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Abstract

:

Menopause is a period during which women undergo dramatic hormonal changes. These changes lead to physical and mental discomfort, are greatly afflictive, and critically affect women’s lives. However, the current safe and effective management measures for women undergoing menopause are insufficient. Several probiotic functions of lactic acid bacteria (LAB) have been recognized, including alleviation of lactose intolerance, protection of digestive tract health, activation of the immune system, protection against infections, improvement of nutrient uptake, and improvement of the microbiota. In this review, we highlight the currently available knowledge of the potential protective effects of LAB on preventing or mitigating menopausal symptoms, particularly in terms of maintaining balance in the vaginal microbiota, reducing bone loss, and regulating the nervous system and lipid metabolism. Given the increasing number of women entering menopause and the emphasis on the management of menopausal symptoms, LAB are likely to soon become an indispensable part of clinical/daily care for menopausal women. Herein, we do not intend to provide a comprehensive analysis of each menopausal disorder or to specifically judge the reliability and safety of complementary therapies; rather, we aim to highlight the potential roles of LAB in individualized treatment strategies for the clinical management of menopause.
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1. Introduction


The World Health Organization defines menopause as the permanent cessation of spontaneous menses, caused by the loss of ovarian follicular activity. Compounded by the effects of ageing, social and metabolic factors, daily activity, and impaired well-being, menopausal symptoms might be extremely severe and could significantly affect the quality of life of women [1]. As life expectancy is increasing, women tend to experience menopause for more than one-third of their lives, especially in western countries [2]. According to statistics, 25% of women experience severe menopausal symptoms [3]; these include central nervous system (CNS)-associated disorders and physical changes associated with metabolic changes, musculoskeletal changes, sexual and urogenital system dysfunction, and structural changes [4]. Some menopausal symptoms, for example, hot flashes, appear even begin in the perimenopause (a period that ovarian function changing until menstruation completely disappears) [5]. Having a healthy menopause has great social benefits. A healthy menopause is a dynamic condition in which permanent loss of ovarian function occurs; it is characterized by physical, psychological, and social self-satisfaction and may include illness and disability, and this enables women to achieve the desired level of resilience and self-management [6]. Menopause is inescapable; however, for women to live a healthy and happy life in the future, the alleviation of the adverse events that accompany menopause are particularly important. Hormone replacement therapy (HRT) is currently recognized as the most effective method for treating menopausal syndrome (e.g., vasomotor dysfunction and genitourinary syndrome). However, HRT is not suitable for all menopausal women and is not effective against chronic diseases such as diabetes or cognitive decline [7]. Non-hormonal strategies, including lifestyle changes, improved diet and nutriment, non-hormonal pharmaceuticals, and the adoption of behavioural and alternative medicine therapies, have also been proposed to manage menopausal symptoms [8]. Evidence suggests that lactic acid bacteria (LAB), particularly those used as probiotics, are effective in relieving complex menopausal disorders.



LAB are a group of microorganisms first recognized in the early 19th century [9]. LAB are Gram-positive, usually peroxidase-negative, mildly aerobic, acid-tolerant non-bacilli and cocci; they are found in various habitats, including the digestive tract, oral cavity, pneogaster, and vagina in humans and in ambient ecological niches, including processed dairy and animal products and plant products. LAB are generally regarded as beneficial microorganisms, and some LAB strains, including those belonging to the genera Lactobacillus, Leuconostoc, Pediococcus, Bifidobacteria, Lactococcus, and Streptococcus, are recognized as probiotics [10]. Probiotics are defined as “live microorganisms that confer health benefits on the host when taken in sufficient quantities” [11]. LAB could produce a variety of beneficial metabolites, including antimicrobial peptides, short-chain fatty acids, and lactic acid [11]. Hence, LAB-driven fermentation preserves biological activity and has a plethora of health-enhancing effects, such as improvement of food nutritional value, prevention of intestinal infections, suppression of antibiotic-associated diarrhoea, treatment of lactose intolerance, enhancement of immunomodulation, treatment of food allergies, anti-oxidant effects, anti-anxiety effects, enhancement of lipid metabolism, and suppression of tumours [12]. Furthermore, LAB regulate imbalances in the gut microbiota composition by increasing the beneficial bacterial population, enhancing intestinal epithelial barrier function, and regulating cytokine production [13]. While the health benefits of LAB and LAB-fermented foods have been reported in multiple studies and generalized in several reviews, in the present review, we focus on the benefits of LAB in women with menopausal symptoms.




2. Menopausal Symptoms


2.1. Anxiety and Depression


Compared with men, women are more susceptible to depression and anxiety, especially during periods of hormonal fluctuations, such as during the low oestrogen phase of the menstrual cycle, after childbirth, and during menopause [14]. A prospective community-based cohort study from China showed that the prevalence of depressive symptoms increased from 14.5% (premenopausal) to 18.2% (in transition) to 19.6% (postmenopausal) along the menopause trajectory, while the incidence of anxiety symptoms increased from 3.1% (premenopausal) to 7.0% (in transition) to 7.4% (postmenopausal) [15]. In addition, anxiety and depression have been linked to sleep disorders and vasomotor symptoms in postmenopausal women [16].




2.2. Urogenital Atrophy


Urogenital atrophy is a common issue during menopause. Oestrogen loss during urogenital atrophy leads to vaginal dryness, vulvovaginal irritation and pain, dyspareunia, and recurrent urinary tract infections in 50–60% of postmenopausal women [12].




2.3. Osteoporosis


Osteoporosis is a disease characterized by deteriorated bone integrity and strength and mainly occurs in women 10–15 years after menopause [13]. Postmenopausal women with osteoporosis are more likely to experience fractures [14]. Approximately 40% of all postmenopausal women are likely to experience an osteoporotic fracture during the course of their lives [15].




2.4. Cognitive Disorders


Nearly two-thirds of all women experience subjective cognitive difficulties during menopausal transition; these difficulties mainly manifest as forgetfulness, slow thinking, and inattention [16]. Furthermore, older women have a higher risk of Alzheimer’s disease than older men, suggesting that longevity is not the reason underlying the sex-related difference [17].




2.5. Cardiovascular Risk


Menopause is recognized as a special cardiovascular risk factor in women. Early menopause has been linked to an increased risk of cardiovascular disease [18]. A previous cohort study reported that women who experienced menopause before 50 years of age had higher risks of death and cardiovascular events than those who experienced menopause after 50 years of age [19].




2.6. Metabolic Disorders


A 10-year follow-up study demonstrated that postmenopausal women had a higher body fat mass, more visceral fat, a greater fat percentage, and more central fat accumulation than premenopausal women [20]. These changes in fat distribution in menopausal women enhance insulin resistance and thereby induce an exponential increase in the incidence of diabetes. This increase, in turn, increases the risks of cardiovascular disease and death in women [21]. It is signified that metabolic disorders during menopause not only increase the risk of cardiovascular disease in menopausal women but also increase the national health system burden and affect the socio-economic development of society [22,23]. Thus, metabolic disorders in menopausal women should be considered not only as personal issues but also as socioeconomic issues [24].





3. The Mainstream Method of Managing Menopause


Decline in oestrogen levels during menopause is associated with multiple diseases in women. The understanding of menopause is increasing as various perceptions and symptomatic experiences of menopause are being described; this has promoted the medicalisation of the management of menopause-related symptoms. A positive attitude and appropriate coping strategies are necessary for a healthy menopause. Hormonal and non-hormonal strategies have also been recommended for menopausal women.



3.1. HRT


HRT is the most practical method for the treatment of menopausal symptoms caused by oestrogen withdrawal. Therapeutic administration of oestrogen might eliminate almost all menopausal symptoms. HRT comprises a series of preparations of sex hormones (oestrogen alone or combined with progestogen) that could be administered orally, transdermally, intramuscularly, intranasally, subcutaneously, or locally (vaginally) [25]. Several menopausal symptoms, including vasomotor symptoms, sleep disorders, loss of sexuality, bone loss, depression, memory deficits, and cardiovascular diseases, have been shown to be resolved after HRT [26]. However, the use of HRT is not recommended over long periods or after several years following menopause as it may increase the risk of breast cancer and coronary heart disease in older women [27]. Some studies have suggested that HRT should be primarily used to prevent menopausal symptoms in younger menopausal women [28]. In addition, HRT should be avoided in women with breast or endometrial cancer, cardiovascular disease, thromboembolic disease, and active liver disease [29].




3.2. Non-Hormonal Therapy


Tibolone (TIB) is a selective tissue oestrogen activity regulator that activates hormone receptors in a tissue-specific manner. The different hormone receptor effects of TIB are determined by its three metabolites: 3α-hydroxytibolone (3α-OH-T) and 3β-hydroxytibolone (3β-OH-T) have oestrogenic effects and combine with oestrogen receptors in the breast and brain tissues to exert estrogenic effects, whereas δ4-tibolone (δ4-TIB) exhibits an affinity for progesterone and androgen receptors in the endometrium and vagina, thereby exerting progestin and androgenic properties. TIB has an ameliorative effect on several symptoms of perimenopause, including vasomotor symptoms, mood- and cognition-related symptoms, neurodegeneration, sexual health-related symptoms, and bone demineralisation [30].



Selective oestrogen receptor modulators (SERMs) act as oestrogen agonists or antagonists in a tissue-selective manner, depending on the target tissue [31]. Tamoxifen, toremifene, and raloxifene are the first three SERMs approved for clinical use [32]. Tamoxifen is the most commonly used SERM and acts as an oestrogen receptor antagonist in breast tissue but as a partial agonist in other tissues such as the endometrium and bone [32]. Although tamoxifen may treat osteoporosis and reduce the incidence of cardiovascular disease and treat breast cancer, its long-term usage unfortunately has side effects such as hot flashes and uterine cancer [33].



Selective serotonin re-uptake inhibitors (paroxetine, citalopram and venlafaxine) and serotonin–norepinephrine re-uptake inhibitors (venlafaxine) are beneficial in alleviating the frequency and severity of hot flashes during menopause [34].




3.3. Non-Pharmaceutical Treatments


3.3.1. Phytoestrogens


Non-steroidal polyphenolic plant substances are collectively known as phytoestrogens; this class mainly includes flavonoids, lignans, and stilbenes, all of which have biological activity similar to that of natural oestrogens and exert anti-oestrogenic and pro-oestrogenic effects by binding to oestrogen receptors [35]. Thus, the use of phytoestrogens is commonly recommended for alleviating menopausal symptoms. A study reported that phytoestrogens reduce menopausal hot flashes, night sweats, and other urogenital menopausal symptoms [36]. However, one study also indicated a lack of conclusive evidence proving the effects of phytoestrogen on menopausal symptoms [37].




3.3.2. Vitamin and Mineral Supplements


Vitamins might contribute to improving the quality of life in menopausal women. In particular, vitamins combined with minerals such as calcium have positive effects in perimenopausal and postmenopausal women [38].






4. Health-Promoting Benefits and Clinical Implications of LAB in Menopausal Women


4.1. LAB for Healthy Ageing


Menopause is a manifestation of ageing, and the occurrence of menopause accelerates the ageing process [39]. Thus, like in ageing, during menopause, a woman’s body inevitably undergoes immune changes and experiences oxidative stress. In 1996, Wise proposed that understanding and controlling changes in the ageing process could help develop strategies to mitigate the destructive effects of menopause [40]. As ovarian function declines, the levels of pro-inflammatory serum markers, including interleukin (IL)-1, IL-6, and tumour necrosis factor (TNF)-α increase, as does the body’s cellular response to these cytokines; moreover, the levels of cluster of differentiation (CD) 4-T cells and B-lymphocytes and the cytotoxic activity of natural killer cells decrease [41]. Elevated levels of proinflammatory cytokines in postmenopausal women reportedly contribute to the risk of chronic inflammatory disease [42]. LAB have been shown to prevent and effectively treat inflammatory bowel disease, mucositis, and even colon cancer through their immunostimulatory properties [43]. Several studies have reported that LAB modulate immunity via various mechanisms. LAB could interact with the gut-associated lymphoid tissue and thereby modulate host-immune responses [44]. For example, probiotic LAB could stimulate changes in the composition of the intestinal mucosa and influence the mucosal immune system, including inducing the change from T helper 2 (Th2) to T-helper 1 (Th1) responses, thereby promoting humoral immunity [45]. In addition, the consumption of LAB promotes intestinal barrier function by increasing mucus secretion, producing antimicrobial peptides to inhibit pathogenic growth, competing with pathogens for adhesion to the intestinal mucosa and increasing the expression of epithelial-cell-binding proteins [46].



Before menopause, adequate oestrogen serves as an antioxidant to balance oxidative stress [47]. During menopause, oestrogen production is erratic, and because of the loss of the antioxidant effects of oestrogen, reactive oxygen species are assumed to increase. Unfortunately, oxidative stress caused by the excess production of free radicals such as reactive oxygen species is a key contributor to the ageing process. Thus, levels of reactive oxygen species increase with ageing. Under the dual action of ageing and reactive oxygen species generation, the occurrence of menopausal symptoms is exacerbated. In addition to protecting the immune system, LAB respond to oxidative stress. Studies have reported that LAB have a good antioxidant capacity and protect against oxidative stress (Table 1). In vitro, many LAB strains and their metabolites have shown excellent scavenging capacity for 1,1-diphenyl-2-picrylhydrazyl, O2−, and H2O2 [48]. In addition, LAB resist oxidative stress by chelating metal ions such as Fe2+ and Cu2+. The chelation of metal ions may contribute more to the antioxidant capacity of LAB rather than to the superoxide dismutase activity, as reported by a previous study [49]. Furthermore, enzymatic regulation is another mode of action of LAB, including regulation of the auto-secretion of antioxidant enzymes, induction of the activity of host antioxidative enzymes, and regulation of certain reactive-oxygen-species-producing enzymes [50].



As a dietary intervention strategy, LAB treatment seems to have great application prospects in regulating the aging immune system, combating oxidative stress, ultimately restoring immunity, preventing infection, and enhancing healthy aging. To date, although several studies have reported the effect of LAB on aging, most researchers chose males in the study of the impact of LAB on the immune system of aging animals and the possible mechanisms [51,52]. However, there are gender differences in immune response. Gonadal hormones might have contributions to this sex differential. Therefore, it is necessary to conduct targeted research on the health effects of LAB on females in terms of aging and oestrogen withdrawal [53,54].




4.2. Promoting Oestrogen Receptor Response


The main biological effect of oestradiol is mediated by two intracellular receptors: oestrogen receptors α and β [63]. In addition to oestrogen, phytoestrogens interact with oestrogen receptors. The effects of phytoestrogens in the body are regulated by the gut microbiota; these microbes convert the phytoestrogens into bioactive substances that are more readily absorbed and have stronger oestrogenic and antiestrogenic properties [64]. Owing to structural differences in the intestinal microbiota, the bioavailability of phytoestrogens varies from person to person. LAB might promote the production of active substances in phytoestrogens by promoting the metabolism of phytoestrogens or by modulating the balance of the microbiota [65]. In recent years, several LAB strains, including Lacticaseibacillus paracasei, Lactococcus garvieae, Ligilactobacillus salivarius, Lactobacillus gasseri, and Lactiplantibacillus plantarum have been identified as possessing an excellent ability to secrete glycosidase and convert daidzein to equol [66]. Under suitable conditions of fermentation, L. plantarum 128/2 is fully biologically active against isoflavones in soymilk and possesses a remarkable capacity to produce β-glucosidase activity [67]. In addition to using fermentation to promote the biotransformation of isoflavones, the simultaneous consumption of LAB and isoflavones could increase the production of equol in the body. Isoflavone administration in conjunction with probiotic consumption increases equol production over time [68]. When administered with isoflavones, LAB not only optimise isoflavone bioavailability by directly affecting isoflavone metabolism but also indirectly provide health benefits by affecting other bacterial species, thereby enabling the optimisation of the performance of these phytoestrogens [69]. A series of studies have demonstrated that, with the help of LAB, phytoestrogens play a critical role in the health of menopausal women. The presence of L. sporogenes increases the intestinal absorption and bioavailability of soy isoflavones that appropriately and safely alleviate sleep disorders in postmenopausal women [70]. Soy milk fermented with Lpb. plantarum 1R1.3.2 rather than unfermented soy milk significantly decreased the serum osteocalcin concentration in menopausal women [71]. In addition to helping phytoestrogens to bind to oestrogen receptors more efficiently, LAB supplements may influence the oestrogen metabolism by regulating the oestrobolome. For example, β-glucuronidase secreted by microorganisms can activate conjugated oestrogen, induce its reabsorption, and subsequently act on the oestrogen receptor [72]. Moreover, several studies involving polycystic ovarian syndrome (PCOS) showed that sex-hormone-related gut microbiota was modulated after the administration of LAB, thereby restoring abnormal sex hormone levels [73,74]. Several studies have showed that LAB is directly or indirectly involved in the regulation of hypothalamic pituitary hormones [75,76]. This provides a possibility of using LAB to regulate the sex hormone levels in the host. A recent study has shown that Lpb. plantarum CCFM1180 increased the circulating oestradiol concentration in ovariectomised mice and upregulated the expression of oestrogen receptor α in the abdominal adipose tissue [77]. This study indicated that the regulatory effect of LAB on oestrogen synthesis in extragonadal tissues will be shown when female gonad tissue function is weakened, such as the withdrawal of ovarian function in women during menopause. This provides a new idea to improve the oestrogen deficiency in women during menopause through dietary regulation. Unfortunately, the research has not been able to explain the specific mechanisms that mediates the regulation of oestrogen by this strain. With the development of omics technology, the potential targets and specific mechanism of LAB regulating gonadal hormone can be explored in future research by combining metagenomics, metabolomics, transcriptomics, and other technical means.




4.3. Role of LAB on Menopausal Osteoporosis


Bone homeostasis is maintained by the balance between bone resorption by osteoclasts and bone formation by osteoblasts [78]. The pathogenesis of osteoporosis is caused by bone resorption more than bone formation, resulting in a negative balance of bone metabolism [79]. Menopause results in a period of rapid bone loss, owing to oestrogen depletion. Higher consumption of yoghurt in older people is linked with higher bone density and greater physical function, attributable to the LAB it contains [80]. Numerous studies have shown that LAB could prevent bone resorption and bone loss (Table 2). The possible mechanism underlying bone protection by LAB regulating the intestinal microbiota has been proposed. As shown in Figure 1, LAB increase the availability of calcium by maintaining the low pH. In addition, the synthesis of vitamins and the production of short-chain fatty acids facilitated by LAB also result in increased calcium absorption [81]. Some active peptides produced by LAB can help release minerals from insoluble ions, thereby increasing mineral absorption [82]. LAB treatment acts on the immune system and attenuates increases in the osteoclastogenic factors (TNF-α and IL-1β) that are present during osteoporosis [83,84]. Regulatory T cells are protectors of bone health, and the consumption of LAB could regulate T cells to boost the transcription of the anti-osteoclastogenic factors interleukin (IL)-10 and interferon (IFN)-γ and thus enhance bone mass [85]. The lack of oestrogen during menopause leads to increased intestinal permeability [86]. Disruption of gut barrier integrity not only leads to gut inflammatory responses but also affects skeletal homeostasis. Strengthening the intestinal barrier function is one of the main roles of LAB [87]. Therefore, decreasing gut permeability is another potent mechanism of action by which LAB protect bone health during menopause [88]. Although oral LAB supplementation could be a potential alternative for preventing bone loss in menopause, more large samples and higher quality clinical trials are still needed to further verify the effectiveness of LAB in the intervention of osteoporosis or the maintenance of bone homeostasis. Moreover, considering that osteoporosis is a very common disease with a variety of causes, including lifestyle changes, genetic diseases, endocrine disorders, or the induction of other diseases, it is necessary to consider the impact of these factors on the effect of LAB intervention when designing clinical trials of menopausal osteoporosis. As shown in Table 2, in previous studies, the choice of experimental endpoint and different evaluation indicators will lead to incomparability between experimental results [83,89]. Therefore, more reliable and authoritative design and result measurement standards are needed for clinical trials targeting menopausal women with osteoporosis symptoms.




4.4. Prevention of Dyslipidaemia and Obesity by LAB


In the past few years, preclinical studies investigating the effects of LAB against the development of obesity have emerged. One study showed that Lactobacillus significantly reduces the feed intake by modifying the production of satiety hormones [93]. Treatment with L. plantarum CQPC02 reduced the visceral fat and blood lipid levels in obese mice consuming a high-fat diet. The lipid-lowering effects of L. plantarum CQPC02 may depend on its regulation of obesity-related mRNA expression in the liver [94]. Similarly, L. plantarum KFY04 slowed weight gain and decreased the weight of the liver and the visceral fat by modulating the expression of the peroxisome-proliferator-activated receptor pathway and by alleviating oxidative damage and inflammation in obese mice [95]. The gut microbiota plays a special role in energy absorption and metabolism. Firmicutes are more adept at metabolising energy than Bacteroides because they possess more genes for synthesising enzymes involved in lipid and carbohydrate metabolism [96]. Obese people often have a higher abundance of Firmicutes and a lower abundance of Bacteroidetes than lean people [97]. The modulation of the gut microbiota by LAB restores the integrity of gut function and exerts beneficial effects on the gut microbiota, reversing the dysregulated state of obesity [98]. Kefir, an LAB-fermented beverage, alleviated obesity and hepatic steatosis in mice consuming a high-fat diet by modulating the gut microbiota and mycobiota and suppressing inflammatory factors [99]. The effects of LAB on the regulation of metabolic disorders caused by oestrogen deficiency are also quite remarkable. A recent study showed that L. intestinalis YT2 alleviated the increased fat mass in ovariectomised rats mimicking the condition in menopausal women [100]. Moreover, a previous study showed that Lpb. plantarum CCFM1180 increased the level of circulating oestrogen, which may play a role in alleviating metabolic disorder in ovariectomised mice [36]. This evidence suggested that the mechanism of some LAB strains to alleviate metabolic diseases caused by oestrogen withdrawal may not be limited to their general regulation on the lipid metabolism. Meanwhile, this raises another question worthy of in-depth consideration, that is, whether the anti-obesity and anti-dyslipidaemia characteristics of strains in general metabolic disorder model will also be shown in the metabolic disorder model caused by changes in sex hormones. Although the mechanism of LAB regulating metabolic disorders in menopausal women is still unclear, a series of studies have been carried out to study the effects of LAB on metabolic disorders in menopausal women, and some progress has been made. A 12-week-long clinical study showed that multispecies probiotic supplementation inhibited risk factors in a dose-dependent manner and regulated glucose metabolism, blood lipid levels, waist circumference, and visceral fat in obese postmenopausal women [101]. Several current studies have shown that the dosage and duration of LAB supplementation affects efficacy of LAB in the treatment of lipid metabolism. Therefore, these factors need to be considered in the experimental design [102,103].




4.5. LAB and Their Influence on the Vaginal Microbiome


The dominance of Lactobacillus among the microorganisms inhabiting the vagina of women receiving HRT has been reported previously; Lactobacillus is associated with the relief of vulvovaginal-atrophy-related symptoms and serum oestrone concentration [104]. Moreover, LAB play various protective roles in the vagina (Figure 2). First, Lactobacillus creates an acidic vaginal environment (pH = 4) by producing lactic acid, which has antibacterial properties [105,106]; in addition, LAB produce other antibacterial compounds, such as hydrogen peroxide, antibiotics, and target-specific bacteriocins, which may help promote the antagonistic ability of LAB and prevent foreign species from invading the vaginal microbiota [107,108,109]. Furthermore, Lactobacillus contributes to the ability of the microbiota to effectively exclude pathogenic microorganisms by modulating the epithelial innate immunity and competing for nutrients and tissue adherence [110,111]. Treatment with probiotics for vaginal dysbiosis is a relatively new concept. Several researchers have used probiotics to restore the Lactobacillus abundance in the vaginal microbiota of postmenopausal women and achieved promising results. In postmenopausal women treated with L. rhamnosus GR-1 and L. reuteri RC-14 (orally for 14 days), the vaginal flora was appropriately restored and the vaginal colonisation by potential pathogens and yeasts was reduced [111]. Moreover, it has also been reported that administration of live LAB strains in combination with low-dose oestriol has positive effects on restoring the vaginal microbiome and reducing urogenital atrophy and urinary tract infection [112,113,114]. Although recent scientific evidence shows that LAB used directly in the vagina and LAB introduced orally as adjuvant therapy may be a valuable strategy to restore the vaginal microbiota of menopausal women and protect them from genitourinary sequelae caused by oestrogen withdrawal, it should be pointed out that LAB used directly in the vagina and LAB introduced orally may play a role in the vagina through different modes and mechanisms, and researchers should put forward different requirements on the source and functional characteristics of LAB strains for oral or external use. Due to the need to ensure the outstanding ability of vaginal administrated LAB to colonize in the vagina and competitively exclude the pathogens, lactobacilli originating from the vagina of healthy women is the best candidate for LAB used directly in the vagina. In contrast, the sources of LAB introduced orally have more options. However, the difference of the mechanisms of LAB used directly in the vagina or LAB introduced orally on the vaginal microbiome and vaginal health remains unclear. Furthermore, questions remain as to how LAB introduced orally affect the vagina and how they migrate from the intestine to the vagina.




4.6. LAB and CNS-Related Symptoms


CNS-related symptoms are a result of neurobiochemical changes induced by ovarian function decline (e.g., vasomotor symptoms, somnipathy, anxiety and depression, migraine headaches, and cognitive impairment), and the symptoms are related [4]. It is important to control these symptoms in menopausal women. More recently, the term “psychobiotic” was linked to a series of probiotics that could influence the CNS [115]. LAB are effective in improving behaviours related to mental illness (Table 3). Indeed, some strains of psychobiotics, such as L. plantarum PS128TM and B. breve CCFM1025, have been found to be effective against a variety of mental illnesses. LAB could secrete neuro-active metabolites that affect CNS-related symptoms. γ-Aminobutyric acid, which is generated by LAB, may delay the ageing of nerve cells, inhibit neurotransmitters, and mediate most inhibitory nerve transmissions in order to treat psychiatric disorders, including menopausal syndrome and early mental disorders [116]. In addition, LAB play critical roles in CNS-related symptoms by modulating the gut microbiota, inhibiting the working of the hypothalamic–pituitary–adrenal axis, regulating key neurotransmitters, strengthening the immune system, and modulating the neural system. Unfortunately, there is no sufficient evidence to directly prove that psychobiotics can improve the mood or psychology of menopausal women. It is recommended that further research is needed to assess the efficacy of LAB treatments on the relief of CNS-related symptoms in menopausal women. Moreover, considering the influence of changes in sex hormones and various menopausal symptoms on the CNS during menopause, the mode of action by LAB on CNS-related symptoms may involve other unspecified mechanisms.





5. Summary and Future Perspectives


When menopause occurs, women not only face problems related to ageing but also experience the adverse consequences of oestrogen withdrawal. Thus, the management of menopausal symptoms is very important. HRT is recognized as the most effective strategy to deal with menopausal symptoms; however, there are some concerns with its safety that limit its applicability. Additionally, HRT is not recommended for long-term usage. Thus, alternative therapies are needed for patients who are concerned about the safety of HRT or for those for whom HRT is not suitable. The strong evidence collected and reported in this review indicates that LAB supplementation has great prospects in the management of menopausal health. On the one hand, as a dietary intervention, LAB not only relay on their own salutary function to produce beneficial metabolites, fight oxidative stress, and enhance immunity but also manipulate the effects of the intestinal microbiota of the host via a two-way relationship with it. On the other hand, LAB that were thoroughly studied prior to application showed no adverse events during consumption, indicating that their use is safe. Therefore, when LAB are used as a mild dietary intervention, no risk level assessment is required.



Although LAB have many potential benefits for menopausal management, researchers still have a large amount of work to do, and extensive and systematic studies are necessary to demonstrate the effectiveness of LAB. Symptoms that occur during menopause, such as osteoporosis, depression, anxiety, and insomnia, are common. When designing a LAB intervention for women with menopausal symptoms, it is important not only to pay attention to the relief of general symptoms, but also to take into account whether LAB strains could address the root causes of the disease, such as menopausal sex hormone changes and immune aging. The regulation of LAB on the host’s gonadal axis, central nervous system, and immune system is not only related to the strain itself, but also may benefit from the gut microbiome and its metabolites regulated by LAB, such as short-chain fatty acids, bile acids, and amino acids. Therefore, genomics, metabolomics, transcriptomics, and other omics technologies should be fully combined to better understand the mechanism of LAB in relieving menopausal symptoms. Up until now, different standards have been adopted in clinical trials of LAB intervention for menopausal women. We suggest that the same standards should be adopted, and the experimental design should be based on authoritative guidelines, such as Good Clinical Practice guidelines of the International Council for Harmonization (GCP/ICH). Meanwhile, different endpoint judgment criteria should be designed for different menopausal symptoms. Furthermore, in order to improve the comparability between studies, clinical trial designers also need to consider the possible impact of diet, disease status, menopause, menstruation, fertility status, and even the race of menopausal subjects.



When adequately documented, we recommend that obstetricians and gynaecologists incorporate LAB interventions into perimenopausal and menopausal management strategies. After quantifying the symptoms and signs of menopause using standardized scales, the corresponding menopause management plan should be assigned to the patient according to the symptoms and severity. For those who want to enter menopause naturally, it is recommended that they supplement LAB therapy with immune protective, antioxidant, and mineral (e.g., calcium) supplements. LAB strains with symptom-targeted function may be recommended to prevent the recurrence of menopausal symptoms in those who have benefited from HRT and are ready to discontinue the treatment or reduce its dose. For patients on non-hormonal therapy, specific strains of LAB could be used in combination with medicines, such as selective serotonin re-uptake inhibitors, to alter tryptophan metabolism and relieve serious menopausal depressive symptoms.
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Figure 1. Possible mechanism of action of LAB on bone through the intestinal tract. Promotion of mineral release, enhancement of calcium absorption, inhibition of inflammation, and regulation of bone metabolism balance are the important mechanisms by which LAB inhibit osteoporosis by regulating the gut microbiota [81,82,83,84,85,86,87,88]. 
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Figure 2. The mode of action of LAB on the vaginal microbiome [105,106,107,108,109,110,111]. 
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Table 1. Studies presenting evidence on the antioxidant effects of LAB (in vivo).
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	LAB Strain
	Preclinical or Clinical Trials
	Subjects
	Sources of Oxidative Stress
	Antioxidant Effects





	L. paracasei BEJ01
	Preclinical trials
	Mice
	Aflatoxin B1 and fumonisin B1
	Reduced GSH concentration and inhibited expression of GPx and SOD [55]



	L. rhamnosus GG
	Preclinical trials
	Mice
	Colon and prostate cancer
	Enhanced DPPH scavenging activity in colon and prostate cancer cells [56]



	L. lactis subsp. lactis CCFM1018
	Preclinical trials
	Rats
	DEHP
	Inhibited the level of MDA and enhanced the level of CAT in DEHP-exposed rats [57]



	Lpb. plantarum CCFM242
	Preclinical trials
	Mice
	Ulcerative colitis
	Decreased MDA content and increased the content of GSH, GPx, SOD, and CAT in the gut [58]



	P. pentosaceus B19
	Preclinical trials
	Mice
	PFOS
	Enhanced GSH activity in the liver [59]



	L. casei 01
	Clinical trials
	RA patients
	RA
	Decreased SOD and GPx activity [60]



	L. acidophilus La5 and B. lactis Bb12
	Clinical trials
	MetS patients
	MetS
	Significantly increased the level of TAC [61]



	L. acidophilus, L. bulgaricus, L. bifidum, and L. casei.
	Clinical trials
	Type 2 diabetes patients
	Type 2 diabetes
	Reduced MDA levels [62]







CAT: catalase; DEHP: di(2-ethylhexyl) phthalate; DPPH: α,α-diphenyl-β-picrylhydrazyl; GPx: glutathione peroxidase; GSH: glutathione; MDA: malondialdehyde; MetS: metabolic syndrome; RA: rheumatoid arthritis; SOD: superoxide dismutase; TAC: total antioxidant capacity.
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Table 2. The regulatory effect of LAB on menopausal osteoporosis in preclinical trials or clinical trials.
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	LAB Strain
	Preclinical or Clinical Trials
	Subjects
	Duration
	Anti-Osteoporosis Results





	L. acidophilus
	Preclinical trials

(in vitro)
	MC3T3-E1 cells and RAW264.7 cells
	-
	Increased the number of cells in osteoblasts [90]



	Lpb. plantarum NK3
	Preclinical trials

(in vivo)
	Ovariectomized mice
	4 weeks
	Increased blood calcium, phosphorus, and osteocalcin levels [91]



	L. acidophilus ATCC 4356
	Preclinical trials

(in vivo)
	Ovariectomized mice
	6 weeks
	Strengthened both trabecular and cortical bone microstructure along with improved mineral density and heterogeneity of bones [85]



	L. reuteri ATCC PTA 6475
	Clinical trials

(in vivo)
	Elderly women with osteopenia
	12 months
	The loss in total VBMD of the distal tibia in women taking L. Reuteri 6475 was nearly half that of women taking placebo [92]



	L. paracasei DSM 13434, Lpb. plantarum DSM 15312 and Lpb. plantarum DSM 15313
	Clinical trials

(in vivo)
	Early postmenopausal women

(lumbar spine: T score > −2.5)
	12 months
	Compared with placebo, LAB treatment reduced the LS-BMD loss [89]



	Multispecies probiotic (Gerilact capsule)
	Clinical trials

(in vivo)
	Postmenopausal women with mild bone loss
	6 months
	Decreased BALP and CTX levels by multispecies probiotic supplementation in comparison with the control group [83]







BMD: bone mineral density; LS-BMD: lumbar spine bone mineral density; OCN: osteocalcin; VBMD: volumetric bone mineral density.
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Table 3. Evidence from animal experiments and human clinical trials of LAB treatment for improving mental symptoms.
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	Symptoms
	Bacterial Strains
	Subjects
	Therapeutic Effects





	Stress-related symptoms: anxiety, fatigue,

sleep disturbance
	L. gasseri CP2305
	Healthy young adults
	Reduced anxiety and fatigue and improved sleep quality, including shortened sleep latency and increased sleep duration [117]



	Stress-related symptoms: anxiety, depression,

sleep disturbance;

Parkinson’s disease (PD); Alzheimer’s disease (AD)
	Lpb. plantarum PS128TM
	IT specialists

PD patients

AD mice
	1. Apparently improved job and life satisfaction among IT specialists [118]

2. Lpb. plantarum PS128TM supplementation while continuously taking antiparkinsonian medicines could improve the motor ability of PD patients, inhibit the development of the disease, and improve the quality of life [119]

3. Effectively prevented damage in 3 × Tg-AD mice by ventricular injection of streptozotocin [120]



	Depression disorder;

Alzheimer’s disease
	B. breve CCFM1025
	Major depressive disorder patients

AD mice
	1. Significantly alleviated the psychiatric and gastrointestinal disorders of major depression disorder patients [121]

2. Significant improvement in cognitive impairment and neuroinflammation [122]







AD: Alzheimer’s disease; B. breve: Bifidobacterium breve; PD: Parkinson’s disease.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  nutrients-14-04466


  
    		
      nutrients-14-04466
    


  




  





media/file3.png
Vaginal environment

h 4

Before Lactobacilli adherence

pH>4.5

 Candida

. Atopobium
Streptococcus v

After Lactobacilli adherence

pH~4

* Lactic acid
4+ Antibiotics
< Hydrogen peroxide

© Bacteriocins

‘\






media/file1.png
Bowel lumen

IL10
6 IFN-y

[Treg cell e

Mg?f
Ca?*

08 o
scras |

Macrophage

TNF-a
IL-1B

|

|

-——----8-

X

osteoclasts

—
—

osteoblasts

Strengthen barrier





media/file0.jpg
Bowel lumen

osteoclasts

T—)
—

osteoblasts

Strengthen barrier





media/file2.jpg
Vaginal environment

\

Before Lactobacilli adherence After Lactobacilli adherence
pH>4.5
i
i
—
8 coin + Anibores
@ roium
© yirogen parorico
S + Bacteriocins.
i






