the VMS and vulvovaginal atrophy associated with menopause. Moreover, HRT increases bone
mineral density (BMD) and reduces the incidence of osteoporotic fractures . Due to the serious side effects
mentioned above, HRT should be given in the lowest effective doses for the shortest duration to meet the treatment
goals. In fact, the FDA recommends that approved non-estrogen treatments can first be carefully considered before
relying solely on HRT for osteoporosis prevention 4. VMS seriously affects quality of life during menopause and
the role of HRT is still fundamental. For affected women who cannot use HRT, evidence has shown that
acupuncture, hypnosis, paced respiration, cognitive behavioral therapy, combined preparations of black cohosh,

and omega-3 supplements may significantly reduce vasomotor symptoms 4!,
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| 2. Terminology
2.1. Isoflavones (Genistin, Daidzin), Genistein, Daidzein

The terms phytoestrogens (or plant estrogens), isoflavones, and soy are often used interchangeably in the
literature, but they are not the same. More accurately, phytoestrogens are plant compounds that have estrogen-like
effects and isoflavones such as genistin and daidzin are a type of bioflavonoids that are found in both plants and
animals &l Isoflavones are abundant in foods including soybeans, red clover, and alfalfa. After isoflavone
metabolization in the human gut, the precursors genistin and daidzin become the “aglycones” genistein and
daidzein, respectively, through the effect of gastrointestinal enzymes & (Figure 1). Fermentation of soybeans (e.g.,
to make miso) concentrates isoflavones, while processing methods that remove fat, taste, and color tend to remove

isoflavones 191,
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Figure 1. The chemical structures of genistein and its precursor genistin, daidzein and its precursor daidzin, s-

equol, and estrogen.

2.2. Equol

In over 50% of Asians but less than 20% of Caucasians, their intestinal bacteria can further convert daidzein to S-
equol, a compound structurally similar to estrogen 1 (Figure 1). S-equol also preferentially binds to ERpB, but has

a higher transcriptional expression than isoflavones 19,

Research has found that for non-equol producers, even if they consume adequate daidzein, the efficacy of
alleviating menopausal symptoms may still be limited 11, In an observational study of 364 women, only equol-
producers benefited from dietary daidzein in reducing vasomotor symptoms 121, Ingesting probiotics has failed to
stimulate S-equol production in some studies 12l while a recent randomized controlled trial (RCT) showed red
clover extract with probiotics effectively reduced VMS 4], From fecal cultures of equol-producing women, equol-
producing bacteria such as Lactococcus garvieae has been isolated 1313 and a Japanese RCT showed that

equol supplementation in non-equol producers successfully alleviated mood-related symptoms €1,

3. Effects of Isoflavones on Menopausal Syndromes and
Others

3.1. Hot Flashes

VMS (hot flashes and night sweats) are perhaps the most immediate and troublesome consequence of
menopause, and one of the main reasons menopausal women seek medical help. However, as the frequency and
severity of hot flashes are subjective and symptoms often resolve over time without treatment &, VMS are difficult
to quantify. A placebo effect is unavoidable, as illustrated in the 24-week study done by St. Germain et al. in 2001,
which showed hot flash decline in all patients, whether they received isoflavone-rich soy, isoflavone-poor soy, or
whey protein [1Z. Tice et al. also found no difference in the frequency of hot flash after 12 weeks of treatment with

either isoflavones or placebo 18],

In order to minimize subjectivity of the frequency and severity of hot flashes, skin conductance measurement has
been used in some studies. Skin conductance quantifies the preceding small increase in core body temperature
and subsequent sweat response 141, Although Newton et al. found consistent results whether using a diary or a
sternal skin conductance monitor 2, Lambert et al. found differences between subjective reporting of hot flashes
using the Green Climacteric Scale and measuring hot flashes using 24 h ambulatory skin conductance 141, In their
study, red clover extract and probiotics significantly reduced hot flashes using the measurement of skin

conductance but not Green Climacteric Scale, highlighting the need for an objective measure 241,

3.2. Bone Mineral Density
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Another significant change that occurs during menopause is the loss of bone mineral density (BMD), causing
osteoporosis. As there are high levels of ERP in bone 8, isoflavones could theoretically prevent bone loss.

Previous research has focused on ipriflavone, a synthetic isoflavone, but results have been inconclusive El}

The spine in particular is thought to be the most sensitive to isoflavones because it has a higher content of
trabecular bone compared to cortical bone. Trabecular bone has a higher expression of ERB and a larger surface
area for receptor binding 2. The hip, on the other hand, contains a higher percentage of cortical bone, and is
remodeled slower than the spine 29, A meta-analysis showed significant attenuation of spinal bone loss after 6
months of over 90 mg/day of isoflavone supplement 29, Amato et al. found that while 120 mg of isoflavones per
day did not slow bone loss at regional bone sites, there was slowing of BMD loss [21l. A systematic review and
meta-analysis published in 2017 reiterated that isoflavones attenuated BMD loss, but more so at the lumbar spine

compared to the femoral neck, and isoflavones in aglycone form were more efficacious 121,

As bone remodeling takes around four to eight months, studies of longer duration could help elucidate more
conclusive results 19, In the meantime, even slight improvements in BMD may be beneficial for postmenopausal

women who are not on hormone replacement therapy 2.

3.3. Cardiovascular Profile

Although there are many independent cardiovascular risks including age, the incidence of cardiovascular events in
women also increases after menopause due to estrogen deficiency 22. The lack of estrogen leads to a rise in low-
density lipoprotein (LDL) cholesterol, endothelial dysfunction, and reduced carotid arterial pulsatility 23],

Isoflavones may be able to reduce cardiovascular risk by acting as estrogen substitutes.

As soy products do not contain cholesterol, they are generally regarded as healthy food, leading the United States
Food and Drug Administration (FDA) to issue a statement saying soy protein may reduce the risk of heart disease
B However, habitual intake of soy in Western countries is low. A Dutch prospective study of 16,165 women
followed up for a median of 75 months found no correlation between habitual phytoestrogen intake (including
lignans and isoflavones) of the Western diet and cardiovascular disease risk, possibly due to the low overall
isoflavone intake [22],

The mechanism of isoflavones in preventing cardiovascular events, if any, remains to be elucidated. Previous
small-scale research has suggested that in perimenopausal and menopausal women, soy isoflavones may improve
systemic arterial compliance, although they had no effect on plasma lipids 23, A 2007 study similarly showed no
difference in lipoprotein lipids after 12 weeks of treatment with 60 mg of isoflavones daily 24, Therefore,

isoflavones may exert their cardioprotective effects in ways other than lowering lipids 221,

It has been suggested that genistein and daidzein cause arterial relaxation through the release of nitric oxide 22!,
However, Wong et al. found that 80 mg of soy isoflavones per day for six weeks had no significant effect on blood
pressure 28 |n fact, in vessels with pre-existing atherosclerotic changes, animal studies have shown detrimental

effects of soy and HRT. In ovariectomized and diet-induced atherosclerotic monkeys, neither soy nor HRT reduced
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myocardial ischemia/reperfusion injury, and the combination of both actually increased post-ischemic myocardial
change 4. Animal studies must be interpreted with caution however, and further research is required to reach a

conclusion before advising women against consuming soy products once they experience a coronary event 23],

A recent RCT revealed that soy isoflavones reduce systolic blood pressure in early menopause. In women within
two years of menopause, Sathyapalan et al. found that treatment with soy isoflavone supplements for six months
reduced systolic blood pressure, though there were no changes in diastolic blood pressure or lipid parameters
(total cholesterol, LDL, HDL, and triglycerides) [28]. The reduction in systolic blood pressure translated into reduced
risk of cardiovascular disease using the Framingham equation 28, According to the above findings, one can infer
that the safest and most effective treatment window for cardiovascular disease would be early menopause, before

critical atherosclerotic change.

It is also possible that isoflavones only play a small role in preventing cardiovascular events, and that the main
benefits seen are from soy itself. Soy, in contrast to animal protein, contains minimal cholesterol and saturated fats
¥ making it a more healthy way to meet daily protein requirements. Therefore, whether it is due to soy containing
copious amounts of polyunsaturated fats, fiber, and vitamins 29, or simply because it displaces dietary animal
protein intake 29 soy products are currently recommended by both the FDA and AHA (American Heart

Association) for the benefit of cardiovascular and overall health 29,

3.4. Metabolic Syndrome

The slowing of metabolism after menopause leads to obesity, an important risk factor of cardiovascular diseases

(291 There has been evidence to suggest that isoflavones improve glycemic control and promote weight loss 39,

In obese menopausal women, research on the relationship of soy isoflavone supplement and weight loss has been
limited. In a study that showed isoflavone and exercise led to a reduction of fat mass, the high drop-out rate and

questionable compliance to treatment made interpretation of results difficult 22,

In vitro studies are more optimistic. Genistein, daidzein, and equol show binding affinity to and activation of
peroxisome proliferator-activated receptor (PPAR)y, a drug target for type 2 diabetes and other components of
metabolic syndrome B9, Compared to rosiglitazone, an established anti-diabetic drug, the maximal PPARYy activity
of isoflavones ranged from 23% to 32% 29, As red clover extracts do not cause weight gain like rosiglitazone does
in human studies 29 isoflavones could potentially be used to treat metabolic syndrome through glycemic control

without the side effect of weight gain.

3.5. Cancer Risk

Because isoflavones bind to estrogen receptors, there has been concern of isoflavones inducing estrogen-sensitive
malignancies, particularly in women who are at high risk or survivors of breast cancer 2. However, in vitro studies
have shown that breast cancer proliferation is dependent on increased ERa activity, and ER[3 seems to suppress

ERa-induced cancer cell proliferation 31, Therefore, it is postulated that isoflavones, by binding to ERp, is cancer-
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protective. In addition, phytoestrogens have been found to lengthen the menstrual cycle, a possible mechanism
that potentially protects against hormone-dependent cancers €. However, such a mechanism has not been

demonstrated yet.

In studies with healthy women, isoflavones were associated with a decreased risk of estrogen-sensitive cancer. A
case-control study in Japan found that the risk of breast cancer was inversely related to soy consumption in
premenopausal women, but found no link in postmenopausal women B2, Although soy isoflavones induced some
benign clinical and non-significant ultrasonographic changes of the breast in one 12-week study, none of these
changes warranted intervention or follow-up for at least three months after the study B2, On the other hand, soy
isoflavones did not seem to stimulate endometrial proliferation during short-term treatment L9, On the contrary, a
study conducted by Shike et al. has explored the effects of soy supplementation on gene expression in breast
cancer. In this RCT, the authors found that gene expression associated with soy intake and high plasma genistein
defines a signature characterized by overexpression of FGFR2 and genes that drive cell cycle and proliferation
pathways. Therefore, they concluded that in a subset of women soy could adversely affect gene expression in

breast cancer 4],

The limited research on breast cancer patients taking soy isoflavones after surgery has also been promising. Kang
et al. found that in postmenopausal women with estrogen- and progesterone-receptor positive breast cancers
receiving anastrazole therapy after surgery, a higher intake of soy isoflavone was associated with a lower risk of

recurrence (331,

Finally, isoflavones have also been suggested to protect against colon cancer. Risk factors for colon cancer include
obesity, high levels of cholesterol, and type 2 diabetes, all of which isoflavones potentially treat. Therefore, stating
that isoflavones prevent colon cancer would be a reasonable hypothesis. A study in Korea found that high intake of
soy foods or isoflavones was associated with an overall reduction of risk in colorectal cancer, although high intake
of fermented soy paste seemed to increase the risk of colorectal cancer in men, possibly due to the high salt
content (281, Further research is required to increase the validity of this hypothesis. Soy fibers may also play a role
is this prevention. A future comparison of soy vs. isoflavone rich extracts should highlight whether or not this is the

case.

3.6. Female Urogenital Tract

Estrogen has been used to treat vaginal dryness and incontinence with varying degrees of success. ERa and ER[3
have been identified in urogenital tissues (including bladder, urethra, levator ani, and vaginal mucosa) variably E7,
These tissues also contain the GPER that has a great affinity for genistein and daidzein, and the mechanism of
continence remains unknown. Isoflavone treatment has been trialed on menopausal symptoms affecting the

urogenital tract.

Reed et al. found no differences in the vaginal cytology of women taking black cohosh or dietary soy after one year

(381 though the isoflavone content of the supplements was not clearly stated. A 10-year longitudinal study found
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that neither high nor low dietary isoflavone intake prevented stress or urge incontinence 7, though they did not

take into account equol-producer status.

Burton and Wells pointed out in their study investigating phytoestrogens and the female genital tract that although
there is no concrete evidence to date to suggest phytoestrogens affect the human female genital tract, this is due

to the paucity of research rather than the lack of correlation, and urge further investigation into this matter 21,

Regarding the effects of nutraceuticals on the sexual function of menopausal women, one study was identified.
This prospective, randomized, placebo-controlled, parallel-group study was conducted to evaluate the effect of a
mixture of isoflavones, calcium vitamin D, and inulin in menopausal women. Before and after treatment, both the
patients in the treatment group (taking oral preparations of isoflavones (40 mg), calcium (500 mg) vitamin D (300
Ul) plus inulin (3 g)) and the control group (taking placebo) were assessed for quality of life and sexual function
using the Menopause-Specific Quality of Life Questionnaire (MENQOL) and Female Sexual Function Index (FSFI)
[491 A significant reduction in MENQOL vasomotor, physical, and sexual domain scores and a significant increase
in all FSFI domain scores were observed in the treatment group after 12 months. This study suggests that a
combination of isoflavones, calcium, vitamin D, and inulin may exert favorable effects on menopausal symptoms,

sexual function, and quality of life 49,

3.7. Cognition

Sparse research has been done on the effects of isoflavones on cognitive function in menopausal women, possibly
because the natural aging process is an inevitable confounding factor. The North American Menopause Society

concluded in 2011 that soy may benefit cognitive function in women younger than 65, but not older (29,

A 6-year longitudinal study found that among women of different ethnicities with varying amounts of isoflavone
intake undergoing menopause, Asian women with high intake of isoflavone had better processing speed during
perimenopause and postmenopause, but worse verbal memory during early perimenopause and postmenopause
4l The overall cognitive effects were small, casting doubt over the significance of these findings. A systematic
review of twelve RCTs suggested isoflavones and soy may improve cognition in postmenopausal women, but
pointed out most of the available studies had serious methodological flaws 2!,

3.8. Side Effects

Isoflavones were generally well-tolerated in all of the studies the researchers found. Side effects were mild and

mostly gastrointestinal, including nausea, bloating, diarrhea, and constipation LI,

There has been concern over S-equol due to previous animal studies. Reproductive abnormalities were found in
sheep ingesting red clover, and captive cheetahs fed soy-containing diets became infertile 13l. Ovariectomized

Sprague-Dawley rats fed high-dose equol showed clear mammotropic effects after 3 months 43,
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