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[bookmark: _Int_zTlyusCY][bookmark: _Hlk183510914][bookmark: _Hlk183591876]The menopausal transition (MT) is a significant physical, physiological, and psychological milestone in a woman’s life which can last for over a decade (Santoro et al., 2021). The fluctuation in the production of oestrogen, progesterone, and testosterone during the MT (or perimenopause) can result in various symptoms which can affect multiple organ systems in the female body and lead to serious health conditions such as osteoporosis, cardiovascular disease, and cognitive decline (Hand et al., 2021; Gatenby and Simpson, 2023). Perimenopausal symptoms also affect the quality of life (QoL) of women and can have a serious impact on their physical and mental wellbeing (Avis et al., 2021; Larroy et al., 2020; Talaulikar, 2022). The most common symptoms affecting menopausal women are vasomotor symptoms (VMS) such as hot flashes and night sweats, sleep disturbances, mood changes, genitourinary symptoms, and weight gain, but also include cognitive decline, muscle and joint pain, decrease in libido, and more (Kim et al., 2018; Santoro et al., 2021; WebMD, 2023). VMS affect between 60% and 80% of women and sleep disorders affect between 40% and 60% of women in the menopause transition (Jaeger et al., 2020; Özcan et al., 2020). Hormone replacement therapy (HRT) can be an effective treatment for severe menopausal symptoms; however, in 2002, following the publication of the Women’s Health Initiative (WHI) report raising the health risks associated with HRT, medical practitioners became reluctant to prescribe HRT (Constantine et al., 2019; Depypere et al., 2016; Harper-Harrison et al., 2024; Writing Group for the Women's Health Initiative Investigators, 2002). This led to an increasing number of women seeking natural treatments, or “nutraceuticals”, such as isoflavones, to alleviate their menopausal symptoms (Djapardy and Panay, 2022). This essay will look at the efficacy and safety of isoflavones for the treatment of VMS during the menopausal transition. 

[bookmark: _Hlk182749399]The menopause is the time in a woman’s life when her ovaries have lost their follicular function, and gonadotrophins, peptides, and steroids cyclical activity stop, which result in the end of her monthly menstruation, on average at around the age of 51 (Honour, 2018). The menopause transition, or perimenopause, occurs gradually over many years, usually between the ages of 45 and 55; but some women can experience premature menopause before the age of 40 (Hand et al., 2021). In 2021, postmenopausal women accounted for 26% of the female population worldwide, a 5% increase from 2011 (World health Organisation, 2024). 
The MT has been divided in a system of different stages according to the Stages of Reproductive Aging Workshop (STRAW), and include: the late reproductive stage (when the ovarian reserve start declining but hormonal changes compensate to maintain regular ovulatory cycle), the early menopausal transition (when the woman’s menstrual cycle becomes irregular, Follicle-Stimulating Hormone (FSH) levels rise during the luteal phase but oestrogen levels remain similar to pre-menopause), the late menopausal transition (when amenorrhea occurs for 60 days or more, FSH levels are higher and oestrogen levels drop consistently; this stage can last 1 to 3 years), and the early postmenopausal stage (when a woman had her final menstrual period (FMP) and her menses have not occurred for 12 consecutive months or more; FSH levels keep rising and oestrogen levels continue to fall for around 2 years after FMP) (Harlow et al., 2012). The Study of Women’s Health Across the Nations (SWAN), a longitudinal multi-ethnic cohort study which started in 1996 and examined the health of over 3300 women aged 42-52, found an alarming increase in total cholesterol, low-density lipoprotein cholesterol (LDL-C) and apolipoprotein (Apo) B levels in women within a year around their FMP (El Khoudary et al., 2019; Harlow et al., 2012). These increases are associated with an elevated risk of carotid plaque and therefore pose a greater risk of cardiovascular disease (CVD) in menopausal women, which prompted the American heart association to list the menopause as a female-specific risk-enhancing factor for CVD (Benjamin et al., 2019). Moreover, the decline in oestrogen levels during the MT has been associated with increased visceral fat deposition, which can lead to insulin resistance and higher risk of type 2 diabetes, as well as gradual loss of bone mass and muscle mass which can result in osteoporosis and sarcopenia (Harper-Harrison et al., 2024). Additionally, according to Santoro (2016), 90% of women seek medical or alternative help during the MT due to the incidence and prevalence of distressing menopausal symptoms (Santoro, 2016).
Vasomotor symptoms (VMS) are the most typical symptoms associated with the onset of the menopause transition and are experienced by around 75% of women in the UK, 25% of whom are acutely impacted (Sarri et al., 2017). VMS which manifest during the early menopausal stage tend to last longer and can persist for more than 8 years (El Khoudary et al., 2019). VMS include hot flashes and night sweats; hot flashes or (hot flushes) are a sudden sensation of heat, sweating and flushing usually on the face, neck, and chest, followed by anxiety and chills, which can last between 1 and 5 minutes, and affect women’s quality of life (Bansal and Aggarwal, 2019). Hot flashes can also trigger perspiration, heart palpitations, headache, fatigue, feeling faint and weak, and anxiety (Lugo and Tetrokalashvili, 2022). Night sweats, or secondary nocturnal hyperhidrosis, involve excessive sweating which can cause sleep disturbances and insomnia, and can lead to fatigue and negatively impact health-related quality of life (Idiaquez et al., 2023; Nappi et al., 2023). VMS can vary in frequency, severity, and duration, but hot flashes and night sweats tend to worsen within the year around the FMP (Jaeger et al., 2020). An Australian study found that 28% of postmenopausal women aged over 55 had moderate to severe VMS and 42% of 60–64-year-old and 33% of 65–79-year-old women still suffered from VMS (Davis et al., 2023). Moreover, Zhu et al. (2020) and Hedderson et al. (2024) found that women who experienced VMS had an increased risk of developing CVD and diabetes (Hedderson et al., 2024; Zhu et al., 2020). Hot flushes and night sweats occur when hypothalamic thermoregulatory control becomes dysregulated due to oestrogen deficiency, and result in an abnormal vasodilatory response to minor raises in body temperature (Bansal and Aggarwal, 2019). Oestrogen, amongst other hormones and neurotransmitters, is responsible for modulating vasomotor symptoms; consequently, decreasing levels of oestrogen during the MT can lead to VMS (Lugo and Tetrokalashvili, 2022). Menopausal hormone therapy (MHT) or hormone replacement therapy (HRT) include oestrogen alone or combined with progesterone and is one of the most common and efficient treatment for VMS linked to menopausal syndrome (Santoro et al., 2021). However, MHT cannot be prescribed in certain cases such as breast cancer, endometrial cancer, blood clots, liver disease, heart disease, pregnancy, or undiagnosed vaginal bleeding due to potential health risks (Mohapatra et al., 2020). Additionally, oral MHT has been found to have an increased risk of venous thromboembolism compared to transdermal MHT, and women over 60 years old are more at risk of coronary heart disease, stroke, and dementia when taking MHT than younger women (Mohapatra et al., 2020). Furthermore, the Women’s Health Initiative Study (WHI) which started assessing the effect of hormone therapy (HT) on postmenopausal women in the 1990’s, found that combined HT taken after the menopause increased the risks of heart disease, stroke, blood clots, breast cancer and dementia, but HT was declared safe to use for some women in the early menopause stage to ease moderate to severe symptoms (Gurney et al., 2014; National Heart, Lung and Blood Institute, no date; Rossouw et al., 2002). Lack of knowledge and conflicting information, together with the risks associated with HRT, resulted in a decrease in HRT use following the WHI study (Depypere et al., 2016). However, in 2021, popular British TV host Davina McCall presented a documentary on the menopause, its symptoms, and the benefits of HRT, which led to such a dramatic surge in HRT prescriptions, referred to as the “Davina Effect”, that it resulted in a national shortage (Pharmaceutical Journal, 2023).  Although the documentary was praised for raising awareness of the menopause and its many symptoms, as well as the benefits of HRT, it also highlighted the social media influence that celebrities exert, and the impact they can have on the public despite not being medically trained (Science Focus, 2023). Regulated drugs such as HRT can only be prescribed by medical professionals who are trained to give their patients evidence-based information and personally tailored treatment options, due to the risks involved with such treatments (Science Focus, 2023). As an alternative to HRT, women are turning to a more natural approach to treat their symptoms, such as complementary and alternatives medicines (CAM), and plant-based therapies such as nutraceuticals (De Franciscis et al., 2019; Franco et al., 2016).
[bookmark: _Hlk183544675]The term ‘nutraceuticals’ is an amalgam of the words ‘nutrition’ and ‘pharmaceuticals’, conceived by Stephen DeFelice in 1989, and defined as “a food or portion of a food substance that delivers health or medical benefits, which includes the treatment as well as the prevention of occurrence and progression of disease” (DeFelice, 2002; Divya et al., 2019; Gunarathne et al., 2023). Phytoestrogens are a popular nutraceutical used during the menopausal transition; they are an oestrogen-like plant compound commonly used for the relief of menopausal symptoms, particularly VMS (Durazzo et al., 2020; Glisic et al., 2018; Messina et al., 2022; Patra et al., 2023). There are 3 main subdivisions of phytoestrogens: isoflavones, found in beans, specifically soybeans; lignans, found in unrefined grains, flaxseeds, and beans; and coumestans, found in alfalfa and clover sprouts and some beans (Jung et al., 2020; Moore et al., 2017). Genistein and daidzein are isoflavones which have the strongest estrogenic effect, and are present in soybeans, lentils, chickpeas, and clover (Tsikouras et al., 2024). Many studies have looked at the effects of isoflavones on VMS in menopausal women but found conflicting outcomes.
[bookmark: _Hlk183421487][bookmark: _Hlk183423562][bookmark: _Hlk183426085][bookmark: _Hlk183545232]In their 2024 retrospective study on 200 menopausal women, Mainini et al. found that soy isoflavones combined with cocoa polyphenols and myo-Ins significantly reduced the intensity and frequency of VMS, but also symptoms of depression, blood pressure and BMI, and improved metabolic profiles after a 6-month trial (Mainini et al., 2024). Similarly, Villa et al. 2017 study on 90 women in menopausal transition showed a significant reduction in menopausal symptoms such as HF, insomnia, fatigue, and irritability in women following a 6-month course of combined nutraceuticals (including phytoestrogens, vitamins, micronutrients, and passionflower) compared to the control group (Villa et al., 2017). Moreover, HDL cholesterol levels were significantly higher after 6 months in the treatment group compared to the control group, whereas total cholesterol levels had increased in the control group compared to the treatment group, showing that the combined nutraceutical supplementation not only reduced VMS but also limited the worsening of lipid metabolism common in menopause (Villa et al., 2017). Similarly, a 2022 randomised double-blind placebo-controlled clinical study on 101 post-menopausal women showed a significant reduction in HF, sweating, sleep problems, irritability and depressive moods, as well as lower levels of LDL cholesterol and triglyceride levels, following a 12 week course of combined soy isoflavones, black cohosh, chasteberry and evening primrose oil extract compared to placebo, also in concurrence with Trimarco et al. 2016 randomised double-blind crossover study and De Leo et al. 2017 pilot study (De Leo et al., 2017; Rattanatantikul et al., 2022; Trimarco et al., 2016). Additionally, Frigo et al. (2022) found that a cereal bar supplementation containing soy and flax phytoestrogens contributed to the reduction of climacteric symptoms such as HF and insomnia in perimenopausal and postmenopausal women compared to the placebo group in their clinical prospective randomised trial (Frigo et al., 2022). Correspondingly, an open-label, controlled crossover clinical trial on 147 peri- and post-menopausal women found that a high concentration isoflavones soy drink with protein reduced climacteric symptoms by 20.4% and improved health-related quality of life by 18.1% in both peri- and post-menopausal women (Tranche et al., 2016). However, these studies included isoflavones in combination with other supplements, which could have swayed the results. In 2017, Ahsan and Mallick found a significant improvement in psychological score and HF following a 12-week treatment with 100mg isoflavones in their observational pilot study (Ahsan and Mallick, 2017). However, Ahsan and Mallick found perimenopausal women had higher improvements than postmenopausal women, in agreement with Khapre et al. (2022) who also found greater improvements in total scores and somatic and psychological subscales in perimenopausal compared to postmenopausal women following a 12-week course of soy isoflavones supplementation (Ahsan and Mallick, 2017; Khapre et al., 2022). Contrastingly, Frigo et al. found their intervention was more effective on post-menopausal than peri-menopausal women (Frigo et al., 2022). Additionally, Khapre et al. (2022) found further positive improvements beyond VMS and psychological symptoms following isoflavones supplementation: attenuation of bone mineral density (BMD) loss, lower levels of LDL cholesterol, risk reduction of coronary heart disease, breast cancer and breast cancer recurrence, endometrial cancer, ovarian cancer, colorectal and bladder cancer (Khapre et al., 2022). Interestingly, Lambert et al. (2017) were the first to conduct a parallel double-blind randomised control trial using objective skin conductance (SC) to assess hot flush frequency (HFF) and intensity (HFI) in perimenopausal women receiving either a placebo or a treatment of red clover extract (RCE) isoflavones with probiotics (Lambert et al., 2017). They found a significant decrease in HFF and HFI in the RCE group compared to the placebo group, in both physiological and self-reported measures (Lambert et al., 2017). Conflictingly, Lee et al. (2017) found no benefit to soy isoflavones supplementation compared to placebo on climacteric symptoms in post-menopausal women, in concordance with Takuathung et al. randomised control trial (RCT) (Lee et al., 2017; Takuathung et al., 2024). Remarkably, both forementioned studies showed significant improvements in bone turnover markers; furthermore, Takuathung et al. found significant improvements in facial skin wrinkles and reduction in total cholesterol levels following soy extract nutraceutical intake in their RCT (Takuathung et al., 2024). In contrast, Purzand et al. (2020) found no effect of soybean capsules on blood lipids in their randomised double-blind placebo-controlled trial, and although soybean supplementation reduced the menopause rating score (MRS) and improved menopausal symptoms compared to placebo in postmenopausal women, there was no significant difference between soybean capsules and Omega-3 fatty acid supplementation (Purzand et al., 2020). Similarly, in their overview of systematic reviews and meta-analyses, Guo et al. (2019) found conflicting results regarding the efficacy of different phytoestrogen on HF; however, they found the most significant improvements with genistein and S-equol supplementation (Guo et al., 2019). While no adverse events were experienced by the participants during the treatment period, it is worth noting that differences in dosage, short duration and small sample sizes in these studies presented some limitations.
Crucially, it is important to add that aglycones are the most absorbable form of isoflavones, and include genistein, daidzein and glycitein, which are partially hydrolysed in the gut (Monteiro et al., 2018). The metabolism and bioavailability of isoflavones are subsequently impacted by the gut microbiome, where compounds such as equol are produced following intake of isoflavones; therefore, high consumers of isoflavones, such as Asian populations, have a favourable gut microbiota which promotes a better digestibility of the compounds with a higher biological activity (Frankenfeld, 2017). Indeed, only 20-30% of the western population metabolises daidzein to equol, compared to 50% of the Asian population (Monteiro et al., 2018). Equol has a similar chemical structure to human endogenous oestradiol, which enables it to bind to oestrogen receptors and have oestrogen-like effects in the human body and can affect the occurrence and development of some endocrine cancers (Lv et al., 2024; Shen et al., 2022). The use of isoflavones in combination with probiotics and equol supplementation for non-equol producers could improve isoflavones bioavailability and benefits in treating menopausal symptoms; nevertheless, data on isoflavone components, dosage, and outcomes is limited (Chen et al., 2019). Moreover, the chemically synthesised form of equol (R-equol) shows less efficacy than its natural form, S-equol (Daily et al., 2019). Additionally, phytoestrogens can compete with endogenous oestrogen when elevated levels of oestrogen are in circulation in the bloodstream during the perimenopause, which can cause endocrine disruption and lead to antiestrogenic effects (Křížová et al., 2019; Patra et al., 2023; Tsikouras et al., 2024). 
Concerningly, nutraceuticals are not regulated in the same way as prescription drugs, resulting in differences in quality, purity, and safety, and might not be safe to take in conjunction with other medicines and prescription drugs (De Franciscis et al., 2019). Additionally, isoflavones extraction processes differ depending on the sources of isoflavones, and dosage and composition can vary depending on the manufacture, which generate challenges in assessing the efficacy and safety of the supplementations (Nemitz et al., 2016; Tsikouras et al., 2024). Moreover, studies on the benefits of isoflavones on menopausal symptoms have shown contradicting findings due to the variety in dosages, sources of supplementation and extraction methods, duration of exposure, and difference in population age and metabolism within the studies, as well as differences and limitations in methods used by researchers when conducting clinical trials, such as sample size, duration, control group and placebo use (Tsikouras et al., 2024). Besides, placebo effect has shown reduction of VMS by 30% in some studies, which raises the need for further extensive studies on the use of nutraceuticals for the relief of menopausal symptoms (De Franciscis et al., 2019).

[bookmark: _Hlk183508720][bookmark: _Int_2anV7Qj8][bookmark: _Int_LFu2lEmb]In summary, the menopause transition, with its multiple associated debilitating symptoms, can be challenging for both women and their health providers (Gatenby and Simpson, 2023). Marlatt et al. (2018) found that 65% of women did not feel prepared for the menopause, and worryingly, some studies have shown that 60 to 86% of women suffer from debilitating symptoms, prompting them to seek help (Depypere et al., 2016; Marlatt et al., 2018). Menopausal women who consult their healthcare clinicians for support in coping with menopausal symptoms are commonly faced with lack of understanding and limited knowledge of their condition and how to manage of their symptoms, prompting them to pursue their own alternative treatments (Duralde et al., 2023). A study on medical trainees has shown that only 6.8% felt prepared in supporting women manage their menopausal symptoms, and 20% did not receive any menopause education during their residency (Duralde et al., 2023). The life expectancy of women in the UK is 81 years old, therefore women will live one third of their life post-menopause; consequently, education on the menopause, not only for healthcare providers but also for the general population, could help women receive the support they need in managing their symptoms in the safest and most efficient way possible (Gatenby and Simpson, 2023). Furthermore, an improvement in safety protocols for herbal supplements preparation, and future research including more thorough clinical trials on nutraceutical treatments for menopausal symptoms, are needed to ascertain suitable, alternative, safe, and efficient options for women who cannot, or choose not to, pursue hormone therapy treatments (De Franciscis et al., 2022). Despite this, nutraceuticals such as isoflavones not only from soy but also from black cohosh and other sources, have shown to be safe to use and have promising health benefits, beyond VMS relief, for women in the menopausal transition (Castelo-Branco et al., 2022; Castelo-Branco et al., 2021; Friederichsen et al., 2020; Johnson et al., 2019). Ultimately, perimenopausal women should especially be checked for cardiovascular disease risk, diabetes, urogenital health, and receive some support and advice on nutrition, physical activity, and other lifestyle factors in order to promote the best possible health outcomes getting through the menopause (Davis et al., 2023).
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