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Dietary (poly)phenols, the gut-brain axis, and menopause: A 
perspective on an overlooked biological crossroad
María García-Nicolás,a# María Paula Jarrín-Orozco,a# María Romo-Vaquero,a María Elena Martínez-
Nortes,b María Ángeles Ávila-Gálveza* and Juan Carlos Espína*

Hormonal decline, chronic low-grade inflammation, metabolic alterations and polypharmacy shape the postmenopausal 
period. These factors remodel the gut microbiota and influence the production of microbial metabolites that modulate 
immune, endocrine, and neural communication. The gut-brain axis provides a framework for understanding how microbial 
activity affects cognition, mood, stress responses, neuroinflammation, and gastrointestinal function. Dietary (poly)phenols 
depend on gut microbial transformation to generate metabolites with distinct biological activity targeting mechanisms, 
such as intestinal and blood-brain barrier integrity, inflammatory signalling, redox balance, neurotransmitter synthesis, 
tryptophan metabolism, short-chain fatty acid production, and bile acid remodelling. These pathways are sensitive to 
hormonal decline, inflammaging, and polypharmacy, which modify microbial metabolism, host conjugation processes, 
enterohepatic cycling, and physiological response to dietary compounds. Despite this mechanistic basis, no human 
intervention study has examined these interactions in postmenopausal women. This perspective integrates three 
dimensions that are usually addressed separately: the physiological and pharmacological characteristics of 
postmenopause, the communication pathways of the gut-brain axis, and the gut microbial transformation of dietary 
(poly)phenols. We review human trials assessing (poly)phenols and gut-brain outcomes and highlight the scarcity of 
mechanistic endpoints, including microbial metabolites, barrier markers, neuroimmune mediators, and bile acid profiles. 
We also highlight how chronic medications reshape microbial composition and functionality, and how host targets of 
(poly)phenols, together with interindividual variability in polyphenol‑related microbiota metabotypes, such as equol- and 
urolithin-producing metabotypes, influence biological responses and support personalised strategies. By identifying gaps 
and research priorities, this perspective provides a conceptual basis for developing precision health for postmenopausal 
women.

1. Introduction
1.1.Menopause as a multifactorial stage with pharmacological 
implications

Menopause is a complex biological transition that affects 
women across physiological, psychological, and social 
domains. It is diagnosed retrospectively after 12 consecutive 
months of amenorrhea in women with previously regular 
menstrual cycles. Ovarian hormone production declines 
gradually or abruptly. This hormonal shift triggers a cascade of 
changes that extend far beyond reproductive ageing. Estrogen 
deficiency contributes to neurovascular instability, altered lipid 
and glucose metabolism, and increased vulnerability to mood 
disturbances.1 These alterations are closely linked to a higher 
prevalence of cardiovascular disease, osteoporosis, type 2 
diabetes (T2D), cognitive decline, and affective disorders.2 

The impact of menopause also extends into the social and 
economic spheres. Many women experience reduced work 
capacity, increased healthcare costs, and unequal access to 

specialised care, particularly in resource-limited settings. The 
psychological burden of menopausal symptoms can affect 
interpersonal relationships, professional performance, and 
overall quality of life, while cultural perceptions of ageing and 
femininity shape how symptoms are experienced and 
managed, influencing both help-seeking behaviour and 
treatment adherence.3

Menopause should not be understood solely as a hormonal 
transition but also as the onset of a pharmacologically complex 
stage in a woman’s life. The accumulation of comorbidities 
such as hypertension, dyslipidemia, insulin resistance, 
osteoporosis, and depression often requires sustained 
pharmacological treatment.4 Consequently, polypharmacy 
becomes common, with therapeutic regimens that may 
include hormone replacement therapy (HRT), lipid-lowering 
drugs such as statins, antihypertensive agents, antidiabetic 
drugs such as metformin, and antidepressants. These 
treatments are essential for managing symptoms and 
preventing long-term complications. Still, their interactions 
with age-related physiological changes and individual 
variability can alter the metabolism of dietary bioactive 
compounds, such as (poly)phenols and their microbial-derived 
metabolites, drugs, as well as the therapeutic response, and 
the risk of adverse effects.5-9

These pharmacological and metabolic shifts, together with 
changes in the gut microbiota, may influence brain function, 
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cognitive resilience, and mood regulation. Understanding 
these interactions highlights the importance of the gut-brain 
axis in postmenopausal health, a dimension that remains 
underexplored (Fig. 1A). Notably, a recent review highlights 
this gap despite clear evidence of menopause‑related changes 
in brain structure and function.10

1.2. The gut-brain axis

The gut-brain axis is a bidirectional communication system 
linking the gastrointestinal tract and the central nervous 
system through neural, immune, and endocrine pathways, 
with the vagus nerve, the intestinal barrier, the blood-brain 
barrier (BBB), and the gut microbiota as principal 
components.11-13 Gut microbes support digestion, immune 
regulation, and metabolic balance, producing metabolites such 
as short‑chain fatty acids (SCFAs), neurotransmitter 
precursors, modified bile acids, and phenolic derivatives that 
can reach the systemic circulation or act via neural pathways 
to influence cognition, mood, and metabolic homeostasis,14-16 
as also reviewed in the context of ageing and 
neurodegeneration.17 

Communication along the gut-brain axis is bidirectional 
because the brain regulates motility, secretion, and immune 
tone, which shape gut microbial composition and function, and 
microbial changes feedback on neuroendocrine and 
inflammatory pathways that modulate behaviour and systemic 
metabolism (Fig. 1B).18 

Age‑related low‑grade inflammation, or inflammaging, 
compromises gut barrier integrity and perturbs microbial 
ecology, increasing systemic inflammatory load and 
vulnerability to cognitive impairment and mood disturbances. 
A resilient gut microbiota helps preserve barrier function and 
limits bacterial translocation, thereby buffering 
inflammaging.19,20 Gut microbial composition also affects BBB 
development and maintenance. This effect is partly reversible 
by restoring the conventional microbiota or by administering 
microbial metabolites such as butyrate, which support BBB 
integrity and neuroprotection.21-23 Importantly, gut‑derived 
molecules can exert context‑dependent outcomes. 

Trimethylamine N‑oxide (TMAO), commonly associated 
with cardiovascular risk,24 has also been reported, under 
specific conditions, to support BBB stability and cognitive 
function. This highlights that concentration, microbial 
background and metabolic status determine the net 
physiological effects.25 In postmenopausal women, the decline 
in sex hormones shifts immune and metabolic set points, 
remodels the gut microbiota and its metabolite profile, and 
thereby alters susceptibility to cognitive decline and mood 
disorders, as well as the response to dietary or 
microbiota‑targeted interventions for brain health.26-28

Given that microbial activity shapes the production of 
bioactive molecules, (poly)phenols may be particularly 
relevant candidates to modulate gut-brain communication in 
postmenopausal women, whose gut microbiota composition 
and pharmacological exposures may critically shape the 
production and bioactivity of microbial metabolites.

1.3. Dietary (poly)phenols 

Phenolic compounds, commonly referred to as (poly)phenols, 
comprise a diverse family of plant-derived molecules abundant 
in fruits, vegetables, cereals, and foods such as tea, coffee, 
olive oil, and red wine, historically considered xenobiotics but 
now associated with modulation of chronic diseases, including 
metabolic, cardiovascular, and neurodegenerative disorders 
through effects on inflammation, redox balance, lipid 
metabolism, and mitophagy.17,29-32 These mechanisms are 
particularly relevant for postmenopausal women, in whom 
vascular dysfunction, metabolic disturbances, and 
neuroinflammation are prevalent and often coexist with 
polypharmacy. Overall, low systemic bioavailability, large 
structural diversity, and complex host metabolism impede the 
precision of dietary recommendations, so health outcomes 
attributed to (poly)phenols must be interpreted in the context 
of host conjugation, enterohepatic recycling, gut microbial 
metabolism, and interindividual variability (Fig. 1C).9,33 

Most ingested (poly)phenols escape small‑intestinal 
absorption and reach the colon, where microbial enzymes such 
as hydrolases, reductases, and dehydroxylases convert 
glycosides and oligomers into low‑molecular‑weight 
metabolites such as phenolic acids, urolithins, enterolignans, 
lunularin, equol, and others, which frequently show enhanced 
absorption and distinct bioactivity compared with their 
precursors. Host phase II metabolism produces conjugates, 
such as glucuronides and sulfates, that circulate and are 
excreted, and enterohepatic cycling prolongs exposure.34,35 

Remarkably, some gut microbial metabolites influence 
systemic physiology both directly and indirectly, often 
considered as the primary drivers of the health effects 
observed upon consuming the parent (poly)phenol 
compound.33,36-38 For example, this is the case of equol and 
urolithin A, which are produced by the gut microbiota from 
isoflavones and ellagic acid, respectively. These metabolites 
have been reported to exert pleiotropic effects on chronic 
diseases by impacting metabolic and cellular 
homeostasis.9,32,39-41 In addition, microbial shifts induced by 
(poly)phenols alter SCFA production and the bile acid pool, 
thereby affecting gut barrier integrity, immune tone, 
metabolic signalling via FXR/TGR5, and gut-brain 
communication.36,42,43.Host genetics, sex, age, dietary matrix, 
and lifestyle determine which metabolites are formed and the 
magnitude of their effects, supporting a personalised approach 
to exploit (poly)phenol-microbiota interactions for health.9 

These considerations highlight the need to contextualise 
(poly)phenol metabolism and bioactivity within the specific 
physiological and pharmacological landscape of 
postmenopausal women. 
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Figure 1. Interplay between dietary (poly)phenols, gut microbiota, and the gut-brain axis in postmenopausal women: 
mechanisms and unmet research gaps. Abbreviations: RCTs: randomised controlled trials; SCFAs: short-chain fatty acids; TMA: 
trimethylamine.

However, although the gut-brain axis and dietary 
(poly)phenols have received increasing attention, the 
intersection of hormonal decline, pharmacological treatments, 
and microbial metabolism in postmenopausal women remains 
largely unexplored. Recent work highlights that even the 
characterisation of gut-microbiota-brain interactions during 
menopause remains incomplete,10 underscoring the need for 
integrative frameworks such as the one proposed here. Thus, 
in this perspective, we aim to address this overlooked 
crossroads by integrating three critical dimensions: i) the 
multifactorial, pharmacologically complex nature of 
menopause, ii) bidirectional communication between the gut 
and brain, and iii) the modulatory potential of dietary 
(poly)phenols. By examining how these factors converge to 
shape gut microbiota composition, metabolite production, and 
their impact on cognitive, mood, and metabolic health, we 
propose a conceptual framework that identifies research gaps 
and opportunities for precision nutrition and personalised 
interventions to support long-term well-being in 
postmenopausal women. This mechanistic overview sets the 
stage for exploring how (poly)phenols and microbial 
metabolism converge to influence the gut-brain axis.

2. Dietary (Poly)phenols and the Gut-Brain Axis: 
Mechanistic Overview
2.1. Direct influence of (poly)phenols on the gut-brain axis

Dietary (poly)phenols influence the gut-brain axis through a 
wide array of molecular and complementary mechanisms, as 
also described in ageing and neurodegeneration.17 These 
compounds exert pleiotropic effects as protective agents of 
the neurovascular unit, including anti-inflammatory actions, 
antioxidant and free-radical scavenging properties, and 
regulators of numerous signalling pathways (e.g., GABA, 
serotonin, cannabinoid receptors) that collectively act at 
multiple mechanistic levels.44,45 These mechanisms are 
particularly relevant in postmenopausal women, in whom 
hormonal decline exacerbates vascular dysfunction, 
inflammation, and barrier fragility.1,2,26-28

A substantial body of evidence indicates that (poly)phenols 
contribute to the maintenance of vascular elasticity and the 
preservation of both intestinal and brain barrier integrity.46,47 
These compounds are potent vasodilators that enhance 
endothelial nitric oxide synthase (eNOS) activity and NO 
bioavailability, thereby promoting anti-atherogenic and 
endothelial-protective gene expression profiles.48 Dietary 
(poly)phenols have been widely reported to inhibit iNOS 
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expression and activity, reduce NO overproduction, suppress 
COX-2, and attenuate pro-inflammatory cytokines, including IL-
1β, IL-6, and TNF-α, while modulating anti-inflammatory 
mediators, including IL-10. Plant-derived (poly)phenols 
traditionally used for menopausal symptoms have shown 
neurovascular and neuroimmune effects relevant to gut-brain 
communication.49 

Beyond vascular effects, (poly)phenols also strengthen 
epithelial and endothelial barriers by upregulating key tight 
junction proteins, supporting the structure of the intestinal 
epithelium43 and the blood-brain barrier.50 Preservation of 
both barriers is essential for limiting peripheral inflammatory 
signals from reaching the brain.

Inflammation represents a central innate immune response 
to tissue injury, infection, and metabolic stress, and is tightly 
regulated by key signalling pathways, including nuclear factor 
κB (NF-κB), nuclear factor erythroid 2-related factor 2 (Nrf2), 
and mitogen-activated protein kinases (MAPKs). In the context 
of (poly)phenols, extensive preclinical evidence indicates that 
these compounds suppress key inflammatory mediators, 
including NO, iNOS, COX-2, and TNF-α following LPS or 
receptor activator of NF-κB ligand (RANKL) stimulation, 
indicating upstream inhibition of NF-κB activation.51-54 
Moreover, prevention of NF-κB nuclear translocation by 
phenolic compounds has been consistently reported in models 
of both intestinal and brain disorders, highlighting a shared 
anti-inflammatory mechanism relevant to gut-brain axis 
regulation.55-57

Direct evidence linking (poly)phenol intake to modulation 
of the gut-brain axis has been demonstrated in aged, 
menopause-related animal models. In a 12-week 
supplementation intervention, tea extract attenuated 
cognitive decline by inhibiting the TLR4/NF-κB inflammatory 
cascade triggered by gut dysbiosis.58

Tryptophan metabolism represents another critical 
pathway at the interface of dietary (poly)phenols and the gut-
brain axis. Tryptophan is an essential amino acid involved in 
protein synthesis and serves as a precursor for several 
neuroactive metabolites. Through the hepatic kynurenine 
pathway, tryptophan is converted into kynurenic acid. This 
neuroprotective compound antagonises excitatory amino acid 
receptors and has been implicated in modulating cognitive and 
psychiatric functions.59 In addition, tryptophan is the unique 
precursor of the neurotransmitter serotonin, which is vital for 
the processing of emotions, hunger, sleep, and pain, as well as 
colonic motility and secretory activity in the gut.60 In this 
context, dietary (poly)phenols have been shown to dampen 
inflammatory cascades and influence tryptophan metabolism, 
thereby shaping serotonin availability and downstream 
neurophysiological responses.61

Supporting this, anthocyanins and flavanols have been 
reported to mitigate oxidative stress in high-fat diet models by 
increasing SOD and GSH-Px activity, while elevating 
hippocampal 5-HT and dopamine levels.62 These 
neurochemical improvements were accompanied by increased 
abundances of several beneficial taxa, including 
Bifidobacterium, Lactobacillus, Roseburia, Faecalibaculum, 

Parabacteroides, and Ruminiclostridium, and by decreased 
abundances of Staphylococcus, a genus associated with gut 
inflammation. Collectively, these findings underscore the 
central role of tryptophan metabolism and redox balance in 
the pathogenesis of neurological and psychiatric disorders and 
highlight the capacity of dietary (poly)phenols to modulate 
these pathways through both direct and indirect mechanisms.

Finally, it is important to consider that many of the 
molecular targets influenced by (poly)phenols overlap with 
those affected by commonly prescribed pharmacological 
treatments. Given the high prevalence of chronic medication 
use in postmenopausal women, potential interactions at the 
level of shared receptors, enzymes, and signalling pathways 
may modify the efficacy and outcomes of dietary 
interventions.

2.2. Gut microbiota-mediated influence on the gut-brain axis

The gut microbiota modulates the gut-brain axis through 
multiple interacting mechanisms that converge on barrier 
integrity, neuroimmune signalling, neural pathways, and 
systemic metabolism.63,64 These mechanisms acquire particular 
relevance in postmenopausal women, whose microbial 
composition and metabolic capacity are shaped by hormonal 
decline and chronic medication use. Notably, the gut-
microbiota-brain axis in menopause has not yet been 
characterised despite clear evidence of menopause‑related 
changes in brain connectivity and function.10

Microbial metabolites, including SCFAs, TMA derivatives, 
neurotransmitter precursors, and polyphenol-derived 
compounds, act on enteric neurons, enteroendocrine cells, 
and immune cells in the intestinal mucosa, then reach the 
circulation or the lymphatic system to influence distant 
targets.37,65 

SCFAs, primarily acetate, propionate, and butyrate, exert 
multiple effects on the brain by regulating BBB integrity, 
modulating microglial activation, and controlling key 
neuroinflammatory pathways. These microbial metabolites are 
key players in altering paracellular diffusion and transcytosis at 
neurovascular interfaces.17,66 In neurodegenerative diseases, 
SCFA dysregulation is common. For example, patients with 
Parkinson’s disease show reduced faecal acetate, propionate 
and butyrate, whereas Alzheimer’s disease is characterised by 
decreased butyrate and increased acetate and valerate, 
potentially promoting inflammation and BBB dysfunction.67,68

Microbe-driven modification of tryptophan and aromatic 
amino acid pathways generates ligands that influence central 
serotonin and catecholamine synthesis and vagal afferent 
signalling, providing a direct neurochemical route from gut to 
brain circuits.65,69 Moreover, the gut microbiota metabolises 
tryptophan into a diverse array of indole and indole-derived 
compounds (e.g., indole-3-propionic acid and indole-3-
aldehyde). These microbial indoles act as signalling molecules 
at the intestinal and systemic levels, primarily by activating the 
aryl hydrocarbon receptor (AHR), thereby modulating 
intestinal barrier integrity, immune homeostasis, and 
neuroinflammatory responses.70 Notably, bacteria capable of 
indole production increase their activity in response to dietary 
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substrates, and both (poly)phenols and specific dietary fibres 
have been shown to promote indole-generating microbial 
pathways by selectively enriching indole-producing taxa.71 This 
route provides a critical, microbiota-dependent link between 
diet, tryptophan metabolism, and gut-brain communication, 
complementing host kynurenine and serotonin pathways.

In addition, the gut microbiota transforms dietary 
(poly)phenols into smaller molecules, such as low-molecular-
weight phenolics, urolithins, equol, enterolignans, lunularin, 8-
prenylnaringenin, and others. By modulating neuroimmune 
signalling, oxidative stress, and estrogen pathways, these 
compounds may enhance cognitive and emotional resilience in 
postmenopausal women. These microbial derivatives 
frequently display superior bioavailability and exert distinct 
biological effects, often considered the main drivers of health 
outcomes. Their formation depends strongly on gut microbial 
composition and the individual metabotype, as well as on the 
(poly)phenol ingested.9,29,33,37 

Changes in gut microbial community structure induced by 
(poly)phenols also affect the production of SCFAs, the 
remodelling of bile acids, and the generation of signalling 
molecules that regulate gut barrier integrity, vagal tone, and 
systemic inflammation. These shifts may help counteract the 
low-grade inflammation associated with menopause and 
support balanced communication along the gut-brain axis. 
However, the extent of these effects varies depending on host 
physiology and microbial background.33,37,42

Dysbiosis or increased gut microbial translocation elevates 
exposure to bacterial products such as lipopolysaccharide, 
driving low-grade systemic inflammation and altering 
microglial reactivity.66 Additionally, the microbiota regulates 
intestinal vascular and lymphatic function through microbial 
factors, such as VEGF-C, and by modulating lipid and 
chylomicron handling, thereby affecting the absorption and 
trafficking of lipophilic neuroactive compounds.72 The net 
effect of these mechanisms is context-dependent, with 
microbial composition, host age, barrier status, immune tone, 
and lymphatic function collectively determining whether 
microbiota-derived signals support homeostasis or promote 
neuroinflammation, metabolic dysregulation, and behavioural 
changes.64,72,73 Significantly, chronic pharmacological 
treatments, common in postmenopausal women, may further 
modulate microbial composition and function, altering 
metabolite profiles and barrier dynamics. These drug-induced 
shifts can interact with dietary bioactives and microbial 
signalling, potentially amplifying or attenuating gut-brain 
communication. Understanding how medication influences 
microbiota-derived effects is essential for interpreting 
intervention outcomes and designing personalised strategies. 

This overlap suggests that chronic medication use, which is 
highly prevalent in postmenopausal women, may significantly 
modulate the physiological response to dietary (poly)phenols 
and should therefore be considered when interpreting gut-
brain axis outcomes.

3. Medications and potential interactions with 
(poly)phenol effects: the often overlooked 
variable
3.1. Effects of common chronic medications on the gut microbiota

Medication use is increasingly recognised as an important, yet 
often overlooked, determinant of gut microbiota composition 
and function. The profound microbiome-disrupting effects of 
antibiotics are well documented. However, accumulating 
evidence shows that many non-antibiotic drugs commonly 
used in midlife and older adults also exert measurable impacts 
on microbial communities.74-76 Importantly, medication 
exposure is particularly prevalent among postmenopausal 
women, a population characterised by an increased burden of 
chronic conditions and sustained use of long-term 
pharmacological treatments.

Epidemiological data indicate that approximately 60–70% 
of women in the menopausal transition and postmenopausal 
period regularly use at least one chronic medication, and a 
substantial proportion are exposed to polypharmacy.77 HRT, 
antidepressants, anxiolytics, sleep medications, 
antihypertensives, lipid-lowering agents, and antidiabetic 
drugs are among the most frequently prescribed treatments in 
this demographic group, collectively shaping a 
pharmacologically driven microbial environment.

Among non-antibiotic drugs, antidiabetic agents are the 
most extensively studied for their capacity to modulate the gut 
microbiota. Metformin, in particular, has been consistently 
shown to induce marked and reproducible shifts in microbial 
composition across both diabetic and non-diabetic cohorts. 
These changes include increased abundance of Escherichia and 
Bifidobacterium spp., enrichment of mucin-degrading taxa 
such as Akkermansia muciniphila, and stimulation of SCFA-
producing bacteria.78,79 These shifts are accompanied by 
functional changes affecting microbial genes involved in 
carbohydrate metabolism and SCFA biosynthesis. GLP-1 
receptor agonists alter the Bacillota (Firmicutes)/Bacteroidota 
(Bacteroidetes) ratio, increase the abundance of SCFA-
producing taxa such as Lachnospiraceae, and modulate 
immune populations, reducing the frequency of Th1 
lymphocytes.80,81 Although findings for SGLT2 inhibitors are 
more heterogeneous, several studies report increases in A. 
muciniphila abundance and shifts in the Bacillota/Bacteroidota 
ratio.82 Collectively, these microbiota alterations overlap with 
key mechanisms implicated in gut-brain axis signalling, 
including barrier integrity, immune modulation, and 
neuroinflammatory control. 

Lipid-lowering agents, particularly statins, represent 
another major drug class with documented effects on the gut 
microbiome. Statin therapy has been associated with changes 
in microbial diversity, enrichment of bile acid-transforming 
bacteria, and alterations in microbial bile acid profiles, which 
in turn may influence gut barrier function, systemic 
inflammation, and central nervous system signalling. Long-
term use of statins may impact gut microbiota diversity, 
potentially leading to dysbiosis.83 Paradoxically, statin therapy 
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has also been associated with shifts in gut microbial ecology, 
characterised by an enrichment of health-associated taxa, 
including A. muciniphila and Lactobacillus spp., together with a 
reduction in bacterial groups linked to pro-inflammatory 
states.84,85 These alterations in the gut microbiota might 
influence intestinal barrier function by modulating tight-
junction architecture and epithelial integrity, thereby affecting 
gut permeability and host-microbe interactions.

Similarly, antihypertensive drugs, including beta-blockers, 
Angiotensin-Converting Enzyme (ACE) inhibitors, angiotensin 
receptor blockers, and calcium channel blockers, have been 
linked to distinct microbial signatures. These medications may 
affect microbial diversity, SCFA production, and microbial 
pathways involved in neurotransmitter synthesis and immune 
regulation.75,86 In these interventions, an increased relative 
abundance of butyrate-producing genera such as Roseburia 
has been reported,75 alongside a reduction in 
Faecalibacterium.86 However, mechanistic insights remain 
fragmented, and their potential implications for gut-brain axis 
function are rarely addressed explicitly. 

HRT remains the most effective pharmacological approach 
for alleviating menopausal symptoms. Beyond its systemic 
endocrine effects, HRT may be considered as an important 
modulator of gut microbiota composition and function. 
Estrogens and estrogen-containing therapies influence the so-
called estrobolome, a subset of gut microbial genes involved in 
estrogen deconjugation and recirculation, thereby shaping 
systemic estrogen exposure and signalling pathways.87,88 

In this context, dietary (poly)phenols with estrogenic 
activity, especially the isoflavones daidzein and genistein, add 
another layer of complexity. These compounds share some 
structural similarity with 17β-estradiol and exhibit selective 
estrogen receptor modulator activity. Notably, the microbial 
conversion of daidzein into equol determines the biological 
response, such that only equol-producing individuals, i.e., the 
equol producers metabotype, derive maximal benefit, 
underscoring the central role of microbial composition in 
shaping hormonal and gut-brain axis outcomes.9,89 Recent 
evidence supports a microbiota-mediated contribution to the 
metabolic benefits associated with HRT. In postmenopausal 
women receiving hormone therapy, higher circulating estradiol 
and progesterone levels were accompanied by lower fasting 
glucose and a distinct microbial signature characterised by 
increased relative abundance of Prevotella and reduced levels 
of Escherichia, Klebsiella, and Lactobacillus, taxa previously 
associated with cardiometabolic risk.90 

In general, despite the recognition that medications 
profoundly shape the gut microbiota, most evidence derives 
from mixed-sex cohorts or male-dominated populations, with 
limited stratification by menopausal status.87 As a result, the 
specific gut microbiome signatures associated with long-term 
pharmacological treatments in postmenopausal women, and 
their consequences for gut-brain axis signalling, remain poorly 
characterised. Addressing medication as a core variable is 
therefore essential for accurately interpreting gut-brain axis 
research and for developing personalised nutritional strategies 
in postmenopausal women.87,91 Therefore, these drug‑induced 

alterations in microbial composition and metabolic capacity 
are likely to influence the gut-brain signalling, as well as the 
absorption, transformation, and systemic activity of dietary 
(poly)phenols.

3.2. Interactions between medications and the bioactivity of 
(poly)phenols

Medication-bioactive interactions can occur at multiple, 
interconnected levels, influencing the systemic exposure to 
dietary (poly)phenols and their biological effects on gut-brain 
axis pathways. Most chronic drugs commonly used in 
postmenopausal women, including antihypertensives, lipid-
lowering agents, HRT, and sleep medications, modulate 
metabolic and transport processes that overlap with those 
governing (poly)phenol transformation, circulation, and tissue 
distribution. Consequently, polypharmacy represents an 
overlooked confounder in nutritional intervention studies and 
a potential modifier of the efficacy of (poly)phenol-rich diets or 
supplements (Fig. 2).

3.2.1. Interference with Phase I metabolism (CYP450). 
Although CYP450 enzymes play a more limited role in (poly)phenol 
metabolism compared to Phase II, they remain relevant for the 
oxidative modification of precursor structures and for shaping the 
metabolic fate of specific subclasses (e.g., stilbenes, isoflavones, 
and certain phenolic acids).92 Several medications commonly used 
during and after menopause significantly induce or inhibit Phase I 
CYP450 isoforms, creating metabolic interactions that may 
influence (poly)phenol bioactivity. 

For instance, CYP2C19 and CYP2D6 have been described as 
important isoforms in the metabolism of antidepressants.93 
Interestingly, a wider range of dietary (poly)phenols and 
various gut microbiota-derived metabolites have been shown 
to inhibit CYP2D6 enzyme activity.94 Other examples include 
lipid-lowering agents, such as the statins simvastatin, 
lovastatin, and atorvastatin, which are highly susceptible to 
drug interactions, as potent CYP3A4 inhibitors markedly 
increase their plasma concentrations, thereby elevating the 
risk of toxicity.95 In this regard, (poly)phenol-rich foods and 
flavonoids have shown a specific inhibitory capacity against 
CYP3A4 in preclinical and clinical studies.96,97 

Antihypertensive drugs are another major group of drugs 
prescribed to middle-aged women. Their metabolism involves 
several CYP450 isoforms, including CYP2D6, CYP2C9, CYP2D19 
and CYP3A4, which metabolise most antihypertensive drugs.98 
Notably, resveratrol intervention was found to inhibit the 
phenotypic activity of CYP3A4, CYP2D6, and CYP2C9, but 
induced CYP1A2 activity in healthy volunteers (Fig. 2).99 

Beyond CYP-mediated metabolism, modulation of drug 
transporters represents an additional clinically relevant 
mechanism. For example, green tea-derived catechins have 
been shown to inhibit intestinal uptake transporters, leading 
to reduced plasma concentrations of specific drugs, such as 
nadolol, in human studies.100
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Figure 2. Interactions between polypharmacy, gut microbiota and polyphenol metabolism in postmenopausal women. 
Abbreviations: COMT: catechol-O-methyltransferase; HRT: hormone replacement therapy; SULTs: sulfotransferases; UGTs: 
uridine diphosphate glucuronosyl transferases. 

Importantly, although the vast majority of these interactions 
have been characterised at the mechanistic level, clinical evidence 
supports their relevance in specific contexts. A well-established 
example is the interaction between polyphenol-rich grapefruit juice 
and drugs metabolised by CYP3A4, where inhibition of intestinal 
CYP3A4 leads to increased systemic drug exposure and potential 
toxicity.101 In addition, clinical pharmacokinetic studies have also 
demonstrated that catechins can significantly reduce the 
bioavailability of certain drugs, through inhibition of intestinal 
uptake transporters, including organic anion-transporting 
polypeptides (OATP).102

Collectively, these findings indicate that Phase I-mediated 
interactions may meaningfully reshape the metabolic landscape in 
which dietary (poly)phenols and chronic medications coexist, a 
prevalent scenario in postmenopausal women.

3.2.2. Competition for phase-II metabolism. Dietary 
(poly)phenols undergo extensive conjugation by phase II enzymes 
like uridine diphosphate glucuronosyl transferases (UGTs), 
sulfotransferases (SULTs) and catechol-O-methyltransferase (COMT) 
enzymes. These enzymes critically determine circulating metabolite 

profiles, tissue exposure, and the pool of conjugated compounds 
available for further microbial deconjugation and enterohepatic 
recirculation. 

Available evidence indicates that polymorphisms in UGTs, 
SULTs, and transporters can meaningfully influence drug 
exposure, efficacy, and toxicity.103,104 A similar paradigm 
applies to dietary (poly)phenols, for which interindividual 
differences in conjugation capacity shape metabolite patterns 
and biological responses.105

Importantly, many drugs chronically prescribed to 
postmenopausal women rely on the same enzymatic systems, 
creating potential competition at the level of Phase II 
metabolism. As a consequence, competitive substrate 
interactions at the level of Phase II enzymes may alter both 
drug disposition and (poly)phenol metabolism.106,107 Saturation 
or inhibition of UGTs and SULTs can shift the relative 
abundance of glucuronidated, sulfated, or methylated 
metabolites, thereby modifying their biological activity, tissue 
distribution, and capacity to engage gut-brain axis signalling.

Although the available clinical evidence supporting these 
interactions remains limited, heterogeneous, and highly 
compound-specific, both the studies included in this review 

60-70% of postmenopausal women use 
chronic medication

Antihypertensives; HRT; 
Metformin; Statins

Antidepressants

Polypharmacy

(Poly)phenols

Remodelling of the microbial ecology

Metabolic competition in the host

Phase I: Interference with
CYP450

Competition for CYP3A4, 
CYP2D6 and CYP2C9 between
medication and polyphenols

Phase II: Competition for
conjugation

Saturation of UGTs, SULTs and COMT 
enzymes, altering bioavailability and 

enterohepatic recirculation

Bioactive metabolite-driven remodelling
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and additional human data suggest that certain dietary 
(poly)phenols can modulate drug-metabolising enzymes and 
transport processes, supporting their potential relevance in 
specific contexts. Taken together, these interactions indicate 
that the pharmacological landscape typical of postmenopausal 
women may substantially modify the physiological and 
neurobiological effects attributed to dietary (poly)phenols, 
underscoring the need to interpret gut-brain outcomes within 
this broader context (Fig. 2).

4. Polyphenols and the gut-brain axis in 
postmenopausal health: An area yet to be 
investigated
Research on (poly)phenols to improve vasomotor symptoms, 
cardiometabolic parameters, and bone health during 
postmenopause has long attracted attention. In this context, 
the majority of (poly)phenol intervention studies in 
postmenopausal women have focused on isoflavone intake, 
reflecting their prominent role in this stage of women’s health 
research. This emphasis is attributable, at least in part, to their 
moderate estrogenic activity and to accumulating evidence 
indicating that their efficacy is closely linked to intestinal 
biotransformation and the generation of bioactive microbial 
metabolites, primarily (S)-equol.108,109 This well‑established 
example illustrates how microbial metabolism determines the 
physiological relevance of dietary (poly)phenols, extending its 
implications to pathways directly involved in gut-brain 
communication. However, despite this mechanistic plausibility, 
the implications of (poly)phenol-derived microbial metabolites 
for gut-brain communication in postmenopausal women 
remain unexamined. 

Despite extensive research in postmenopausal women, 
clinical trials have predominantly focused on peripheral 
endpoints, leaving the role of (poly)phenols in modulating the 
gut-brain axis insufficiently explored. To date, no human 
intervention study has investigated how dietary (poly)phenols 
influence gut-brain axis processes specifically in 
postmenopausal women.

As commented, the gut-brain axis has emerged as a central 
conceptual framework for understanding the bidirectional 
interplay between the gut microbiota, host metabolism, 
immune function and the central nervous system, with direct 
repercussions for cognition, mood regulation, stress 
responsiveness, and functional gastrointestinal disorders.16,61 
Understanding this gap requires revisiting how the gut-brain 
axis operates and why postmenopause represents a uniquely 
sensitive context. Within this landscape, (poly)phenols have 
been proposed as potential modulators of gut-brain 
communication, exerting biological effects directly or indirectly 
via their gut microbial biotransformation into neuroactive and 
immunomodulatory metabolites. This gap is striking given that 
hormonal decline, inflammaging, and polypharmacy directly 
modulate both microbial metabolism of (poly)phenols and gut-
brain signalling. However, a critical review of the existing 
literature on human interventions reveals that the evidence 
supporting these interactions is currently fragmented and 

lacks a clear connection to the postmenopausal context, 
despite the profound hormonal, immunometabolic and 
inflammatory changes that characterise this life stage and are 
known to influence gut-brain axis function.110,111

As shown in Table 1, this perspective provides a concise 
overview of existing human intervention studies investigating 
associations between (poly)phenols or (poly)phenol-rich 
dietary products and markers or outcomes relevant to the gut-
brain axis. Notably, the lack of studies identified in this context 
underscores that the intersection of menopause, (poly)phenol 
metabolism, and gut-brain communication has not yet been 
addressed in human intervention research. The following 
targeted PubMed and Scopus search string was used: 
“(polyphenol OR flavan* OR flavon* OR procyan* OR ellagi* 
OR isoflav* OR genist* or daidz* OR catech* OR epicate* OR 
resveratrol OR curcum* OR hydroxycinn* OR caffeic OR 
anthocyan*) AND gut-brain AND (patient* OR women OR 
female OR volunteer* OR trial OR intervention) NOT (rat OR 
mouse OR mice OR animal model OR cell* OR in vitro) NOT 
(review or metaanalysis)”. Importantly, adding the term 
“menopause” yielded no results, highlighting a complete lack 
of human intervention studies addressing the gut-brain axis 
specifically in postmenopausal women.

4.1. Human intervention studies exploring the gut-brain axis 
and (poly)phenols

As outlined in Table 1, human intervention studies evaluating 
the relationship between (poly)phenols and outcomes relevant 
to the gut-brain axis have been conducted in heterogeneous 
study populations, including healthy young adults,112-115 
patients with disorders of gut-brain interaction, such as 
irritable bowel syndrome (IBS) and other functional 
gastrointestinal disorders (FGID),116-118 as well as specific 
clinical populations, such as children with autism spectrum 
disorder (ASD)119 or older adults with dementia.120 

Trials conducted in healthy young populations allow 
exploration of the possible effects of (poly)phenols on 
cognition, mood, and stress under relatively stable 
physiological conditions, characterised by low inflammation 
and the absence of polypharmacy.1129,113 These studies have 
reported improvements in specific cognitive domains, 
including immediate or working memory, as well as reductions 
in anxiety and anger. These populations are particularly suited 
for detecting subtle behavioural effects in the absence of 
major confounding factors. However, these findings cannot be 
extrapolated to postmenopausal women, whose endocrine 
and inflammatory milieu differs profoundly.

In contrast, studies in IBS and FGID, in which gut-brain 
dysregulation is already established, demonstrate consistent 
improvements in symptom severity, quality of life, and 
dysphoria following intervention with tannins, blueberries, or 
(poly)phenol-enriched symbiotic combinations.116-118 These 
outcomes reinforce the relevance of (poly)phenols as 
modulators of gut-brain signalling in populations exhibiting 
heightened visceral sensitivity and altered microbiota 
composition. However, these pathophysiological contexts 
differ fundamentally from postmenopause, where gut-brain 
alterations arise from endocrine and metabolic transitions 
rather than visceral hypersensitivity.
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Table 1. Existing clinical trials and intervention studies investigating associations between (poly)phenols, or (poly)phenol-rich food matrices and gut-brain axis-related markers or 
outcomes.

(Poly)phenol source Population Dose Duration Primary outcomes Medication Key limitations Type of study References

Resveratrol and 
coumaric acid-rich SRP 

and PB.

63 healthy 
adults (age 

18–33).

SRP 25 g/day 
or PB 32 
g/day or 
control 

butter 32 
g/day.

6 months

SRP and PB improved immediate 
memory; PB improved the 
delayed and total memory; 

anxiety scores reduced (SRP vs 
control); ↑faecal SCFAs (acetic, 

propionic, butyric) and total 
SCFAs; ↓urinary cortisol.

No medication.

Limited sample size; lack of 
blinding; control butter still 
contained VLCSFAs; limited 

statistical power after dropouts; 
no microbiota data.

Three-arm parallel-
group randomised 

controlled trial.

Parilli-Moser et al. 
(2021)112

Polyphenols via an 
“anti-inflammatory” 
diet (NeuroGutPlus: 

fruits, vegetables, olive 
oil, nuts, seeds). 

30 children 
with ASD 

(age 6–17) +
12 

neurotypical 
controls.

Food 
package or 1 

dose/day 
multi-strain 
probiotics 

(16 
Lactobacillus
/Bifidobacter
ium strains).

12 weeks

↓IFN-γ with diet; probiotics 
↑IL-8 and MIP-1β, but ↓IFN-γ; 

Immune profile stabilisation 
with diet.

No antibiotics or 
immunosuppressives 
within the last month; 

stable behavioural 
therapy ≥3 months; no 

structured dietary 
support before trial.

Limited sample size; no microbiota 
data; lack of microbial metabolite 
profiling; behavioural outcomes 
only; limited mechanistic insight.

Randomised 
controlled 

nutritional trial.

Naranjo-Galvis et 
al. (2025)119

Quebracho (Schinopsis 
lorentzii) and Chestnut 

(Castanea sativa) 
tannins (ellagitannins, 

profisetinidins). 

156 adults 
with IBS (age 

18–70).

480 mg/day 
(two 

capsules).
56 days

Significant improvement in IBS 
severity score (IBS-SSS), quality 

of life (IBS-QoL, GIQLI), and 
reduction of bloating, abdominal 

pain and flatulence; improved 
bowel movement frequency in 

IBS-C and IBS-D.

Excluded patients on 
opioids or drugs 

affecting intestinal 
function; excluded 

recent antibiotics (last 
4–6 weeks); no 

concurrent probiotics 
or supplements.

Single-centre design; no 
microbiota data; limiting 

mechanistic interpretation of 
polyphenol effects; absence of 
microbial metabolite profiling.

Single-centre, 
randomised, 
double-blind, 

placebo-controlled 
clinical trial.

Molino et al. 
(2025)117
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Blueberries 
(anthocyanins; total 
phenolics ~32 mg/g; 

polyphenol-rich fruit).

47 adults 
with FGID 

(IBS and/or 
functional 

dyspepsia); 
(age 18–60). 

30 g/day 
freeze-dried 

blueberry 
powder 
(2×15 g), 

equivalent to 
~180 g fresh

14-16 
weeks. 6 

weeks per 
period (2 
periods) 
and 2–4 
weeks of 
wash-out.

Higher proportion with 
abdominal symptom relief vs 

placebo (53% vs 30%, p = 0.03); 
improved OQ45.2 well-

being/function; GSRS total/pain 
trends but NS; stool consistency 

trending to normal.

Excluded antibiotics or 
probiotics within 2 

weeks before or during 
the trial; no initiation 
of new medications 

during study; 
background meds 

otherwise stable/not 
reported.

Limited sample size; no microbiota 
data; carry-over effects; limited 

mechanistic gut-brain axis 
biomarkers.

Randomised 
double-blind 

placebo-controlled, 
crossover clinical 

trial.

Wilder-Smith et al. 
(2023)116

Extracts from Aronia 
melanocarpa (black 

chokeberry) and 
Sambucus nigra 

(elderberry) 
(Fenactive® blend: 

25% total polyphenols; 
15% anthocyanins).

47 adults 
with IBS (age 

18–65).

200 mg/day 
combination 
of probiotics, 

PHGG 5 
g/day and 

(poly)phenol 
blend.

2 months

QoL improved most in the full 
synbiotic+polyphenol group 
(most significant dysphoria 

decrease); ↓TNF-α and ↓GM-
CSF (Groups II/III); ↑total SCFAs 

(Group III vs placebo); stool 
consistency improved (IBS-D 

firmer; IBS-C softer).

Concomitant 
medications not 

detailed.

Limited sample size; placebo 
maltodextrin may not be inert; no 

microbiota data.

Randomised 
double-blind 

placebo-controlled 
clinical trial.

Wierzbicka et al. 
(2025)118

Blend of fermentable 
fibres (oligofructose-

enriched inulin, 
Bimuno® GOS, 

resistant starch) + 
polyphenols (cocoa, 
green tea, blueberry, 
cranberry extracts) in 

snack bars.

26 young 
adults 

(age 17–39).

2 or 4 
bars/day. 14 days

Altitude increased mood 
disturbance; FP did not improve 

cognition; FP attenuated 
altitude-induced anger but 

increased confusion.

Excluded if regular use 
of medication.

Limited sample size; no microbiota 
data; lack of microbial metabolite 

profiling.

Randomised, 
double-blind, 

placebo-controlled 
crossover trial.

Beckner et al. 
(2025)114

Blackcurrant 
anthocyanins (151 mg) 

+ pine bark 
proanthocyanidins 

(part of 308 mg total 
polyphenols).

40 healthy 
females 

(age 18–45).
300 mL/day. 4 weeks

No effect on stress reactivity; 
secondary improvements in 

working memory (letter 
retrieval) and mood 

(tension/anxiety; 
anger/hostility). 

Excluded if medication 
interferes with 

digestive processes 
(e.g., laxatives). 

Limited sample size; lack of 
microbial metabolite profiling.

Randomised, 
double-blind, 

placebo-controlled 
crossover trial.

Gillies et al. 
(2024)113

Anthocyanin-rich 
extract from black 

carrot (Daucus carota). 

50 older 
adults with 
dementia.

300 mg 
anthocyanins 
daily (125 mL 

water).

12 weeks

↑EEG connectivity; no 
significant change in overall gut 
microbiota diversity; genus-level 

trends: ↑Alistipes, 
Streptococcus thermophilus, 

Flavonifractor, and 
↓Hungatella.

Cognitive enhancers 
permitted (Donepezil, 

Rivastigmine, 
Memantine, Ginkgo 

biloba extract, or 
Piracetam).

Lack of a placebo-controlled 
design; small microbiota 

subsample; and absence of 
microbial metabolite profiling.

Single-arm pre-
post exploratory 

pilot.

Muduroglu-
Kirmizibekmez et 

al. (2025)120
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Astragaloside IV 
extract from 
Astragalus 

membranaceus plant.

20 healthy 
adults 

(age 19–27)

Single dose 
150mg. 1 day

↑EEG connectivity:↓delta, 
theta, beta and gamma bands 

and ↑alpha band, ↑alpha/beta, 
↑theta/beta ↓delta/alpha.

Excluded if regular use 
of medication.

Lack of a placebo-controlled 
design; limited sample size; lack of 
microbiota profiling; and absence 
of microbial metabolite profiling.

Single-arm pre-
post exploratory 

pilot.

Muduroglu-
Kirmizibekmez et 

al. (2025)115

Abbreviations: ASD: Autism Spectrum Disorder; EEG: electroencephalography; FP: fibre and polyphenol; FGID: Functional Gastrointestinal Disorders; GIQLI: Gastrointestinal 
Quality of Life Index; GM-CSF: Granulocyte-Macrophage Colony-Stimulating Factor; GSRS: Gastrointestinal Clinical Rating Scale; IBS: irritable bowel syndrome; IBS-C: Irritable 
Bowel Syndrome-Constipation; IBS-M: irritable bowel syndrome-mixed type;  IBS-D: irritable bowel syndrome-into diarrhoea; IBS-SSS: irritable bowel syndrome-severity scoring 
system; IFN-γ: Interferon-γ; MIP-1β, macrophage inflammatory protein-1β (CCL4); OQ45.2 (Outcome Questionnaire 45.2); PB: peanut butter; PHGG (partially hydrolysed guar 
gum); QoL: quality of life; SCFAs: short chain fatty acids; SRP: skin roasted peanuts; TNF: Tumor Necrosis Factor; VLSCFAs: very low short chain fatty acids.
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In parallel, the incorporation of immune profiles119 and 
neurophysiological measures such as electroencephalogram 
(EEG) connectivity115,120 has broadened the range of biological 
indicators explored across different clinical contexts. Existing 
models have primarily been developed in pathophysiological 
or life-stage contexts that differ substantially from the 
climacteric stage of postmenopause. For instance, Gillies et 
al.113 conducted a study in women aged 1845 years, 
representing a hormonal and metabolic context that is not 
representative of the postmenopausal physiological 
environment, where estrogens decline, low-grade 
inflammation increases, and polypharmacy is frequent, all of 
which may affect both the bioavailability and bioactivity of 
(poly)phenols. Thus, these differences underscore the need for 
dedicated studies in postmenopausal women.

4.2. Gut-brain axis outcomes assessed

A thorough examination of the outcomes enumerated in Table 
1 shows that gut-brain axis outcomes have been assessed 
using a broad range of functional, psychological, 
immunological, and neurophysiological endpoints, with 
notable variability across populations and intervention 
designs.

In healthy adult populations, outcomes of the gut-brain 
axis are predominantly evaluated using cognitive and affective 
measures. Interventions based on (poly)phenol-rich foods or 
extracts have been associated with improvements in 
immediate, delayed, or working memory, as well as reductions 
in anxiety, anger, or tension-related mood states.112-114 
However, these endpoints have never been assessed in 
postmenopausal women, despite their heightened 
vulnerability to cognitive and emotional changes. Among these 
studies, Parilli-Moser et al. (2021) provide one of the most 
integrative assessments of the axis, linking cognitive and 
emotional improvements to changes in microbial-derived 
metabolites. Specifically, increased faecal concentrations of 
SCFAs, including acetate, propionate, and butyrate, were 
observed following peanut-based interventions, alongside 
reductions in urinary cortisol levels, supporting a microbiota- 
or gut-brain interaction pathway (Table 1). In contrast, other 
trials in healthy individuals report behavioural or mood-related 
outcomes without accompanying microbial or metabolic 
data.113,114

In populations with IBS and FGID, outcome assessment has 
primarily relied on validated clinical questionnaires capturing 
gastrointestinal symptom severity, abdominal pain, bloating, 
bowel habits, and health-related quality of life.116-118 These 
endpoints are highly relevant for reflecting the functional 
expression of gut-brain dysregulation, although they provide 
limited insight into the underlying biological mechanisms. 
Notably, a symbiotic intervention combining probiotics, 
fermentable fibres, and polyphenols reported improvements 
in quality of life and dysphoria, and also increased total SCFAs 
levels, positioning microbial metabolites as potential 
mediators of symptom improvement in this context.118 
However, these outcomes do not capture the endocrine-
immune interactions characteristic of postmenopause.

Beyond functional and psychological outcomes, some 
studies extend gut-brain axis assessment to immune and 

neurophysiological domains. In children with ASD, 
(poly)phenol intake through an anti-inflammatory diet was 
associated with modulation of systemic immune markers, 
including reductions in the pro-inflammatory cytokine IFN-γ 
and a significant increase in IL-8 and MIP-1β, suggesting an 
immune-mediated gut-brain pathway.119 Similarly, in both 
older adults with dementia and healthy adults, 
supplementation with an anthocyanin-rich black carrot extract 
and Astragaloside IV was linked to increased EEG connectivity 
across multiple frequency bands, indicating central nervous 
system responsiveness to dietary (poly)phenols.115-120 These 
neurophysiological changes occurred without major shifts in 
overall gut microbiota diversity and without concurrent 
assessment of SCFA levels, highlighting both the potential and 
the current mechanistic limitations of such approaches. Such 
neurophysiological markers could be highly informative in 
postmenopausal research, but they remain entirely 
unexplored in this population. Nevertheless, compositional 
changes at the genus level were observed in the Muduroglu-
Kirmizibekmez et al. (2025)120 study, including increases in 
Alistipes, Streptococcus thermophilus, and Flavonifractor, 
accompanied by a reduction in Hungatella, suggesting 
potential links with SCFA metabolism and inflammatory 
regulation. 

Taken together, the results presented in Table 1 show that 
the existing clinical evidence primarily captures the 
downstream or functional manifestations of the gut-brain axis, 
including symptoms, mood, cognition, immune signalling and 
brain connectivity. However, only a limited number of studies 
incorporate microbial-derived metabolites, particularly SCFAs, 
as intermediate biomarkers linking gut and brain responses. 
Inconsistent inclusion of microbial, metabolic and central 
endpoints within the same experimental framework is a major 
gap in the field, limiting our comprehensive understanding of 
how (poly)phenols modulate gut-brain communication. This 
gap is especially limiting in postmenopausal women, whose 
gut-brain axis is shaped by hormonal decline, inflammaging 
and medication use. 

4.3. Gut microbiota and microbial metabolites: a critical 
mechanistic gap.

The gut microbiota and its metabolites are central mediators 
of gut-brain axis communication, as outlined in Sections 1.2 
and 2.2.11,14,63,64 Nevertheless, the clinical trials summarised in 
Table 1 reveal that these mechanisms are rarely addressed in 
human (poly)phenol interventions despite their established 
relevance. This omission is particularly limiting for 
postmenopausal women, whose gut microbial metabolism of 
(poly)phenols is shaped by hormonal decline and medication 
use.91

Across the studies included in Table 1, gut-brain axis 
outcomes are predominantly assessed through functional or 
symptomatic endpoints. In contrast, microbial and metabolic 
intermediates are largely overlooked. Only Parilli-Moser et al. 
(2021) directly quantified microbial-derived metabolites, 
reporting increased faecal SCFAs.112 These findings align with 
evidence that SCFAs support intestinal and blood-brain barrier 
integrity and modulate neuroinflammatory and stress-related 
pathways, yet microbiota composition was not assessed, 
limiting mechanistic resolution.21,66,67 In studies involving IBS 
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and FGID, microbial metabolites, gut microbial composition 
and functionality were not evaluated, except for the symbiotic 
intervention, which reported increased total SCFAs and 
reduced inflammatory cytokines.118 Given that SCFA 
production declines with age and is sensitive to medication, 
their omission in postmenopausal research represents a major 
blind spot.

Beyond SCFAs, none of the trials assessed other 
microbiota-derived molecules known to influence the gut-
brain axis, such as tryptophan metabolites, modified bile acids, 
or low-molecular-weight phenolic derivatives generated from 
dietary (poly)phenols.9,33,65 This omission is particularly 
relevant in postmenopausal health, where hormonal decline, 
inflammaging, and frequent medication use reshape microbial 
metabolism and may alter responsiveness to dietary 
interventions.19,26,27,87 

Overall, there is a significant gap in our understanding of 
the mechanisms by which gut microbiota-derived metabolites 
regulate the gut-brain axis, particularly given their limited 
assessment in current human (poly)phenol trials. Integrating 
analyses of gut microbiota composition and functionality, 
along with its derived metabolite profiling, is crucial for 
elucidating causal pathways and advancing targeted dietary 
strategies for gut-brain health. Notably, this gap becomes even 
more evident in postmenopausal women, for whom no clinical 
research is currently available in this area. Addressing this 
mechanistic gap is essential for developing precision nutrition 
strategies tailored to the physiological and pharmacological 
landscape of postmenopausal women.

5. Conclusions, research gaps, and perspectives 
Menopause is a distinct biological stage in women in which 
hormonal decline, chronic low‑grade inflammation, and 
metabolic alterations increase cardiometabolic risk, anxiety, 
and vasomotor symptoms, thereby contributing to the 
frequent polypharmacy observed during this stage. 
Collectively, these changes remodel gut microbiota 
composition and metabolic activity, shaping immune, 
endocrine, and neural communication pathways that are 
central to the gut-brain axis function. Within this altered 
physiological landscape, the gut microbiota transforms dietary 
(poly)phenols into distinct bioactive metabolites (e.g., urolithin 
A or equol) that may influence cognitive, affective, and 
cardiometabolic resilience. Although this mechanistic 
plausibility is strong, the hypothesis linking (poly)phenols, the 
gut-brain axis, and menopause remains untested in targeted 
human intervention studies.

The still-limited evidence on (poly)phenols and the gut-
brain axis comes primarily from mixed, unhealthy populations 
or younger adults, and only a minority of studies include 
detailed profiling of gut microbial composition, metabolite 
characterisation, or functional pathway analysis. Greater 
mechanistic resolution is needed to identify (poly)phenol-
related gut microbial metabotypes that determine individual 
responsiveness to dietary phenolic precursors and to interpret 
intervention outcomes with precision. A further critical gap is 

the limited consideration of pharmacotherapy. Chronic 
medications commonly prescribed during postmenopause 
substantially modify gut microbial ecology and host molecular 
targets shared with dietary (poly)phenols, yet most dietary 
interventions do not systematically report or control for 
medication use. Incorporating pharmacological profiling is 
therefore essential for understanding gut microbial metabolic 
variability, identifying potential interactions, and accurately 
assessing the effects of dietary interventions.

Future research should integrate dietary (poly)phenols, gut 
microbiota, and pharmacology within the specific physiological 
context of postmenopause. Stratification based on 
(poly)phenol-related microbial metabotypes, such as equol or 
urolithin A producers, together with medication exposure, will 
be necessary to advance personalised health strategies. 
Clinical trials should adopt multi-omics approaches to 
characterise microbial composition, microbial-derived 
metabolites, immune and neuroimmune mediators, bile acid 
signatures, and cognitive and emotional outcomes, explicitly 
evaluating how (poly)phenol-derived metabolites modulate 
gut-brain axis pathways in postmenopausal women. These 
approaches can be strengthened by incorporating repeated 
sampling across the menopausal transition or by using 
crossover interventions, thereby helping to capture steady-
state production of microbial‑derived phenolics. Multi‑omics 
analyses may also benefit from biomarker panels that combine 
circulating microbial‑derived phenolics, bile acid profiles, 
short‑chain fatty acids, and markers of epithelial integrity and 
inflammation, thereby improving mechanistic resolution. 
Given the relevance of estrogen‑dependent microbial 
pathways in this population, incorporating measures of 
estrobolome activity may help clarify how estrogen 
metabolism interacts with (poly)phenol biotransformation and 
downstream neuroendocrine responses. Including 
neurophysiological endpoints, such as markers of blood-brain 
barrier integrity, neuroinflammation, or functional 
connectivity, would further strengthen the link between 
microbial and metabolic changes and brain‑level mechanisms. 
Finally, longitudinal designs may help clarify how the 
menopausal transition reshapes gut microbial function and 
modulates responsiveness to (poly)phenol-based 
interventions, paving the way for precision strategies to 
support long-term health in postmenopausal women.
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