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SUMMARY

This review investigated the impact of probiotics during the menopause transition and explored their
potential to enhance the effectiveness of estrogenic substances in perimenopausal or recently post-
menopausal women.

A thorough literature search of EMBASE, MEDLINE, Cochrane Library, Scopus, and Web of Science was
conducted, identifying 39 studies involving 3187 women. Quality assessments were conducted using the
relevant Cochrane Risk of Bias tools.

The results demonstrated that probiotics had positive effects on menopausal symptoms, urogenital
health, bone health, and the efficacy and safety of estriol and isoflavones. Meta analysis of 7 studies
comparing probiotics versus placebo demonstrated large effects of probiotics on menopausal symptoms
(total score) [standardized mean difference (SMD) = 0.82, 95 % CI -0.52 to —1.09], vasomotor symptoms
(SMD = —-0.96, 95 % CI -1.25 to —0.68), psychological symptoms (SMD = —0.51, 95 % CI -0.95 to —0.08),
vaginal dryness (SMD = 0.95, 95 % CI -1.40 to —0.49), and vaginal microbiome health (Nugent score)
(SMD = —0.91, 95 % CI -1.32 to —0.49). Meta-analysis results were nonsignificant for reducing somatic
and sexual symptoms.

Probiotics hold promise in addressing symptoms related to low estrogen levels and may enhance the
effects of estriol and isoflavones, offering potential benefits as part of the management of menopausal
women. It's important to note that the included studies had a high risk of bias, emphasising the need for
further rigorous research in this area. Should findings continue to show promise, clinicians should
consider incorporating probiotics into their strategies for managing menopausal symptoms.
Systematic Review Registration Number: CRD42019146270.
© 2025 The Authors. Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and

Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).

Practice Points:

e Findings suggest that probiotics can be beneficial option treatments.
for women during the menopause transition by reducing e Findings are limited by high risks of bias and heteroge-
menopausal symptoms and improving cardiovascular,
urogenital, and bone health.
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e Some evidence indicated that probiotics may enhance the
effects of estriol and isoflavones, which may suggest
probiotics could be a beneficial adjunct to these

neity between included studies.

e |t is recommended that high quality studies be conducted
to rigorously evaluate the effects of probiotics on health
outcomes during menopause.

e Should beneficial outcomes persist probiotics may be an
ideal candidate for treatment or inclusion in existing
treatment regimens for menopause.
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1. Introduction

Recent studies have demonstrated the beneficial effects of
probiotics on osteoporosis [1], vaginal health [2], menopausal
symptoms [3], and biomarkers of cardiovascular disease [4]. Given
that these conditions are commonly associated with oestrogen
declines which occur during the menopause transition [5], this
suggests that probiotics can benefit peri- and postmenopausal
women.

The estrobolome, consisting of gut microbes involved in oes-
trogen metabolism, plays a crucial role in maintaining oestrogen
homeostasis [6]. An unhealthy gut microbiome can lead to im-
balances in circulating oestrogen levels, contributing to the
development of oestrogen related pathologies [6]. Menopausal
symptoms arise from both deficiencies and fluctuations in oes-
trogen and commonly include vasomotor symptoms (e.g. hot
flushes and night sweats), sleeping problems, mood changes, and
urogenital issues [3]. Therefore, therapies which target oestrogen
balance may reduce these types of symptoms.

While several studies have assessed the effects of probiotics on
menopausal symptoms, to date, no meta-analytic quantification of
the effects of probiotics on menopausal symptoms (such as hot
flushes and night sweats) have been presented [3].

Chen et al. suggested that combining Hormone Replacement
Therapy (HRT) with probiotics might enhance treatment outcomes
[7]. Long-term oestrogen supplementation was found to decrease
B-glucuronidase activity, which affects the half-life and efficacy of
HRT [7].

Probiotics with oestrogen reactivating properties can modulate
B-glucuronidase activity [8-11], leading to the hypothesis that
probiotics could increase HRT's half-life and reduce the required
dosage, thereby enhancing safety, particularly in women suscep-
tible to oestrogen-dependent cancers [7]. Additionally, probiotics
have been shown to enhance the estrogenic effects of isoflavones
[12], further supporting their potential as beneficial adjuvants [13].
Given that combining probiotics with estrogenic substances could
potentially enhance the effects of oestrogen, it is important to
evaluate the safety of this combination in relation to oestrogen-
related pathologies such as breast and endometrial cancer. These
findings suggest that probiotics may influence circulating oes-
trogen levels by optimizing the estrobolome's efficiency, pre-
senting a plausible mechanism for how probiotics could improve
health conditions known to be exacerbated in the oestrogen-
deficient state. In this systematic review, we aim to comprehen-
sively examine the effects of probiotics on peri- and post-
menopausal women. By analysing available evidence, including
potential interactions with HRT and isoflavones, this review will
provide valuable insights into the use of probiotics as a therapeutic
approach for managing menopausal symptoms and related health
conditions. The findings could have significant implications for
clinical practice and public health strategies aimed at improving
menopausal women's overall well-being and quality of life.

1.1. Objectives

The aim of this review was to evaluate whether probiotics
could improve health during the menopause transition in relation
to menopausal symptoms and cardiovascular, bone, and vaginal
health. Due to the lack of existing meta-analyses on this topic, this
review included a meta-analysis of seven studies which investi-
gated the effects of probiotics on menopausal symptoms versus
placebo. A secondary enquiry assessed whether probiotics could
enhance the efficacy and safety of estrogenic substances such as
HRT and isoflavones.
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2. Methods

This systematic review was reported according to PRISMA
guidelines and the Cochrane Handbook for Systematic Reviews of
Interventions [ 14]. The PROSPERO protocol provides further details
on the search strategy: https://www.crd.york.ac.uk/prospero/
display_record.php?RecordID=364811.

2.1. Inclusion criteria

Criteria for inclusion were perimenopausal or recently post-
menopausal participants, assessment of probiotics’ influence
(alone or combined with estrogenic substances such as HRT or
isoflavones), and measurement of health outcomes known to be
impacted by the menopause transition such as cardiovascular
health, urogenital health, bone health, and menopausal symptoms.
Perimenopause defines woman who are experiencing menopausal
symptoms and still having menstrual periods, recent postmeno-
pause defines women who are no longer menstruating and still
experiencing menopausal symptoms. Search terms focused on the
top 15 most commonly reported menopausal symptoms as
indexed by the British Menopause Society [15]: hot flushes, night
sweats, sleeping problems, weight gain, cognitive changes, mood
changes, vaginal dryness, painful sex, urinary changes, loss of li-
bido, low energy, joint aches, period changes, palpitations, and
headaches.

2.2. Exclusion criteria

Studies which do not assess the health impact of probiotics.
Studies assessing probiotics combined with nutraceuticals (e.g.,
calcium, vitamin D) without comparing the effect of probiotics
independently.

Conference abstracts and proceedings.

Studies focusing on populations who are not peri- or
postmenopausal.

Studies assessing older populations (70+ years), to target out-
comes that are relevant to the effects of the menopause tran-
sition, and populations who are still experiencing menopausal
symptoms.

2.3. Literature search

The following databases were searched: EMBASE, MEDLINE,
Cochrane Library, Scopus, Web of Science, and Google Scholar,
searches were updated in March 2023. Any studies which
measured the impact of oral or vaginal probiotics among a peri- or
postmenopausal population were included, ideal studies included
randomised controlled trials, however nonrandomised trials and
cross-sectional studies were also included to capture the breadth
of research conducted on this topic. English-language systematic
reviews were included if they summarised any studies which were
not captured by our systematic searches in cases where the orig-
inal articles met all eligibility criteria but were not translated into
English. Full-text screening, independently conducted by two au-
thors, reached an acceptable agreement level [16] after calibration
(Kappa statistic x = 0.692, p < 0.001). A PRISMA flowchart (Fig. 1)
displays study selection and exclusions.

2.3.1. Data extraction

Supplementary Table S1 includes all extracted data from
selected studies. Abstraction included the following data: Authors
(year), Country, Design, Sample size (mean age), Symptoms,
Menopausal status, Comorbidities, Sponsors, Type/species/strain,
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CFU content, Formulation, Details of probiotic administration and
dosage (i.e., oral/vaginal), Alongside other medications (i.e., HRT/
phytoestrogens), Assessment of health outcomes (how were
symptoms/health measured?), Main Results (what were the
findings?).

2.4. Data synthesis

Narrative synthesis was predominantly used as studies were
heterogenous in terms of health outcomes, probiotic formulations,
and populations. However, meta-analysis was conducted on
comparable RCT data where possible. The narrative synthesis
grouped studies thematically based on the outcomes assessed, and
studies are summarised in terms of risk of bias in relation to each
outcome. Outcomes are presented starting with higher quality
evidence (i.e., more studies with “Low” risks of bias) to lower
quality evidence (i.e., more studies with “High” risks of bias).

2.4.1. Quality evaluation

Risk of bias assessment used ROB-2 for Randomized Controlled
Trials (RCTs) and revised ROB-2 for crossover RCTs, ROBINS for
non-randomized studies, and ROBIS for review studies [17-19].

Heterogeneity among studies included in the meta-analysis
was assessed using I and Tau? tests. Publication bias was not
evaluated due to limited number of studies suitable for meta-
analysis [22].
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2.5. Statistical methods

Meta-analysis (RStudio version 2022.7.2.576) of comparable
studies with continuous data provided standardized mean differ-
ences and 95 % Cls for menopausal and vaginal symptom scores
post-placebo and post-probiotic treatment. Cohen's effect size
convention guided classifications: 0.20 = small effect size,
0.40 = medium effect size, and 0.60 = large effect size. Significance
was set at p < 0.05 [20,21]. Only data from RCTs were meta-
analysed. Seven studies described comparable study designs, and
menopause and vaginal symptom/health scores post-placebo and
post-probiotic treatment were compared, and the standardised
mean difference and 95 % confidence intervals (CIs) were
computed. Random-effects models were used to compensate for
variations within the selected studies. Heterogeneity was tested
using the I? value and Tau? tests of significance. The interpretation
of the observed I? value was determined by The Cochrane Hand-
book of Systematic Reviews [14] guidance which indicated that I?
<30 % was considered mild heterogeneity, I >30 % as moderate
heterogeneity, I* >50 % as substantial heterogeneity and I? >75 %
as considerable heterogeneity.

3. Results
3.1. Study characteristics

Searches returned 39 studies which met the eligibility criteria
and contributed data from 3187 participants (mean age = 55.7, age

e
Records identified: (n =7469)
- Records removed before screening:
£ Cochrane: (n=420) Duplicate records removed: (n =
g Embase: (n=1176) 949)
£ Medline: (n=445) > Records removed for other
5 Web of Science: (n=2761) reasons: (n = 1, study was
= Scopus: (n=2667) retracted, see Panetta et al.
2020)
S
)
Rec?;di75222<;ned: Records excluded: (n =7374)
)
&
=
§ Reports excluded: (n=56)
9
w 1 3 —
Reports assessed for eligibility: Wrong mterventlofl. (2_19)
(n=95) Wrong outcomes: (n=17)
Wrong study design: (n=12)
Wrong patient population: (n=8)
—
M \4
Studies included in review:
T (n =39)
<= . ! L
= Studies assessed via qualitative
<9 .
£ synthesis: (n=39)
Studies assessed via meta-analysis:
(n=7)

Fig. 1. PRISMA Flow Chart adapted from Page et al. [63].
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range = 45 to 65), 72 % were recently postmenopausal, 18 %
entered menopause due to medical treatment or surgery, and 10 %
were perimenopausal. Figure 1 outlines the study selection
process.

3.1.1. Outcomes

Table 1 summarises the outcomes in relation to key findings.
See supplementary file to view comprehensive details for each
included study. Eight studies evaluated the effects of probiotics on
menopausal symptoms [23-30]. Fifteen studies explored pro-
biotics and urogenital health including genitourinary syndrome of
menopause [31,32,34-36], bacterial vaginosis [37], urinary tract
infections [38,39], and vaginal atrophy [40-46]. Seven studies
examined the effects of probiotics on bone health [47-53] and 9
assessed cardiovascular risk factors [54-62].

3.1.2. Risk of bias assessment

As shown in Table 2, few studies were judged to have “Low”
risks of bias (N = 13, 33 %). Ten studies (26 %) had “Moderate” or
“Some Concerns” relating to risk of bias, and 16 (41 %) were
deemed to have “Critical” or “High” risks of bias.

3.1.3. Bone health

Four studies demonstrated that probiotics were superior to
placebo in preventing lumbar spine, total hip, vertebra, femoral
neck, and trochanter bone mineral density loss (BMD)
[47,48,50,52]. Jafarnejad et al. [49] and Zhao et al. [53] reported
that probiotics significantly reduced parameters relating to bone
turnover including serum parathyroid hormone, tumour necrosis
factor, and bone-specific alkaline phosphatase and C-telopeptide
levels [49,53]. Likewise, a study by Narva et al. [51] demonstrated
that L. helveticus fermented milk reduced serum parathyroid hor-
mone and increased serum calcium, compared to a control milk,
albeit this study was judged to have high risks of bias. The majority
of these studies were judged to have “Low” risks of bias
[48-50,52,53], one had “Some concerns” [47], and one was judged
to have “High” risks of bias [51].

3.1.4. Menopausal symptoms

Studies examining this outcome reported statistically signifi-
cant reductions in menopausal symptoms (total score) following
administration of probiotics [22-24,26,29,40], including specific
symptoms such as hot flushes [28] and facial wrinkles [27]. Pla-
cebo controlled RCTs, which were deemed to have low risks of bias,
demonstrated probiotics could significantly reduce menopausal
symptoms [24,26,29]. For example, Lim et al. [26] examined the
effects of L. acidophilus and demonstrated that menopausal
symptoms improved relative to placebo along with quality of life
in all four domains (i.e., physical, psychosocial, vasomotor, and
sexual). Moreover, this study did not report significant differences
in blood follicle-stimulating hormone, oestradiol levels or endo-
metrial thickness [26]. In terms of bias, three studies were judged
as having “Low” risks [24,26,29], two studies had “Some concerns”
[22,28], three had “High” risks of bias [23,27,40].

3.1.5. Cardiovascular risk factors

Barreto et al. [57] did not find evidence that L. plantarum use
resulted in beneficial changes to body composition, and Szy-
dtowska et al. [55] demonstrated that probiotics were no more
efficacious than a placebo in reducing body weight after 5 weeks.
However, Kaczmarczyk [54] and Szulinska et al. [59] reported that
probiotics were beneficial for reducing body weight and waist
circumference. Szulinska et al. [59] demonstrated that both high
(1 x 1010 CFU per day) and low (2.5 x 109 CFU per day) doses of
probiotics were associated with reduced waist, fat mass, and
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subcutaneous fat, although higher probiotic doses were associated
with greater benefits, suggesting dose-dependent effects.

Szulinska et al. [59] also demonstrated that probiotics could
reduce cholesterol as assessed via total and low-density lipopro-
tein. These results are in line with two other studies which also
found evidence that probiotics could reduce cholesterol [22,61].
Conversely, one study examined soy isoflavones -+ probiotics,
probiotics alone, isoflavones alone, and a control preparation, and
did not find evidence that probiotics could lower cholesterol levels
or enhance the effects of soy isoflavones [62].

A second analysis of the sample in Szulinska et al. [59] explored
functional and biochemical markers of vascular dysfunction [60].
This study demonstrated that, when compared with placebo,
probiotic supplementation for 12 weeks decreased metabolic risk
markers including systolic blood pressure, interleukin 6, and
tumour necrosis factor alpha [60]. Likewise, Barreto et al. [57]
found that L. plantarum fermented milk decreased glucose and
homocysteine levels. Skrypnik et al. [56] concluded that multi-
strain probiotic supplementation improved iron metabolism in
obese postmenopausal patients. In contrast, Brahe et al. [58]
investigated the effect of interventions with L. paracasei or a
prebiotic, flaxseed mucilage, on gut microbiota and metabolic risk
markers and did not find evidence that probiotics were more
efficacious than placebo or prebiotics in reducing insulin sensi-
tivity and glucose tolerance.

In terms of bias, the majority of these studies had “Some Con-
cerns” [22,55,58-60], two studies had “High” or “Critical” risks of
bias [61,62], and three studies were deemed to have “Low” bias
[54,56,57].

3.1.6. Vaginal health

Results favoured the effects of both vaginally and orally
administered probiotics on improved vaginal health outcomes,
including improvements in the vaginal microbiome, bacterial
vaginosis, and vaginal atrophy [32,37,40,42,44]. In three studies,
probiotics were also beneficial for reducing reoccurrences of uri-
nary tract conditions [35,39,40]. Conversely, Jongjakapun et al.
[38] and Beerepoot et al. [39] concluded that in postmenopausal
women with recurrent UTIs, probiotics were not superior to an-
tibiotics or placebo. However, all of these studies were judged to
have “High” or “Critical” risks of bias [32,37,40,42,44].

3.1.7. Probiotics combined with estriol

Most studies which examined the effects of combining intra-
vaginal estriol with L. acidophilus on urogenital conditions re-
ported positive findings relating to vaginal atrophy, sexual func-
tioning, and urinary symptoms [33-35,41,43,45]. However,
Jongjakapun et al. [38] did not demonstrate that this combination
was superior to placebo in reducing lower urinary tract symptoms.
Notably this study [38] was the only one which was deemed to
have “Low” risks of bias.

Two studies suggested that probiotics could enhance the effects
of estriol [35,41]. Capobianco et al. [35] found evidence that
combining 0.03 mg of estriol with L. acidophilus was more effi-
cacious than 1 mg of estriol alone in relieving urogenital atrophy,
stress incontinence, and UTIs. A clinical review [41] of estriol plus
L. acidophilus vaginal tablets reported two German language
studies which assessed the efficacy of this combination.

These studies each reported that vaginal 0.03 mg estriol com-
bined with L. acidophilus led to similar efficacy in relieving vul-
vovaginal symptoms compared to the 16-fold higher standard
dose of 0.5 mg estriol [64,65].

The safety of estriol + L. acidophilus was also evaluated among
postmenopausal breast cancer patients. Donders et al. [33] found
that low dose estriol + L. acidophilus led to transient increases in
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Table 1
Probiotic formulations and key outcomes.
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Reference(s) Probiotic formulation(s) Administration Outcomes Assessed Key Findings
Jahnsson L. paracasei & L. plantarum Oral e Bone mineral Probiotics protected against lumbar
et al. [48] density (BMD). spine bone loss in healthy, early
postmenopausal women.
Jafarnejad L. casei, Bifidobacterium (B.). longum, L. Oral e Bone mineral Consumption of a multispecies
et al. [49] acidophilus, L. rhamnosus, L. bulgaricus, B. density. probiotic supplement for 6 months had
breve, & S. thermophilus. e Biomarkers of significant effects on serum BALP, CTX,
bone health. PTH and TNF-a among postmenopausal
women with osteopenia; however,
effects were non-significant on bone
density compared to the control group.
Takimoto Bacillus subtilis Oral e Bone mineral When compared with a placebo, the
et al. [50] density. probiotic significantly increased total
e Gut microbiome hip BMD. There was a significant
Diversity. group-by-time interaction effect for
urinary type I collagen cross-linked N-
telopeptide (uNTXx), a marker of bone
resorption. The probiotic group
showed significantly lower uNTx when
compared with the placebo group at 12
weeks of treatment. The relative
abundance of genus Bifidobacterium
significantly increased at 12 weeks of
treatment compared with the baseline
in the probiotic group. The relative
abundance of genus Fusobacterium
was significantly decreased in the
probiotic group at 12 and 24 weeks of
treatment compared with the baseline.
Lambert et al. Proprietary culture of probiotic lactic acid Oral e Bone mineral Probiotic formulations attenuated BMD
[28,47] bacteria + isoflavones density. loss caused by oestrogen deficiency,
e Vasomotor improved bone turnover, promoted a
symptoms (VMS). favourable oestrogen metabolite

Narva et al. L. helveticus
[51]

Fermented milk

Szydtowska  B. bifidum, B. lactis, L. acidophilus, L. brevis, L. Oral

et al. [55] casei, L. salivarius & L. lactis
Szulinska
et al. [60]
Szulinska
et al. [59]
Skrypnik
et al. [56]
Kaczmarczyk
et al. [54]
Barreto et al. L. plantarum
[57]

Brahe et al. L. paracasei
[58]

Greany et al. L. acidophilus
[62] & B. longum + isoflavones

Fermented milk

Oral

Oral

Desfita et al. L. casei + soymilk + honey (Treatment group 1) Soymilk beverage

[61] L. plantarums+ Soymilkh+ Honey (Treatmegt

Group 2)
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profile, and stimulated equol
production in postmenopausal women
with osteopenia. Was more effective
and superior to placebo in reducing
physiological and self-reported VMS.

Calcium The results suggest that milk

metabolism. fermented with L. helveticus increased
serum calcium and reduced serum PTH
versus a control beverage, suggesting
the probiotic had beneficial effects on
calcium metabolism.

e Cardiovascular Probiotics were associated with
disease risk reduced waist circumference and body
markers. weight, and favourably modified

e Iron metabolism. functional and biochemical markers of

e Weight gain. vascular dysfunction in obese

postmenopausal women. Probiotics
also influenced iron metabolism in
obese postmenopausal patients with
obesity-related iron deficiency.

e Cardiovascular Fermented milk with L. plantarum
disease risk decreased two cardiovascular risk
markers. factors: Glucose and homocysteine

levels. These findings were obtained
without changes in body composition.

e Metabolic risk Intake of L. paracasei did not modulate
markers. metabolic markers compared with
placebo or flaxseed.
e Cholesterol Confirmed a beneficial effect of soy on

plasma cholesterol in mildly
hypercholesterolemic postmenopausal
women but did not support an
independent or additive effect of
particular probiotic bacteria.

e Random blood Fermented soymilk-honey with
glucose. Lactobacillus plantarum significantly
e Uric Acid. decreased osteocalcin levels. Soymilk-
e Cholesterol. honey with Lactobacillus casei subsp.
e Serum Osteocalcin casei significantly lowered cholesterol
levels. levels. No significant differences in

(continued on next page)
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Table 1 (continued )

Reference(s) Probiotic formulation(s) Administration Outcomes Assessed Key Findings

random blood glucose, uric acid,
cholesterol, and serum osteocalcin
levels were observed before and after
the intervention in the soymilk-only
group.

Tedeschi L. Assessed both oral and topical probiotic e Endometrial, The combination of oral and topical
et al. [46] sporogenes + isoflavones + calcium + vitamin formulations. breast, and liver ~ formulations was shown to be more
Colacurci D safety. effective than oral treatment alone in
et al. [23] e Menopausal reducing the symptoms of
symptoms. postmenopausal vaginal dystrophy.

e Vaginal dystrophy. Formulations were found to be safe for
endometrium and mammary tissue
and hepatic function at the
recommended daily dose.
Demonstrated effectiveness for
reducing menopausal symptoms.

Kano et al. B. breve & L. mali + soymilk Soymilk (Yakult) e Facial Wrinkles.  The probiotic group demonstrated
[27] e Bioavailability of significant improvements in the
isoflavones. maximum depth and average depth of
wrinkles, and significantly elevated
urinary isoflavones (daidzein,
genistein, and glycitein) compared
with the no-treatment control during
the consumption period.
Lim et al. [26] L. acidophilus Oral e Menopausal Kupperman index (KMI) scores
symptoms. revealed a ~66 % reduction after 12
e Menopause- weeks of probiotic treatment relative

Trimarco

B. breve + isoflavones (intervention period), B. Oral
et al. [22] breve onlc (Control period)

related Quality of
life

Menopausal
symptoms.

e Cholesterol.
e Blood Pressure.

to baseline levels, whereas a 37 %
reduction was observed in the placebo
group. Regarding specific symptoms,
probiotic treatment alleviated hot
flushes, paresthesia, nervousness,
melancholia, fatigue, arthralgia,
headache, heart palpitation,
formication, and vaginal dryness
according to KMI scores. Physical,
psychosocial, vasomotor, and sexual
symptoms showed significant
reductions via the menopause-specific
quality of life questionnaire (MENQOL),
relative to the placebo group.
Probiotics were associated with a
significant reduction in menopausal
symptoms in comparison to baseline
and the placebo period. Probiotics were
associated with a significant reduction
in triglycerides, total and low-density
lipoprotein cholesterol plasma levels,
and an increase in high-density
lipoprotein cholesterol plasma
concentration versus baseline and
versus placebo. During the intervention
period, there was a significant
reduction in diastolic blood pressure in
comparison to baseline, but not in
comparison to the placebo period.

Sawada et al. L. Gasseri Oral e Menopausal Analyses suggested that daily
[24] symptoms. administration of probiotics
e Hormone levels.  significantly improved psychological
and vasomotor menopausal symptoms,
with no effect on the follicular phase
levels of reproductive hormones
Yoshikata L. rhamnosus & L. plantarum Probiotic vaginal soap + probiotic e Menopausal Genitourinary symptoms significantly
et al. [40] vaginal cream (Treatment group 1), or symptoms. improved. Pathogenic flora population
probiotic vaginal gel + probiotic e Vaginal and significantly reduced in both
soap -+ probiotic cream (Treatment urinary symptoms. perimenopausal and postmenopausal
group 2). e Vaginal women. Menopausal symptoms were
microbiome significantly improved in
health. perimenopausal participants only.
Using probiotic vaginal gel, alongside
probiotic soap, and cream, was
associated with larger improvements.
Shafie et al. L. acidophilus & B. lactis Oral e Psychological Mean anxiety score, mean stress score,
[29] symptoms. and mean quality of life score in the
e Sleep Quality group receiving probiotic yogurt were
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Reference(s) Probiotic formulation(s)

Administration

Outcomes Assessed Key Findings

Parma et al. L. rhamnosus
[37]

Ribeiro et al. L. acidophilus, L. casei, L. lactis,
[31] B. bifidum & B. lactisi+ Isoflavones

Buchholz
et al. [43]
Donders et al.
[33]
Donders et al.
[34]
Mueck et al.
[41]
Capobianco
et al. [35]
Jaisamrarn
et al. [45]
Jongjakapun
et at. [38]

L. acidophilus + estriol

Kwak et al. L. Gasseri, L. fermentum & L. rhamnosus

[42]

Petricevic L. rhamnosus & L. reuteri
et al. [36]

Beerepoot
et al. [39]

Bisanz et al.

[44]

Marschalek L. crispatus, L. rhamnosus, L. jensenii & L.
et al. [32] gasseri + chemotherapy for breast cancer

Vaginal tablets

Oral

Vaginal Tablets.

Topical ointment

Oral ([35]; [38]).
Vaginal ([43]).

Oral
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significantly lower than those in the
placebo- control group. There were no
statistically significant differences
between groups in terms of mean
scores on measures of depression and
sleep quality.
Bacterial vaginosis Observed a population at high-risk of
(BV) reoccurrence recurrent BV receiving L. rhamnosus
for six months. Fifty-seven percent of
patients treated with probiotics did not
recur in the follow-up period, while
43 % presented with one or more
episodes of BV. Results demonstrated a
positive prevention efficacy with a
long-term maintenance treatment.
The vaginal health score improved in
the isoflavone and hormone therapy
groups. Probiotics improved the
metabolism of isoflavones after 16
weeks of treatment as indicated by an
increase in the content of daidzein,
glycitein, equol intermediate, and O-
DMA. However, the increase in the
levels of isoflavones and their
metabolites failed to yield an
estrogenic effect on the urogenital tract
and relieve the vulvovaginal
symptoms.
Urogenital and This combination led to improvements
sexual symptoms. in vaginal atrophy, urinary tract, and
Effects on the sexual symptoms, and improved
efficacy of Ultra-  vaginal microbiome health. Probiotics
low dose estriol.  enhanced the effects of ultra-low dose
estriol (0.03 mg) on urogenital
symptoms, showing similar efficacy to
higher doses (0.5 mg). Furthermore,
this formulation was not associated
with increases in serum E1 or E2 and
was found to be tolerable and safe
among postmenopausal breast cancer
patients on aromatase inhibitors.
However, was not more efficacious
versus placebo among women with
lower urinary tract symptoms.
Vaginal atrophy.  Vaginal atrophy symptoms were
Vaginal biome significantly reduced. Vaginal biome
health health was improved as demonstrated
by increased colonisation of probiotic
bacteria in the intervention group.
Vaginal Vaginal probiotic administration
microbiome resulted in a temporary increase in the
health. relative proportion of beneficial
Efficacy of Lactobacillus in the vagina. Oral
Probiotics on UTI  probiotics improved vaginal health (as
reoccurrence Rates assessed via Nugent scores) above that
versus antibiotics. of placebo. Oral probiotics also reduced
UTI symptoms, but not to a greater
extent than antibiotics; however,
unlike antibiotics, probiotics were not
associated with developing antibiotic
resistance.
Vaginal When analysing the difference
microbiome health between the Nugent score at baseline
(assessed via and after treatment among women in
Nugent score). the probiotic intervention group, this
study observed a mean reduction
of —1.3 at follow-up visit 1, and -0.57 at
follow-up visit 2. Women in the control
group presented with an increase in
Nugent score from baseline to follow-
up visit 1 by +0.45. At follow-up visit 2,
the smears of the women in the control
group revealed a significant increase
of +2.5. These findings suggest that

Genitourinary
syndrome of
menopause.

(continued on next page)
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Reference(s) Probiotic formulation(s) Administration

Outcomes Assessed Key Findings

Hanetal. [52] L. fermentum Oral

Zhao et al.
[53]

Bifdobacterium animalis subsp. Lactis + Ca and Oral
calcitriol

probiotic supplementation was
associated with a beneficial reduction
in Nugent scores indicating changes
towards normal vaginal microbiota
health (i.e., a Nugent score of 0-3).
mineral Femur neck BMD showed a significant
increase at 6 months post-trial in the
study group (P = 0.030) but not in the
control group. The control group
showed a decrease in osteocalcin (OC)
levels (P = 0.028), whereas the levels in
the study group were maintained
during the trial period. The change in L.
fermentum concentration was
significantly correlated with that in OC
levels (r =0.386, P = 0.047) in the study
group at 3 months post-trial.
No significant change was observed in
the bone mineral density of patients at
3 months. Co-administering Probio-M8
improved the bone metabolism,
reflected by an increased vitamin D3
level and decreased PTH and
procalcitonin levels in

e Bone
density.
e Osteocalcin levels.

o Effect of probiotics
as adjunctive
treatment for
postmenopausal
osteoporosis

L. = Lactobacillus.

B. = Bifidobacterium.

BMD = Bone Mineral Density.

0OC = Osteocalcin.

UTI = Urinary Tract Infection.

E1 = Estrone.

E2 = Oestradiol.

0O-DMA.

BV = Bacterial Vaginosis.

KMI = Kupperman Index.

MENQOL = Menopause-specific quality of life questionnaire.
VMS = Vasomotor Symptoms.

BALP = Serum bone-specific isoenzyme of alkaline phosphatase.
CTX = Serum cross-linked C-telopeptide of type I collagen.
PTH = Parathyroid hormone.

TNF-a = Tumour necrosis factor-a

uNTx = Urinary type I collagen cross-linked N-telopeptide.

serum estriol (E3), but not estrone (E1) or oestradiol (E2), relevant
as E1 and E2 can be a potential danger to women with breast
cancer. These findings suggest that, in contrast to the standard
dose of 0.5 mg estriol, 0.03 mg estriol + L. acidophilus neither
produces significant absorption nor triggers a relevant increase in
systemic oestrogen levels [41]. Notably, the majority of studies
exploring estriol and probiotics were nonrandomised, controlled
studies. Most of these studies had “High” or “Critical” risks of bias
[35,41,43,45], two had “Moderate” risks [33,34], and as stated only
one had “Low” risks of bias [38].

3.1.8. Probiotics combined with isoflavones

Studies which examined isoflavones combined with probiotics
demonstrated that this combination was efficacious for reducing
menopausal symptoms and enhancing bone and vaginal health.
For example, Trimarco et al. [22] demonstrated that the probiotic
strain B. breve combined with soy isoflavones led to greater im-
provements in menopausal symptoms than probiotics plus pla-
cebo alone. Likewise, Lambert [47] demonstrated that red clover
isoflavones combined with probiotics were associated with im-
provements in bone status and oestrogen metabolism.

However, Greany et al. [62] demonstrated that adding pro-
biotics to soy isoflavones did not significantly lower cholesterol
levels or enhance the effects of soy.

The safety of combining soy isoflavones with L. sporogenes was
demonstrated by Colacurci et al. [23] and Tedeschi et al. [46]. These
studies reported that mammographic density, endometrial
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thickness, and hepatic function did not show significant differ-
ences between treatment and placebo control groups, suggesting
that soy isoflavones plus probiotics did not negatively influence
these parameters [23,46]. Three of these studies were judged to
have “High” risks of bias [23,46,62], and the other two had “Some
Concerns” relating to risks of bias.

3.2. Meta-analysis

Seven RCTs were evaluated via quantitative synthesis
[24,26,28,29,32,36,42]. Of these studies four were judged to have
“Low” risks of bias [24,26,29,36], one had “Some Concerns” [28],
and two had “High” risks of bias [32,42]. These studies included
continuous data measuring the independent effects of probiotics,
versus a placebo control group, on menopausal symptoms (total
score), psychological symptoms, vasomotor symptoms, vaginal
symptoms, sexual symptoms, and vaginal biome health (as
assessed via Nugent scores). Six additional studies measured the
independent effects of probiotics versus placebo on menopausal
symptoms and vaginal health however were excluded from the
meta-analysis due to missing outcome data, or lacking placebo
control groups [22,23,40,44-46].

3.2.1. Probiotics & total menopausal symptom scores

A meta-analysis of 4 studies was conducted to quantify the
effects of probiotic supplementation relative to placebo
[24,26,28,29].
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Table 2
Risk of bias across all studies.
ROBINS-I
Study: Bias due to  Bias in selection of Bias in classification Bias due to deviations from Bias due to  Bias in Bias in selection of Overall
confounding participants into the of interventions intended interventions missing data measurement of the reported result
study outcomes

Buchholz Critical Low Moderate Low Low Moderate Low Critical
etal
[43]

Donders Low Low Moderate Moderate Low Low Low Moderate
etal
[33]

Donders Low Low Moderate Moderate Low Low Low Moderate
et al.
[34]

Desfita Serious Critical Moderate Low Moderate Low Low Critical
et al.
[61]

Barreto Low Low Low Low Low Low Low Low
et al.
[57]

Parma Critical Low Low Low Low Serious Critical Critical
etal
[37]

ROB-2 (crossover RCTs)

Study: Randomisation Risk of bias arising from Deviations from intended  Missing Measurement of the Selection of the Overall
process carryover effects interventions outcome data outcome reported result

Narvaetal. Low High Low Low Low Low High
[51]

Greany et al. Low Low Low Low High Low High
[62]

Trimarco Low Low Low Low Low Some concerns Some
et al. [22] concerns

Bisanz et al. Low Low Low High Low Low High
[44]

ROB-2 (other RCTs)

Study: Randomisation Deviations from intended Missing outcome  Measurement of the Selection of the reported  Overall
process interventions data outcome result
Takimoto et al. [50] Low Low Low Low Low Low
Marschalek et al. Some concerns Some concerns Low High Low High
[32]
Ribeiro et al. [31] High Low Low High Low High
Jaisamrarn et al. Low Low High Low Low High
[45]
Capobianco et al. Low Low Low High Some concerns High
[35]
Kaczmarczyk et al. Low Low Low Low Low Low
[54]
Skrypnik et al. [56] Low Low Low Low Low Low
Szulinska et al. [59] Low Low Low Low Some concerns Some
concerns
Szulinska et al. [60] Low Some concerns Low Low Some concerns Some
concerns
Brahe et al. [58] Some concerns Low Low Low Some concerns Some
concerns
Kano et al. [27] High Low Low Low Low High
Kwak et al. [42] Low Low Low High Some concerns High
Lim et al. [26] Low Low Low Low Low Low
Szydtowska et al.  Low Low Low Low Some concerns Some
[55] concerns
Sawada et al. [24]  Low Low Low Low Low Low
Beerepoot et al. [39] Some concerns Low Low Low Low Some
concerns
Yoshikata et al. [40] Some concerns Low High Low Low High
Colacurci et al. [23] Some concerns Some concerns High High Some concerns High
Jafarnejad et al. [49] Low Low Low Low Low Low
Jongjakapun et al.  Low Low Low Low Low Low
[38]
Han et al. [52] Low Low Low Low Low Low
Zhao et al. [53] Low Low Low Low Low Low
Jahnsson et al. [48] Low Low Low Low Low Low
Lambert et al. [28] Some concerns Low Low Low Low Some
concerns

(continued on next page)
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ROB-2 (other RCTs)

Study: Randomisation Deviations from intended Missing outcome Measurement of the Selection of the reported  Overall
process interventions data outcome result

Lambert et al. [47] Low Some concerns Low Low Low Some

concerns

Petricevic et al. [36] Low Low Low Low Low Low

Shafie et al. [29] Low Low Low Low Low Low

Tedeschi et al. [46] Some concerns Some concerns Low High Some concerns High

ROBIS

Study: Study eligibility criteria Identification & selection of studies Data collection & study appraisal Synthesis & findings Overall

Mueck et al. [41] High High High No information High

A shown in Fig. 2, the standardised mean difference for
menopausal symptom frequency suggested a large effect size
(—-0.63,95 % CI -0.26 to —0.99) and the difference was in favour of
probiotic use (Z = 3.36, p < 0.001). Heterogeneity was substantial
(12 = 55 %), albeit non-significant (Tau2 = 0.08, 95 % CI 0.00 to 1.9).

Heterogeneity was a result of the large standard deviations in
the study by Shafie et al. [29]. Removal of this study removed all
heterogeneity (I> = 0 %, Tau2 = 0.00 95 % CI 0.00; 0.74), this
amended analysis still suggested a large effect size (—0.82, 95 % CI
-0.52 to —1.09). Figure 2 shows the forest plot with the removal of
the Shafie et al. [29] study.

3.2.2. Probiotics & vasomotor symptoms

Sawada et al. [24], Lambert et al. [28], and Lim et al. [26] pro-
vided outcome data on vasomotor symptoms (VMS) subscales.
Figure 2 shows the standardised mean difference for VMS fre-
quency suggested a large effect size (—0.96, 95 % CI -1.25 to —0.68)
and the difference was in favour of probiotic use (Z = 6.54,
p < 0.001). Heterogeneity was absent (I = 0 %, Tau2 = 0.00, 95 % CI
0.00 to 1.72).

3.2.3. Probiotics & psychological symptoms

Sawada et al. [24], Lambert et al. [28], Shafie et al. [29], and Lim
et al. [26] provided outcome data on psychological symptoms of
menopause. Figure 2 shows the standardised mean difference for
psychological symptom frequency suggested a moderate effect
size (—0.51, 95 % CI -0.95 to 0.08) and the difference was in favour
of probiotic use (Z = 2.32, p = 0.02). Heterogeneity was substantial
(12 = 68 %, Tau2 = 0.13, 95 % C1 0.01 to 1.64).

3.2.4. Probiotics & vaginal health

Marschalek et al. [32] and Petricevic et al. [36] provided com-
plete outcome data on Nugent scores. Figure 2 shows the stand-
ardised mean difference suggested a large effect size (—0.91, 95 %
CI-1.32 to —0.49) and the difference was in favour of probiotic use
(Z = 4.29, p < 0.001). Heterogeneity was absent (I2 = 0 %,
Tau2 = 0.00).

3.2.5. Probiotics & vaginal dryness

Kwak et al. [42] and Lim et al. [26] examined the effects of
probiotics versus placebo on vaginal dryness. Figure 2 shows the
standardised mean difference suggested a large effect size (—0.95,
95 % CI-1.40 to —0.49) and the difference was in favour of probiotic
use (Z = 4.09, p < 0.001). Heterogeneity was absent (I2 = 0 %,
Tau2 = 0.00).

3.2.6. Probiotics & sexual symptoms
Sawada et al. [24] and Lim et al. [26] provided outcome data on
the effects of probiotics on sexual symptoms versus placebo.

Figure 2 shows this analysis suggested a non-significant effect
(—0.30 95 % CI -0.91 to 0.31) for probiotic use versus placebo on
sexual menopausal symptoms (Z = 0.97, p = 0.33). Moreover,
heterogeneity was substantial (I12 = 71 %, Tau2 = 0.138).

3.2.7. Probiotics & somatic symptoms

Sawada et al. [24], Lambert et al. [28], and Lim et al. [26] pro-
vided outcome data on somatic menopausal symptoms. Figure 2
shows this analysis showed a non-significant effect (—0.3195 % CI
-1.32 to 0.69) for probiotic use versus placebo on somatic meno-
pausal symptoms (Z = 0.61, p = 0.54).

Moreover, heterogeneity was substantial
Tau2 = 0.72, 95 % CI 0.15 to 31.33).

(2 = 92 %

4. Discussion
4.1. Main findings

This review provides evidence that probiotics could improve
health outcomes relating to menopausal symptoms, and cardio-
vascular, bone, and vaginal health during the menopause transi-
tion. Key benefits were related to reduced menopausal symptoms
and improved vaginal and bone health. Some evidence, albeit of
low quality, suggested that probiotics could safely enhance the
effects of estriol and isoflavones. Meta-analysis suggested large
effects favoring probiotics versus placebo in improving vaginal
biome health and reducing menopausal symptoms, with vaso-
motor symptoms, vaginal dryness and psychological symptoms
showing significantly greater improvements than placebo.

4.2. Interpretation

These outcomes might suggest that the estrobolome can be
harnessed to enhance health outcomes among peri- and post-
menopausal women [7,10]. Meta-analysis indicated that vaso-
motor and vaginal symptoms were reduced by probiotics to a large
effect. These symptoms are highly characteristic of estrogen defi-
ciency; therefore, probiotics may improve the efficiency of the
estrobolome in metabolizing estrogen to its unconjugated,
bioavailable form, thus increasing circulating estrogen levels and
therefore decreasing VMS and vaginal dryness [66].

This review also supports prior research which found evidence
that probiotics could improve bone health among postmenopausal
women. A meta-analysis by Yu et al. [2] demonstrated that pro-
biotic supplementation could improve bone mineral density.
Oestrogen deficiency is a risk factor for osteoporosis; therefore,
probiotics may support bone health by improving bioavailability of
exogenous and remaining endogenous estrogens.
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Total Menopausal Symptoms:
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Standardised Mean Weight Weight
Study Difference SMD 95%-Cl (common) (random)
Shafie et al. (2022) MENQOL —— -0.10 [-0.58; 0.38] 257%  25.4%
Lambert et al. (2017b) GCS —i— -0.75 [-1.28; -0.23] 21.7%  23.5%
Sawada et al. (2022) GCS —— -0.70 [-1.16; -0.25] 29.3%  26.9%
Lim et al. (2020) KMI = -0.97 [-1.48; -0.46] 23.2%  24.2%
Common effect model - -0.62 [-0.87; -0.38] 100.0% -
Random effects model _ -0.63 [-0.99; -0.26] - 100.0%
Heterogeneity: I? = 55%, t° = 0.0766, g = 0.08 I '
-1 -05 0 05 1
Total Menopausal Symptoms (with Shafie et al. omitted):
Standardised Mean Weight Weight
Study Difference SMD 95%-Cl (common) (random)
Lambert et al. (2017b) GCS ~—#&—— -0.75 [-1.28;-0.23] 29.3%  29.3%
Sawada et al. (2022) GCS — - -0.70 [-1.16;-0.25] 39.5% 39.5%
Lim et al. (2020) KMI — -0.97 [-1.48;-0.46] 31.2% 31.2%
i
Common effect model _ -0.80 [-1.09; -0.52] 100.0% -
Random effects model —— -0.80 [-1.09; -0.52] -~ 100.0%
Heterogeneity: #=0%, =0, p= 072 1 I !
-1 05 0 05 1
Vasomotor Symptoms:
Standardised Mean Weight Weight
Study Difference SMD 95%-Cl (common) (random)
Lambert et al. (2017b) GCS —-——4— -1.23 [-1.78; -0.67] 27.2% 27.2%
Sawada et al. (2022) GCS — -0.90 [-1.36; -0.44] 39.4% 39.4%
Lim et al. (2020) KMI — -0.83 [-1.33;-0.33] 33.4% 33.4%
i
Common effect model - -0.96 [-1.25; -0.68] 100.0% -
Random effects model - -0.96 [-1.25; -0.68] - 100.0%
Heterogeneity: = 0%, = 0,p 4054 T ' I 1
-15 -1 -05 0 05 1 15
Psychological Symptoms:
Standardised Mean Weight Weight
Study Difference SMD 95%-Cl (common) (random)
Shafie et al. (2022) DASS -—— -0.13 [-0.61; 0.36] 253%  25.2%
Lambert et al. (2017b) GCS ——— -0.97 [-1.51;-0.43] 20.5%  23.5%
Sawada et al. (2022) GCS e -0.16 [-0.60; 0.27] 30.7%  26.7%
Lim et al. (2020) MENQOL ~—&— -0.85 [-1.36; -0.35] 235%  24.6%
Common effect model <> -0.48 [-0.72; -0.24] 100.0% -
Random effects model —_ -0.51 [-0.95; -0.08] -~ 100.0%
Heterogeneity: 1% = 68%, v* = 0/1335) p = 0.02 o '
-5 -1 -05 0 05 1 15

Fig. 2. Forest plot showing the effect of probiotics versus placebo on menopausal symptoms.
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Somatic Symptoms:
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Standardised Mean Weight Weight
Study Difference SMD 95%-Cl (common) (random)
Lambert et al. (2017b) GCS A ——+&—— 072 [0.20; 1.25] 294%  33.0%
Sawada et al. (2022) GCS ———: -0.83 [-1.28;-0.37] 385%  33.7%
Lim et al. (2020) KMI — = -0.82 [-1.32;-0.32] 322%  33.3%
Common effect model _ -0.37 [-0.65;-0.09]  100.0% -
Random effects model e -0.31 [1.32; 0.69] -~ 100.0%
Heterogeneity: I* = 92%, v* = 0.7235, p < 0.01 ! I !
-1 05 0 05 1
Vaginal Biome Health:
Standardised Mean Weight Weight
Study Difference SMD 95%-Cl (common) (random)
Marschalek et al., (2017) —-°-— -0.83 [-1.62; -0.04] 27.6%  27.6%
Petricevicet al. (2008) — -0.94 [-1.43; -0.45] 72.4% 72.4%
Common effect model _ -0.91 [-1.32; -0.49] 100.0% ==
Random effects model _ -0.91 [-1.32; -0.49] -~ 100.0%
Heterogeneity: 1°=0%,+*=0,p=081' ' = T 1
-15 1 05 0 05 1 15
Vaginal Dryness:
Standardised Mean Weight Weight
Study Difference SMD 95%-Cl (common) (random)
Kwak et al., (2017) i -0.89 [-1.90; 0.12] 20.1% 20.1%
Lim et al. (2020) —— -0.96 [-1.47;-0.45] 79.9% 79.9%
Common effect model i -0.95 [-1.40; -0.49]  100.0% -
Random effects model —_ -0.95 [-1.40; -0.49] - 100.0%
Heterogeneity: 1% = 0%, ©*=0, p = 0.90 ' L
-15-1-050 05 1 15
Sexual Symptoms:
Standardised Mean Weight Weight

Study Difference

Sawada et al., (2022) GCS

Lim et al. (2020) MENQOL ——&&—i—

Common effect model
Random effects model

—_—

SMD 95%-Cl (common) (random)
0.00 [-0.44; 0.44] 55.7%  51.7%
-0.62 [-1.12;-0.13] 44.3%  48.3%
-0.28 [-0.60; 0.05] 100.0% -
-0.30 [-0.91; 0.31] -~ 100.0%

Heterogeneity: 1% = 71%, v = 0.1385, p = 0.06 '
1 05 0

0.5

1
1

Fig. 2. (continued).

Other evidence suggested that probiotics could enhance the
absorption of calcium and iron [51,56]. Therefore, another mech-
anism by which probiotics may improve health is by increasing
absorption of general health-promoting nutrients.
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Six studies found evidence that probiotics could enhance the
effects of estriol when applied vaginally and combined with pro-
biotics [33-35,41,43,45]. Ultra-low dose (0.03 mg) estriol when
combined with L. acidophilus was associated with a similar
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efficacy in reducing vulvovaginal symptoms to 0.5 mg estriol;
however, unlike the higher 0.5 mg dose, estriol plus L. acidophilus
neither produced significant absorption nor triggered a relevant
increase in systemic estrogen levels [40]. This supports preclinical
research by Chen et al. [7] which suggested that probiotic sup-
plementation could enhance the effects of exogenous estrogens,
without the need to increase the dosage, thus enhancing both the
safety and efficacy of HRT. Thus, vaginal estriol preparations
alongside probiotics may be a beneficial alternative treatment for
women with estrogen-sensitive cancers. Albeit one study which
explored estriol plus L. acidophilus did not report increased effi-
cacy relative to placebo in reducing lower urinary tract symptoms
[38]. Therefore, further research is needed to clarify the efficacy of
this combination.

Several studies suggested that mammographic density, endo-
metrial thickness, and hepatic function did not show significant
differences after supplementation with isoflavones plus probiotics
[23,46]. These findings suggest that probiotics combined with
estrogenic substances can alleviate symptoms resulting from es-
trogen deficiencies, without enhancing risks of pathologies
relating to excess estrogen levels. Furthermore, the majority of
studies examined probiotics without the addition of estriol and
isoflavones and improvements were found in vasomotor, psycho-
logical, and vaginal symptoms, as well as cardiovascular and bone
health. This suggests that the use of probiotics alone is associated
with beneficial effects.

Of all the studies evaluated, L. acidophilus was the most
frequently examined probiotic strain and was explored in 44 % of
the included studies. This strain was related to improvements in
menopausal symptoms, bone health, genitourinary symptoms,
and metabolic risk markers, and was shown to improve the effi-
cacy of estriol. Moreover, the beneficial effects of topical L. aci-
dophilus were demonstrated even at extremely low doses
(CFU = 10%). This might suggest that this strain is particularly
beneficial for improving the health of midlife women, therefore it
is recommended that future research explores this strain among
menopausal populations. Less frequently explored strains such as
L. plantarum and L. casei were also associated with improved
health outcomes, particularly in relation to bone health and
vaginal symptoms [31,40,48,61]. Therefore these strains may also
be particularly beneficial for symptoms which emerge during a
low-oestrogen state, including vasomotor symptoms, however
more studies investigating these strains are needed.

4.3. Safety & adverse effects

Probiotic interventions were generally well-tolerated across
studies, with no significant adverse effects reported in most trials.
For instance, studies examining bone health found no notable
safety concerns, even when reductions in bone turnover markers
were achieved [49,53]. Similarly, research into menopausal
symptom management demonstrated improvements in quality of
life without adverse effects, with no significant changes observed
in blood follicle-stimulating hormone, oestradiol levels, or endo-
metrial thickness [26]. Notably, in studies which used the highest
dosages of probiotics [22,58], gastrointestinal issues (which are
the most reported side effect of probiotics) and other adverse ef-
fects were not significantly increased in those using high dose
probiotics, exemplifying the safety profile of high-dose probiotics.
In vaginal health studies, probiotics combined with low-dose es-
triol were evaluated among postmenopausal breast cancer pa-
tients. While transient increases in serum estriol were observed,
systemic oestrogen levels remained within safe ranges, suggesting
minimal systemic absorption [33,41]. In interventions combining
probiotics with isoflavones, no adverse effects were observed on
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mammographic density, endometrial thickness, or hepatic func-
tion, further supporting their safety profile [23,46]. This suggests
that the estrobolome can be harnessed to improve health out-
comes without increasing risks of oestrogen dependent cancers,
however, to date no research has been conducted with has
investigated this hypothesis indicating a need for further research.
Overall, while some studies had methodological concerns
regarding bias, no substantial evidence emerged indicating safety
risks across the evaluated outcomes. These findings support prior
suggestions that probiotics are a safe and well-tolerated alterna-
tive therapy.

4.4. Strengths, limitations & future directions

A key strength of this review is that it enhances work con-
ducted by Sivamaruthi et al. [3] who conducted literature searches
using the keywords “probiotics” and “menopause” across Google
Scholar, Scopus, and PubMed. The present review used a wider
variety of key words and terms relating to probiotics, menopause,
and menopausal symptoms, and a wider range of databases.
Another strength is the inclusion of the first reported meta-
analysis quantifying the impact of probiotics on menopausal
health metrics, using high quality placebo-controlled studies.

A limitation is the low number of studies eligible for inclusion
in the meta-analysis, hence why assessments of publication bias
and meta-regressions identifying sources of heterogeneity could
not be conducted [14]. To enhance the precision of these outcomes,
there is a need for more RCT studies examining probiotics so this
analysis can be repeated in the future to further clarify these
outcomes.

Another limitation is that many studies were of poor quality. In
several cases studies did not fully report outcome values, and
therefore could not be included in meta-analyses
[22,23,40,44-46]. Moreover, many studies had clear conflicts of
interest. For example, five out of the seven studies exploring
estriol + L. acidophilus were commissioned by the same sponsors
(Medinova) who developed the estriol + L. acidophilus treatment
(Gynoflor; 43, 33, 34, 45, 41). Nonetheless, outcomes relating to
the effects of probiotics on reducing estrogen-related pathologies
were promising and suggest that probiotics may influence estro-
gen. Therefore, future research within the field of probiotics, HRT,
and menopause should focus on conducting high quality RCTs to
build upon these findings. This is especially pertinent to women at
risk of estrogen-dependent cancers, and other pathologies that
negate the use of higher doses of HRT, as probiotics may offer a
suitable remedy for menopausal symptoms and a potential
pathway to improve the efficacy of low-dose exogenous estrogens.
Another limitation was the high heterogeneity between studies in
terms of menopausal populations examined, probiotic prepara-
tions, types and CFU contents, and delivery alongside additional
substances. This was a likely outcome given that it was deemed
important to capture all research relating to probiotics and
menopausal health, and the vast number of available probiotic
species and strains, especially given that probiotics are generally
thought to be safe when combined with medications and other
nutritional preparations. Currently, comparative health effects of
probiotic strains, frequency, dosage and duration of probiotic
therapy are not well established [67]. However, there is evidence
that higher dosages of probiotics are associated with greater im-
provements in metabolic risk markers than lower dosages [59],
which might suggest that higher probiotic CFU contents are more
likely to result in greater improvements in menopause-specific
health outcomes. Regardless of the variability between studies,
most findings indicated that probiotics could lead to benefits, with
all but three included studies [38,58,62] finding statistically
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significant beneficial effects. Thus, further research should delve
deeper into these findings and aim to conduct high quality RCTs,
with clear parameters in terms of probiotic type and dosage, to
identify the ideal formulations needed to effectively enhance
health during the menopause transition.

5. Conclusions

This review found evidence that probiotics could lead to im-
provements in menopausal symptoms, cardiovascular, vaginal and
bone health, and enhancing the effects of low dose estriol and
isoflavones. Findings are limited by the high risks of bias relating to
the studies included here, and the high heterogeneity between
studies in relation to the menopausal populations and in-
terventions being explored. It is recommended that future
research should aim to establish and quantify the ideal probiotic
dosages needed to achieve the most benefits among menopausal
women. Additionally, comprehensive analyses of specific probiotic
strains are needed to identify the most effective types and com-
binations for maximising these benefits. Should findings continue
to show benefits, probiotics should be considered an alternative or
complementary treatment for women experiencing menopausal
symptoms, or for women with contraindications for using high-
dose HRT formulations. Based on the available evidence, pro-
biotics show promise as a potential intervention for improving the
health and well-being of menopausal women. Probiotics demon-
strate potential clinical significance for reducing menopausal
symptoms and increasing bone health. However, higher-quality
trials are needed to confirm the clinical significance of cardiovas-
cular and vaginal health outcomes. Probiotics combined with
other therapies (e.g., estriol or isoflavones) may offer enhanced
benefits. Should more high-quality studies demonstrating benefits
emerge, clinical practice guidelines can be updated to incorporate
probiotics as a potential adjunct therapy for managing meno-
pausal symptoms and promoting overall health during the
menopause transition.

Author contribution statement

RA prepared the manuscript and devised the study design and
hypotheses and conducted the meta-analysis. RA & HR conducted
the searches, study extractions, and quality assessments. AL con-
sulted on the statistical analyses. EJK, AL, HR, RT and KB revised
and reviewed the manuscript. KB contributed to the study design
and hypotheses and revised and reviewed the manuscript.

Ethical approval

Ethical approval was not required, as this is a systematic review
of published studies.

Industry funded research

This study was sponsored by industry (Health & Her). Health &
Her was involved in the study design, execution, analysis, and
interpretation of these findings. The involvement of Health & Her
funding was transparent, acknowledged, and appropriately
recognized throughout all stages of design, implementation, and
reporting. Project design, implementation, analysis, and interpre-
tation had been performed with efforts to maximize academic
independence in each of these areas through the engagement of an
academic co-author who does not have financial ties to Health &
Her. All raw data (e.g. study extraction tables, meta-analyses cal-
culations, and quality assessment check lists) will be made avail-
able to interested scientists if requested.

254

Clinical Nutrition ESPEN 69 (2025) 241-256
Declaration of competing interest

RA, HR, AL, and RT are engaged with Health & Her on a
contractual or employment basis. KB is the CEO and co-founder of
Health & Her. EJK has no financial conflicts of interest to declare
but collaborates with Health & Her on an externally grant funded
research project.

Acknowledgements

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.clnesp.2025.07.009.

References

[1] Mei Z, Li D. The role of probiotics in vaginal health. Front Cell Infect Microbiol
[Internet] 2022 Jul 28;12:963868 [cited 2022 Dec 20];Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC9366906/.

Yu], Cao G, Yuan S, Luo C, Yu ], Cai M. Probiotic supplements and bone health
in postmenopausal women: a meta-analysis of randomised controlled trials.
BM] Open 2021;11(3).

Sivamaruthi BS, Kesika P, Chaiyasut C. Influence of probiotic supplementation
on climacteric symptoms in menopausal women-A mini review. Int ] Appl
Pharmaceut [Internet] 2018;10(6):43-6. Available from: https://www.
scopus.com/inward/record.uri?eid=2-s2.0-85057559993&amp;doi=10.
22159%2fijap.2018v10i6.29156&amp;partnerID=40&amp;
md5=f2bde1a3192ff10525b76b7e564a5392.

Thushara RM, Gangadaran S, Solati Z, Moghadasian MH. Cardiovascular
benefits of probiotics: a review of experimental and clinical studies. Food
Funct 2016 Feb;7(2):632-42.

Nair AR, Pillai AJ, Nair N. Cardiovascular changes in menopause. Curr Cardiol
Rev [Internet] 2021 Jul 20;17(4):e230421187681 [cited 2022 Dec 20];
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8762155/.
Baker J, Al-Nakkash L, Herbst-Kralovetz M. Estrogen gut microbiome axis:
physiological and clinical implications. Maturitas 2017 Sep;103:45-53.
Chen KLA, Liu X, Zhao YC, Hieronymi K, Rossi G, Auvil LS, et al. Long-term
administration of conjugated estrogen and bazedoxifene decreased murine
fecal pGlucuronidase activity without impacting overall microbiome com-
munity. Sci Rep [Internet] 2018 Dec;8(1):8166 [cited 2022 Jun 6]; Available
from: http://www.nature.com/articles/s41598-018-26506-1.

Flores R, Shi J, Fuhrman B, Xu X, Veenstra TD, Gail MH, et al. Fecal microbial
determinants of fecal and systemic estrogens and estrogen metabolites: a
cross-sectional study. ] Transl Med 2012;10(1). Available from: https://www.
embase.com/search/results?subaction=viewrecord&amp;
id=L52368864&amp;from=export.

Sui Y, Wu J, Chen J. The role of gut microbial p-Glucuronidase in estrogen
reactivation and breast cancer. Front Cell Dev Biol [Internet] 2021 Aug 12;9:
631552 [cited 2023 Mar 22];Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC8388929/.

Chen Q, Wang H, Wang G, Zhao ], Chen H, Lu X, et al. Lactic acid bacteria: a
promising tool for menopausal health management in women. Nutrients
2022 Jan;14(21):4466 [cited 2023 Mar 22]; Available from: https://www.
mdpi.com/2072-6643/14/21/4466.

Kwa M, Plottel CS, Blaser MJ, Adams S. The intestinal microbiome and es-
trogen receptor-positive female breast cancer. ] Natl Cancer Inst [Internet]
2016 Apr 22;108(8). https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5017946/.

Simpson EE, Furlong ON, Parr HJ, Hodge SJ, Slevin MM, McSorley EM, et al.
The effect of a randomized 12-week soy drink intervention on everyday
mood in postmenopausal women. Menopause 2019;26(8):867-73.

Bulsara J, Soni A, Patil P, Halpati K, Desai S, Acharya S. Bio-enhancement of
soy isoflavones (genistein & daidzein) using Bacillus coagulans in letrozole
induced polycystic ovarian syndrome by regulating endocrine hormones in
rats. Probiotics Antimicrob Proteins 2022 Jun;14(3):560-72.

Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page M], et al. Cochrane
handbook for systematic reviews of interventions. John Wiley & Sons; 2019.
The British Menopause Society. Women's experience of menopause in Great
Britain survey. 2016. Available from: https://www.menopause.org.au/hp/
news/are-womensuffering-in-silence-uk-survey.

Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics 1977 Mar;33(1):159-74 [Internet]. 1977/03/01 ed. Available
from: https://www.ncbi.nlm.nih.gov/pubmed/843571.

Sterne JA, Savovic ], Page M], Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a
revised tool for assessing risk of bias in randomised trials. Br Med ] 2019;366.

2

3

[4

(5

(6

[7

(8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]


https://doi.org/10.1016/j.clnesp.2025.07.009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9366906/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9366906/
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref2
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref2
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref2
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85057559993&amp;doi=10.22159%2fijap.2018v10i6.29156&amp;partnerID=40&amp;md5=f2bde1a3192ff10525b76b7e564a5392
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85057559993&amp;doi=10.22159%2fijap.2018v10i6.29156&amp;partnerID=40&amp;md5=f2bde1a3192ff10525b76b7e564a5392
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85057559993&amp;doi=10.22159%2fijap.2018v10i6.29156&amp;partnerID=40&amp;md5=f2bde1a3192ff10525b76b7e564a5392
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85057559993&amp;doi=10.22159%2fijap.2018v10i6.29156&amp;partnerID=40&amp;md5=f2bde1a3192ff10525b76b7e564a5392
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref4
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref4
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8762155/
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref6
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref6
http://www.nature.com/articles/s41598-018-26506-1
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L52368864&amp;from=export
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L52368864&amp;from=export
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L52368864&amp;from=export
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8388929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8388929/
https://www.mdpi.com/2072-6643/14/21/4466
https://www.mdpi.com/2072-6643/14/21/4466
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5017946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5017946/
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref12
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref12
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref12
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref13
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref13
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref13
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref13
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref14
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref14
https://www.menopause.org.au/hp/news/are-womensuffering-in-silence-uk-survey
https://www.menopause.org.au/hp/news/are-womensuffering-in-silence-uk-survey
https://www.ncbi.nlm.nih.gov/pubmed/843571
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref17
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref17

R.A.FE. Andrews, A. Lacey, H. Roach et al.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Sterne JA, Hernan MA, Reeves BC, Savovic¢ ], Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. Br Med J 2016;355.

Whiting P, Savovic ], Higgins JP, Caldwell DM, Reeves BC, Shea B, et al. ROBIS:
a new tool to assess risk of bias in systematic reviews was developed. ] Clin
Epidemiol 2016;69:225-34.

Team Rs. RStudio: integrated development for R. RStudio, Inc 2015;42(14):
84. Boston, MA, https://www.rstudio.com.

Cohen ]. The statistical power of abnormal-social psychological research: a
review. ] Abnorm Soc Psychol 1962 Sep;65(3):145-53 [Internet]. 1962/09/01
ed. Available from: https://www.ncbi.nlm.nih.gov/pubmed/13880271.

Lau ], loannidis JP, Terrin N, Schmid CH, Olkin I. The case of the misleading
funnel plot. Br Med ] 2006;333(7568):597-600.

Trimarco V, Rozza F, 1zzo R, de Leo V, Cappelli V, Riccardi C, et al. Effects of a
new combination of nutraceuticals on postmenopausal symptoms and
metabolic profile: a crossover, randomized, double-blind trial. Int ] Women'’s
Health  [Internet] 2016;8:581-7. Available from: https://www.
cochranelibrary.com/central/doi/10.1002/central/CN-01308498/full.
Colacurci N, De Franciscis P, Atlante M, Mancino P, Monti M, Volpini G, et al.
Endometrial, breast and liver safety of soy isoflavones plus Lactobacillus
sporogenes in post-menopausal women. Gynecol Endocrinol [Internet]
2013;29(3):209-12. Available from: https://www.cochranelibrary.com/
central/doi/10.1002/central/CN00859096/full.

Sawada D, Sugawara T, Hirota T, Nakamura Y. Effects of Lactobacillus gasseri
CP2305 on mild menopausal symptoms in middle-aged women. Nutrients
[Internet] 2022;14(9). Available from: https://www.cochranelibrary.com/
central/doi/10.1002/central/CN-02397311/full.

Yoshikata R, Yamaguchi M, Mase Y, Tatsuyuki A, Myint KZ, Ohta H. Evalua-
tion of the efficacy of lactobacillus-containing feminine hygiene products on
vaginal microbiome and genitourinary symptoms in pre- and post-
menopausal women: A pilot randomized controlled trial [Internet]. PLoS One
2022;17(12):e0270242. Available from: https://pmc.ncbi.nlm.nih.gov/
articles/PMC9803311/.

Lim EY, Lee SY, Shin HS, Lee ], Nam YD, Lee DO, et al. The effect of Lacto-
bacillus acidophilus YT1 (MENOLACTO) on improving menopausal symp-
toms: a randomized, double-blinded, placebo-controlled clinical trial. JCM
[Internet] 2020 Jul 9;9(7):2173 [cited 2022 Jun 6]; Available from: https://
www.mdpi.com/20770383/9/7/2173.

Kano M, Haga K, Miyazaki K, Ishikawa F. Daily consumption of fermented
soymilk helps to improve facial wrinkles in healthy postmenopausal women
in a randomized, parallel-group, open-label trial. FUNCTIONAL FOODS IN
HEALTH AND DISEASE 2018 Feb;8(2).

Lambert M, Thorup A, Hansen E, Jeppesen P. Combined red clover isoflavones
and probiotics potently reduce menopausal vasomotor symptoms. PloS one
[Internet] 2017;12(6):e0176590. Available from: https://www.
cochranelibrary.com/central/doi/10.1002/central/CN-01410343/full.

Shafie M, Homayouni Rad A, Mirghafourvand M. Effects of prebiotic-rich
yogurt on menopausal symptoms and metabolic indices in menopausal
women: a triple-blind randomised controlled trial. Int ] Food Sci Nutr
[Internet] 2022;1-12. Available from: https://www.cochranelibrary.com/
central/doi/10.1002/central/CN-02386666/full.

Ribeiro AE, Monteiro NES, Moraes AVG de, Costa-Paiva LH, Pedro AO. Can the
use of probiotics in association with isoflavone improve the symptoms of
genitourinary syndrome of menopause? Results from a randomized
controlled trial. Menopause 2019 Jun;26(6):643-52 [cited 2022 Jun 6];
Available from: https://journals.lww.com/00042192-201906000-00012.
Marschalek J, Farr A, Marschalek M, Domig K, Kneifel W, Singer C, et al. In-
fluence of orally administered probiotic lactobacillus strains on vaginal
microbiota in women with breast cancer during chemotherapy: a random-
ized placebo-controlled DoubleBlinded pilot study. Breast Care 2017;12(5):
335-9.

Donders G, Neven P, Moegele M, Lintermans A, Bellen G, Prasauskas V, et al.
Ultralow-dose estriol and Lactobacillus acidophilus vaginal tablets (Gyno-
flor®) for vaginal atrophy in postmenopausal breast cancer patients on
aromatase inhibitors: pharmacokinetic, safety, and efficacy phase i clinical
study. Breast Cancer Res Treat [Internet] 2014;145(2):371-9. Available from:
https://www.embase.com/search/results?subaction=viewrecord&amp;
id=L53098455&amp;from=export.

Donders G, Bellen G, Neven P, Grob P, Prasauskas V, Buchholz S, et al. Effect of
ultralow-dose estriol and lactobacilli vaginal tablets (Gynoflor®) on inflam-
matory and infectious markers of the vaginal ecosystem in postmenopausal
women with breast cancer on aromatase inhibitors. Eur J Clin Microbiol
Infect Dis [Internet] 2015;34(10):2023-8. Available from: https://www.
scopus.com/inward/record.uri?eid=2-5s2.084941415765&amp;doi=10.
1007%2fs10096-015-2447-1&amp;partnerID=40&amp;
md5=24fedc421314ce939ff2b3adea9ced05.

Capobianco G, Wenger ], Meloni G, Dessole M, Cherchi P, Dessole S. Triple
therapy with Lactobacilli acidophili, estriol plus pelvic floor rehabilitation for
symptoms of urogenital aging in postmenopausal women. Arch Gynecol Obst
[Internet] 2014;289(3):601-8. Available from: https://www.cochranelibrary.
com/central/doi/10.1002/central/CN-00981870/full.

Petricevic L, Unger F, Viernstein H, Kiss H. Randomized, double-blind, pla-
cebocontrolled study of oral lactobacilli to improve the vaginal flora of
postmenopausal women. Eur ] Obstet Gynecol Reprod Biol [Internet]

(37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Clinical Nutrition ESPEN 69 (2025) 241-256

2008;141(1):54-7. Available from: https://www.cochranelibrary.com/
central/doi/10.1002/central/CN-00685970/full.

Parma M, Dindelli M, Caputo L, Redaelli A, Quaranta L, Candiani M. The role of
vaginal Lactobacillus rhamnosus (Normogin®) in preventing bacterial vagi-
nosis in women with history of recurrences, undergoing surgical menopause:
a prospective pilot study. Eur Rev Med Pharmacol Sci [Internet] 2013;17(10):
1399-403. Available from: https://www.embase.com/search/results?
subaction=viewrecord&amp;id=L369050885&amp;from=export.
Jongjakapun A, Somboonporn W, Temtanakitpaisan T. Effectiveness of
vaginal estriol with lactobacilli on urinary symptoms in postmenopausal
women: a randomizedcontrolled trial. Menopause (New York, NY) [Internet]
2023;30(4):441-6. Available from: https://www.cochranelibrary.com/
central/doi/10.1002/central/CN-02522372/full.

Beerepoot M, ter Riet G, Nys S, van der Wal W, de Borgie C, de Reijke T, et al.
Lactobacilli vs antibiotics to prevent urinary tract infections: a randomized,
double-blind, noninferiority trial in postmenopausal women. Arch Int Med
[Internet] 2012;172(9):704-12. Available from: https://www.
cochranelibrary.com/central/doi/10.1002/central/CN-00848473/full.
Yoshikata R, Yamaguchi M, Mase Y, Tatsuyuki A, Myint K, Ohta H. Evaluation
of the efficacy of lactobacillus-containing feminine hygiene products on
vaginal microbiome and genitourinary symptoms in pre- and post-
menopausal women: a pilot randomized controlled trial. PloS one [Internet]
2022;17(12):e0270242. Available from: https://www.cochranelibrary.com/
central/doi/10.1002/central/CN-02510472/full.

Mueck A, Ruan X, Prasauskas V, Grob P, Ortmann O. Treatment of vaginal
atrophy with estriol and lactobacilli combination: a clinical review. Climac-
teric 2018;21(2):140-7.

Kwak YK, Daroczy K, Colque P, Kuhn I, Mollby R, Kopp Kallner H. Persistence
of lactobacilli in postmenopausal women - a double-blind, randomized, pilot
study. Gynecol Obst Invest [Internet] 2017;82(2):144-50. Available from:
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-
01367406/full.

Buchholz S, Mogele M, Lintermans A, Bellen G, Prasauskas V, Ortmann O,
et al. Vaginal estriol-lactobacilli combination and quality of life in endocrine-
treated breast cancer. Climacteric [Internet] 2015;18(2):252-9. Available
from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-84924655961
&doi=10.3109%2f13697137.2014.991301&amp;partnerID=40&amp;
md5=8103abd1393c6fbdc1854277563¢7430.

Bisanz J, Seney S, McMillan A, Vongsa R, Koenig D, Wong L, et al. A systems
biology approach investigating the effect of probiotics on the vaginal
microbiome and host responses in a double blind, placebo-controlled clinical
trial of post-menopausal women. PloS one [Internet] 2014;9(8). Available
from: https://www.cochranelibrary.com/central/doi/10.1002/central/CN-
01041769/full.

Jaisamrarn U, Triratanachat S, Chaikittisilpa S, Grob P, Prasauskas V,
Taechakraichana N. Ultra-low-dose estriol and lactobacilli in the local
treatment of postmenopausal vaginal atrophy. Climacteric 2013 Jun;16(3):
347-55.

Tedeschi C, Benvenuti C. Comparison of vaginal gel isoflavones versus no
topical treatment in vaginal dystrophy: results of a preliminary prospective
study. Gynecol Endocrinol [Internet] 2012;28(8):652-4. Available from:
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-
00881257/full.

Lambert MNT, Thybo CB, Lykkeboe S, Rasmussen LM, Frette X,
Christensen LP, et al. Combined bioavailable isoflavones and probiotics
improve bone status and estrogen metabolism in postmenopausal osteo-
penic women: a randomized controlled trial. Am ] Clin Nutr [Internet]
2017;106(3):909-20. Available from: https://www.embase.com/search/
results?subaction=viewrecord&amp;id=L618161680&amp;from=export.
Jansson PA, Curiac D, Lazou Ahren I, Hansson F, Martinsson Niskanen T,
Sjogren K, et al. Probiotic treatment using a mix of three lactobacillus strains
for lumbar spine bone loss in postmenopausal women: a randomised,
double-blind, placebo-controlled, multicentre trial. The lancet rheumatology
[Internet] 2019;1(3):e154-62. Available from: https://www.cochranelibrary.
com/central/doi/10.1002/central/CN-02085904/full.

Jafarnejad S, Djafarian K, Fazeli MR, Yekaninejad MS, Rostamian A,
Keshavarz SA. Effects of a multispecies probiotic supplement on bone health
in osteopenic postmenopausal women: a randomized, double-blind,
controlled trial. ] Am Coll Nutr [Internet] 2017 Oct 3;36(7):497-506.
https://doi.org/10.1080/07315724.2017.1318724 [cited 2022 Jun 6].
Takimoto T, Hatanaka M, Hoshino T, Takara T, Tanaka K, Shimizu A, et al.
Effect of Bacillus subtilis C-3102 on bone mineral density in healthy post-
menopausal Japanese women: a randomized, placebo-controlled, double-
blind clinical trial. Biosci Microbiota Food Health 2018;37(4):87-96.

Narva M, Nevala R, Poussa T, Korpela R. The effect of Lactobacillus helveticus
fermented milk on acute changes in calcium metabolism in postmenopausal
women. Eur ] Nutr [Internet] 2004;43(2):61-8. Available from: https://www.
cochranelibrary.com/central/doi/10.1002/central/CN-00489322/full.

Han HS, Kim ]G, Choi YH, Lee KM, Kwon TH, Kim SH. Effect of Lactobacillus
fermentum as a probiotic agent on bone health in postmenopausal women.
] Bone Metabol [Internet] 2022;29(4):225-33. Available from: https://www.
scopus.com/inward/record.uri?eid=2-s2.0-85147035834&amp;doi=10.
11005%2fjbm.2022.29.4.225&amp;partnerID=40&amp;md5=fe5783bbc31.
943db35722539cfeedc44.


http://refhub.elsevier.com/S2405-4577(25)01763-2/sref18
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref18
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref18
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref19
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref19
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref19
https://www.rstudio.com
https://www.ncbi.nlm.nih.gov/pubmed/13880271
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref22
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref22
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01308498/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01308498/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN00859096/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN00859096/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02397311/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02397311/full
https://pmc.ncbi.nlm.nih.gov/articles/PMC9803311/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9803311/
https://www.mdpi.com/20770383/9/7/2173
https://www.mdpi.com/20770383/9/7/2173
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref28
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref28
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref28
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref28
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01410343/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01410343/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02386666/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02386666/full
https://journals.lww.com/00042192-201906000-00012
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref32
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref32
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref32
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref32
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref32
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L53098455&amp;from=export
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L53098455&amp;from=export
https://www.scopus.com/inward/record.uri?eid=2-s2.084941415765&amp;doi=10.1007%2fs10096-015-2447-1&amp;partnerID=40&amp;md5=24fedc421314ce939ff2b3adea9ced05
https://www.scopus.com/inward/record.uri?eid=2-s2.084941415765&amp;doi=10.1007%2fs10096-015-2447-1&amp;partnerID=40&amp;md5=24fedc421314ce939ff2b3adea9ced05
https://www.scopus.com/inward/record.uri?eid=2-s2.084941415765&amp;doi=10.1007%2fs10096-015-2447-1&amp;partnerID=40&amp;md5=24fedc421314ce939ff2b3adea9ced05
https://www.scopus.com/inward/record.uri?eid=2-s2.084941415765&amp;doi=10.1007%2fs10096-015-2447-1&amp;partnerID=40&amp;md5=24fedc421314ce939ff2b3adea9ced05
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00981870/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00981870/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00685970/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00685970/full
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L369050885&amp;from=export
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L369050885&amp;from=export
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02522372/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02522372/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00848473/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00848473/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02510472/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02510472/full
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref41
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref41
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref41
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01367406/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01367406/full
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84924655961&amp;doi=10.3109%2f13697137.2014.991301&amp;partnerID=40&amp;md5=8103abd1393c6fbdc1854277563c7430
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84924655961&amp;doi=10.3109%2f13697137.2014.991301&amp;partnerID=40&amp;md5=8103abd1393c6fbdc1854277563c7430
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84924655961&amp;doi=10.3109%2f13697137.2014.991301&amp;partnerID=40&amp;md5=8103abd1393c6fbdc1854277563c7430
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01041769/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01041769/full
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref45
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref45
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref45
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref45
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00881257/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00881257/full
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L618161680&amp;from=export
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L618161680&amp;from=export
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02085904/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02085904/full
http://creativecommons.org/licenses/by%2Dnc%2Dnd/4.0/
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref50
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref50
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref50
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref50
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00489322/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00489322/full
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85147035834&amp;doi=10.11005%2fjbm.2022.29.4.225&amp;partnerID=40&amp;md5=fe5783bbc31.943db35722539cfeedc44
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85147035834&amp;doi=10.11005%2fjbm.2022.29.4.225&amp;partnerID=40&amp;md5=fe5783bbc31.943db35722539cfeedc44
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85147035834&amp;doi=10.11005%2fjbm.2022.29.4.225&amp;partnerID=40&amp;md5=fe5783bbc31.943db35722539cfeedc44
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85147035834&amp;doi=10.11005%2fjbm.2022.29.4.225&amp;partnerID=40&amp;md5=fe5783bbc31.943db35722539cfeedc44

R.A.FE. Andrews, A. Lacey, H. Roach et al.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Zhao F, Guo Z, Kwok LY, Zhao Z, Wang K, Li Y, et al. Bifidobacterium lactis
Probio-M8 improves bone metabolism in patients with postmenopausal
osteoporosis, possibly by modulating the gut microbiota. Eur ] Nutr [Internet]
2023;62(2):965-76. Available from: https://www.scopus.com/inward/record.
uri?eid=2-s2.085141345736&amp;doi=10.1007%2fs00394-022-03042-
3&amp;partnerlD=40&amp;md5=c403476342c5ecfe463f07e7b29bca54.
Kaczmarczyk M, Szulinska M, toniewski I, Kregielska-Narozna M,
SkoniecznaZydecka K, Kosciolek T, et al. Treatment with multi-species pro-
biotics changes the functions, not the composition of gut microbiota in
postmenopausal women with obesity: a randomized, double-blind, placebo-
controlled study. Front Cell Infect Microbiol [Internet] 2022;12:815798.
Available from: https://www.cochranelibrary.com/central/doi/10.1002/
central/CN-02389058/full.

Szydtowska I, Marciniak A, Brodowska A, Loj B, Ciecwiez S, Skonieczna-
Zydecka K, et al. Effects of probiotics supplementation on the hormone and
body mass index in perimenopausal and postmenopausal women using the
standardized diet. A 5-week double-blind, placebo-controlled, and random-
ized clinical study. Eur Rev Med Pharmacol Sci [Internet] 2021;25(10):
3859-67. Available from: https://www.cochranelibrary.com/central/doi/10.
1002/central/CN-02287468/full.

Skrypnik K, Bogdanski P, Sobieska M, Suliburska J. The effect of multistrain
probiotic supplementation in two doses on iron metabolism in Obese post-
menopausal women: a randomized trial. Food Funct [Internet] 2019;10(8):
5228-38. Available from: https://www.cochranelibrary.com/central/doi/10.
1002/central/CN-02077944/full.

Barreto FM, Colado Simao AN, Morimoto HK, Batisti Lozovoy MA, Dichi I,
Helena da Silva Miglioranza L. Beneficial effects of Lactobacillus plantarum
on glycemia and homocysteine levels in postmenopausal women with
metabolic syndrome. Nutrition [Internet] 2014 Jul 1;30(7):939-42 [cited
2022 Jun 6]; Available from: https://www.sciencedirect.com/science/article/
pii/S0899900713005558.

Brahe L, Le Chatelier E, Prifti E, Pons N, Kennedy S, Bledel T, et al. Dietary modu-
lation of the gut microbiota — a randomised controlled trial in Obese post-
menopausal women. Br J Nutr [Internet] 2015;114(3):406-17. Available from:
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02108029/full.
Szulinska M, Loniewski I, van Hemert S, Sobieska M, Bogdanski P. Dose-
dependent effects of multispecies probiotic supplementation on the

[60]

[61]

[62]

(63]

[64]

[65]

[66]

[67]

Clinical Nutrition ESPEN 69 (2025) 241-256

lipopolysaccharide (LPS) level and cardiometabolic profile in obese post-
menopausal women: a 12-week randomized clinical trial. Nutrients
[Internet] 2018;10(6) (no pagination). Available from: https://www.
cochranelibrary.com/central/doi/10.1002/central/CN-01611064/full.
Szulinska M, Kregielska-Narozna M, Skrypnik K, Skrypnik D, Suliburska ],
Sobieska M, et al. Multispecies probiotic supplementation exerts dosede-
pendent effect on anthropometric parameters and metabolic profile in obese
postmenopausal female patients. Obes Facts 2018;11:244. Available from:
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-
01612881/full.

Desfita S, Sari W, Yusmarini Y, Pato U, Zaktos-Szyda M, Budryn G. Effect of
fermented soymilk-honey from different probiotics on osteocalcin level in
menopausal women. Nutrients [Internet] 2021;13(10). Available from:
https://www.embase.com/search/results?subaction=viewrecord&amp;
id=L2014097432&amp;from=export.

Greany K, Nettleton ], Wangen K, Thomas W, Kurzer M. Probiotic con-
sumption does not enhance the cholesterol-lowering effect of soy in post-
menopausal women. ] Nutr [Internet] 2004;134(12):3277-83. Available

from: https://www.cochranelibrary.com/central/doi/10.1002/central/CN-
00527711/full.
Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.

The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Int ] Surg 2021;88:105906.

Kanne B, Jenny J. Local administration of low-dose estriol and vital Lacto-
bacillus acidophilus in postmenopause. Gynakologische Rundschau
[Internet] 1991;31(1):7-13. Available from: https://www.cochranelibrary.
com/central/doi/10.1002/central/CN02300508/full.

Feiks A, Grunberger W. Treatment of atrophic vaginitis: does topical appli-
cation allow a reduction in the oestrogen dose? Gynakol Rundsch 1991;31
(Suppl 2):268-71.

Mirkin S, Ryan KA, Chandran AB, Komm BS. Bazedoxifene/conjugated es-
trogens for managing the burden of estrogen deficiency symptoms. Maturitas
2014 Jan 1;77(1):24-31 [cited 2022 Dec 16]; Available from: https://www.
sciencedirect.com/science/article/pii/S0378512213003204.

Chen LR, Ko NY, Chen KH. Isoflavone supplements for menopausal women: a
systematic review. Nutrients 2019 Nov 4;11(11):2649.


https://www.scopus.com/inward/record.uri?eid=2-s2.085141345736&amp;doi=10.1007%2fs00394-022-03042-3&amp;partnerID=40&amp;md5=c403476342c5ecfe463f07e7b29bca54
https://www.scopus.com/inward/record.uri?eid=2-s2.085141345736&amp;doi=10.1007%2fs00394-022-03042-3&amp;partnerID=40&amp;md5=c403476342c5ecfe463f07e7b29bca54
https://www.scopus.com/inward/record.uri?eid=2-s2.085141345736&amp;doi=10.1007%2fs00394-022-03042-3&amp;partnerID=40&amp;md5=c403476342c5ecfe463f07e7b29bca54
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02389058/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02389058/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02287468/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02287468/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02077944/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02077944/full
https://www.sciencedirect.com/science/article/pii/S0899900713005558
https://www.sciencedirect.com/science/article/pii/S0899900713005558
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02108029/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01611064/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01611064/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01612881/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01612881/full
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L2014097432&amp;from=export
https://www.embase.com/search/results?subaction=viewrecord&amp;id=L2014097432&amp;from=export
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00527711/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00527711/full
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref63
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref63
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref63
https://www.cochranelibrary.com/central/doi/10.1002/central/CN02300508/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN02300508/full
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref65
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref65
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref65
https://www.sciencedirect.com/science/article/pii/S0378512213003204
https://www.sciencedirect.com/science/article/pii/S0378512213003204
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref67
http://refhub.elsevier.com/S2405-4577(25)01763-2/sref67

	Investigating the effects of probiotics during the menopause transition: A systematic review & meta-analysis
	1. Introduction
	1.1. Objectives

	2. Methods
	2.1. Inclusion criteria
	2.2. Exclusion criteria
	2.3. Literature search
	2.3.1. Data extraction

	2.4. Data synthesis
	2.4.1. Quality evaluation

	2.5. Statistical methods

	3. Results
	3.1. Study characteristics
	3.1.1. Outcomes
	3.1.2. Risk of bias assessment
	3.1.3. Bone health
	3.1.4. Menopausal symptoms
	3.1.5. Cardiovascular risk factors
	3.1.6. Vaginal health
	3.1.7. Probiotics combined with estriol
	3.1.8. Probiotics combined with isoflavones

	3.2. Meta-analysis
	3.2.1. Probiotics & total menopausal symptom scores
	3.2.2. Probiotics & vasomotor symptoms
	3.2.3. Probiotics & psychological symptoms
	3.2.4. Probiotics & vaginal health
	3.2.5. Probiotics & vaginal dryness
	3.2.6. Probiotics & sexual symptoms
	3.2.7. Probiotics & somatic symptoms


	4. Discussion
	4.1. Main findings
	4.2. Interpretation
	4.3. Safety & adverse effects
	4.4. Strengths, limitations & future directions

	5. Conclusions
	Author contribution statement
	Ethical approval
	Industry funded research
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


