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(Poly)phenols are a group of naturally occurring phytochemicals present in
high amounts in plant food and beverages with various structures and activi-
ties. The impact of (poly)phenols on brain function has gained significant
attention due to the growing interest in the potential benefits of these dietary
bioactive molecules for cognitive health and neuroprotection. This review will
therefore summarise the current knowledge related to the impact of (poly)
phenols on brain health presenting evidence from both epidemiological and
clinical studies. Cellular and molecular mechanisms in relation to the
observed effects will also be described, including their impact on the gut
microbiota through the modulation of the gut-brain axis. Although (poly)phe-
nols have the potential to modulate the gut-brain axis regulation and influence
cognitive function and decline through their interactions with gut microbiota,
anti-inflammatory and antioxidant properties, further research, including ran-
domised controlled trials and mechanistic studies, is needed to better under-
stand the underlying mechanisms and establish causal relationships between
(poly)phenol intake and brain health.
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Dementia is expected to double every 20 years, reach-
ing 152 million by 2050 [1,2]. Despite intensive
research and drug development activities, there
remains only limited drug therapies available to pre-
vent, delay and ameliorate the progression of neurode-
generative disorders. As a result, there is a wide
interest in identifying lifestyle strategies, such as nutri-
tional interventions, to reduce disease risk and mitigate

Abbreviations

dementia prevalence [3,4]. Numerous human observa-
tional studies highlight the benefits of adhering to a
diet rich in plant-based foods, with dietary (poly)phe-
nol intake demonstrated to be particularly influential
upon cognitive function [5-8].

(Poly)phenols are a large and heterogeneous group
of secondary metabolites found in various fruits and
vegetables along with beverages such as tea, coffee and
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(Poly)phenols and brain health

red wine. Epidemiological studies have estimated that
the total (poly)phenol intake in Europe ranges from
584 to 1786 mg-day ' per capita [9]. Structurally, these
natural compounds are classified into flavonoids and
non-flavonoids [10]. Flavonoids are characterised by a
C6-C3-C6 structure and can be further subdivided
based on their chemical complexity into six distinct
subgroups: flavan-3-ols, flavonols, isoflavones, antho-
cyanins, flavones and flavanones (Fig. 1). Non-
flavonoids comprise phenolic acids, lignans, coumarins
and stilbenes [11]. These compounds are produced by
plant metabolism and do not usually exist in free-
from, instead the majority are bound to other mole-
cules such as glycosides or esters of glucose, tartaric
acid and quinic acid [11]. Over the past decades, there
have been significant advances in the field of (poly)
phenols and brain health, encompassing their potential
application in neurodegenerative disorders. Amongst
the most established mechanistic actions, (poly)phenols
have been reported to reduce neuroinflammation,
improve synaptic plasticity, increase cerebral blood
flow, counteract mitochondrial dysfunction, and miti-
gate proteinopathies/excitotoxicity [12]. However, such
processes vary according to the (poly)phenol source,
dosage and bioavailability [12]. Indeed, only a small
fraction of ingested (poly)phenols is absorbed in their
original form due to their chemical structure, solubil-
ity, and the presence of other dietary components. Fol-
lowing limited absorption in the small intestine, (poly)
phenols will primarily be modified in the liver into
Phase I (oxidation, reduction, hydrolysis) and Phase II
(conjugation with glucuronic acid, sulfate, or methyl
groups) metabolites. These hepatic metabolites may
enter the systemic circulation and reach the brain as
they are more bioavailable than their parent com-
pounds. (Poly)phenols that are not absorbed in the
small intestine will reach the colon, where they will be
catabolised by the gut microbiota into smaller phenolic
acids and other metabolites, which will subsequently
enter the bloodstream and eventually cross the blood—
brain barrier and enter the brain [10,11,13]. Given
these developments and our growing understanding of
(poly)phenols in the context of brain health, there is
now considerable interest in improving the transla-
tional potential of these molecules (e.g., establishing
combinations/dosage and tailoring to disease). This
review will, therefore, summarise the current knowl-
edge related to the impact of (poly)phenols on brain
health, presenting evidence from both epidemiological
and clinical studies. Cellular and molecular mecha-
nisms in relation to the observed effects will also be
described, including their impact on the gut
microbiota.

T. Hunt et al.

(Poly)phenol intake, cognitive decline
and dementia: epidemiological
evidence

Epidemiological studies investigating the impact of
(poly)phenols on brain function have gained significant
attention due to the growing interest in the potential
benefits of these dietary bioactive molecules for cogni-
tive health and neuroprotection. These studies have
utilised various methodologies, including dietary
assessments, cognitive tests and longitudinal follow-
ups. Cognitive benefits have been in large part
attributed to specific (poly)phenols [14] and (poly)
phenol-rich foods and beverages [8,15]. In particular,
positive associations between increased consumption
of total flavonoids and episodic memory were reported
in middle-aged adults, and higher intakes of berries
were associated with a reduced rate of cognitive
decline in adults aged 70 and over [16]. Furthermore,
in a 4-5 years follow-up, daily consumption of green
tea, but not coffee or black tea, was associated with a
reduced risk of cognitive decline as assessed by the
Mini-Mental State Examination (MMSE) and Clinical
Dementia Rating (CDR) [17]. Similarly, in a cross-
sectional study, consumption of flavan-3-ol-rich choco-
late, wine, or tea significantly improved cognitive
performance in a dose-dependent manner in older men
and women [18]. Furthermore, in a prospective study
of 1329 participants of the Three Cities (3C) Bordeaux
Cohort with a 12-year follow-up, participants in the
higher quintile of (poly)phenol intake had a 50%
lower risk of dementia (95% CI 20%; 68%, p-trend
< 0.01) compared to low consumers [7]. Results from
the Framingham Heart Study Offspring Cohort also
reported that higher long-term dietary intakes of flavo-
nols, anthocyanin and flavonoid polymers were associ-
ated with lower risks of Alzheimer’s disease
(AD)-related dementia and AD in US adults [19].
Finally, a recent systematic review and meta-analysis
of observational studies has reported an inverse associ-
ation with cognitive impairment and reduced associa-
tion with the incidence of dementia or related
disorders for total flavonoids [relative risk (RR) =
0.83, 95% CI: 0.76, 0.89]. In particular, anthocyanins
(RR = 0.73, 95% CI:0.60, 0.89), flavones (RR =
0.77, 95% CI: 0.63, 0.94), flavan-3-ols (RR = 0.86,
95% CI: 0.82, 0.91) and flavonols (RR = 0.88, 95%
CI: 0.80, 0.96) appeared to be the most beneficial [20].
Although these prospective cohorts provide an initial
indication of cognitive benefits associated with a (poly)
phenol-enriched diet, their use of dementia screening
tests such as the MMSE [21-23] and/or the
ADAS-Cog or the CDR [24] to assess global cognitive
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Fig. 1. A list of the six subclasses of flavonoids and some of their example dietary sources.

abilities rather than full conventional battery tests,
means that they do not provide insights into effects on
specific memory types. Furthermore, while epidemio-
logical studies provide valuable insights into the poten-
tial relationship between (poly)phenol intake and brain
function, it is essential to consider the limitations of
such studies, for example, dietary assessment methods
used, confounding factors, and the possibility of
reverse causation.

Indeed, (poly)phenol intakes are usually self-
reported and strongly influenced by the number of
food items included in food frequency questionnaires
(FFQ). Moreover, using different reference databases,
many of which are very limited in estimating the
(poly)phenol content of foods, may affect the estima-
tion of (poly)phenol content in foods [25]. Addition-
ally, the diverse nature of (poly)phenols and their
varying bioavailability and metabolism make it chal-
lenging to establish causal relationships based solely
on observational studies [10]. Despite these challenges,
epidemiological evidence suggests that higher intake of
(poly)phenol-rich foods may be associated with better

cognitive function and a reduced risk of neurodegener-
ative diseases.

Impact of (poly)phenol interventions
on human cognition: clinical evidence

Human intervention studies investigating the impact of
(poly)phenols on cognition have gained significant
attention in recent years. These studies involve admin-
istering (poly)phenol-rich foods, extracts, or supple-
ments to human participants and assessing their
cognitive function through various measures. Several
of these studies have yielded promising results, sug-
gesting that (poly)phenols may have beneficial effects
on cognition. For example, a recent meta-analysis of
randomised controlled trials investigating flavonoid
effects on human cognition and comprising 5519 par-
ticipants, has reported that (poly)phenol-rich food and
in particular cocoa (g = 0.224, P = 0.036), ginkgo
(g = 0.187, P <0.001) and berries (g = 0.149,
P = 0.009) have significant positive effects on
long-term memory, processing speed and mood in
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middle-aged and older adults [26]. Amongst the flavo-
noids, flavan-3-ol interventions at doses above
520 mg-day ' and over a period of more than 8 weeks
have shown improvements in cognitive tasks. How-
ever, only a few cognitive domains were targeted in
such trials [21,27-29]. On the other hand, doses lower
than 500 mg-day ' have been less successful at achiev-
ing neurocognitive benefits [30-34], although a study
found an improvement in working memory and execu-
tive function in young adults (22-24 years) at intakes
of 500 mg-day~' [35]. This result may be attributable
to the longer treatment period of 2 months [35], with
other studies, intervening either acutely or for periods
ranging from 5 to 30 days [30-34]. It is noteworthy
that some studies described improvements in cerebral
blood flow (CBF) parameters [32] or activation of
brain regions when performing a cognitive task (but
no behavioural effects) using either a steady state
probe topography [31] or functional magnetic reso-
nance imaging [28,30,36]. Maintaining CBF is essential
to allow the supply of nutrients and oxygen to cells
and to remove toxic waste products produced during
cell metabolism. CBF has been shown to gradually
decline as an individual ages and is linked to neuro-
cognitive decline and a marked decline in dementia
patients [37]. Varying (poly)phenol sources (cocoa,
cranberry and epigallocatechin gallate) have been
reported to increase CBF [32,38] leading to improved
cognitive outcomes. For example, acute flavan-3-ol-
rich cocoa intake (8.3 g per individual dose) was
reported to improve cognitive function and efficiency
in blood oxygenation in frontal cortical areas of young
healthy subjects during hypercapnia [39]. In addition,
flavan-3-ol rich chocolate (635 mg) was reported to
enhance the efficient use of cognitive resources and to
reduce the cost of brain activity during continuous
and effortful tasks [40]. Similarly, chronic consumption
of flavan-3-ol-rich cranberries (Vaccinium macrocar-
pon) for 12 weeks improved episodic memory and
regional brain perfusion in healthy older adults
(50-80 years) [38]. Interestingly, a recent study
reported that older adults with lower diet quality and
lower habitual flavan-3-ol consumption showed lower
hippocampal-dependent memory, suggesting that low
flavan-3-ol consumption may also act as a driver of
cognitive ageing [41].

Using a higher dose (approximately 900 mg-day ')
for a shorter period of treatment (6 weeks) did not
result in improvements in either episodic and recogni-
tion memory or executive function [42]. These observa-
tions suggest that a treatment duration of at least
2 months and a dose greater than 520 mg-day ' is
necessary to exhibit beneficial cognitive impacts in

T. Hunt et al.

human trials [21,27,28,35]. However, caution should be
taken regarding extrapolation and interpretation of the
data as the trials published to date focus mainly on
object recognition memory, semantic memory and
executive function. Other domains, such as short-term
working memory and episodic memory, known to be
hippocampal-dependent and affected by age and
age-related neurodegenerative diseases, were rarely
investigated.

Relative to flavan-3-ols, lower doses of anthocyanins
have been shown to improve neurocognitive deficits.
For instance, 226 mg-day ' of anthocyanins provided
as Concord grape juice [36,43] over 12-16 weeks
improved episodic memory in elderly healthy and mild
cognitive impaired patients, although other studies did
not observe an improvement following a higher acute
intake (700 mg-day ') of Concord grape juice in youn-
ger adults (18-50 years) [44]. Only implicit memory
was assessed in these studies; therefore, the impact of
intervention on other cognitive domains cannot be pre-
cluded. Similarly, an acute dose of blueberry in chil-
dren aged 8-10 years failed to provide a beneficial
effect on working memory and executive function [45].
However, healthy older individuals aged 65-80 years
receiving 26 g of freeze-dried wild blueberry powder
(302 mg anthocyanins) showed enhanced immediate
recall on the auditory verbal learning task along with
better accuracy on a task-switch task [46]. Further-
more, chronic consumption (6 months) of a (poly)
phenol-rich extract from grape and blueberry
(600 mg-day ", 235 mg flavonoids) improved visuospa-
tial learning and episodic memory in a subgroup of
healthy elderly subjects (60-70 years old) with
advanced cognitive decline [47]. Additionally,
anthocyanin-rich Aronia melanocarpa extract (90 mg)
for 24 weeks improved psychomotor speed in
middle-aged individuals at risk of cognitive decline [48]
(Table 1).

Flavonols derived from Ginkgo biloba EGb761
extract, at doses between 120 and 240 mg-day ',
showed neurocognitive benefits in healthy adults
[49,50] or AD patients [51,52]. However, it is notewor-
thy that the treatment period of 6-24 weeks was much
longer than previously mentioned studies using
between 172 and 250 mg-day ' of cocoa flavan-3-ols
[30,31,33,34], highlighting the likely crucial role of the
duration of intervention in human efficacy trials. In
contrast, a flavonol dose of 500 or 1000 mg-day ' over
12 weeks failed to observe a beneficial impact of quer-
cetin in healthy middle-aged patients [53]. The appar-
ent lack of consistent benefits following (poly)phenol
intervention might result from the participant’s cogni-
tive status at baseline, with the majority conducted in
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healthy individuals. Participants with mild cognitive
impairment (MCI), mild to moderate AD or vascular
dementia appear to show more pronounced cognitive
benefits following (poly)phenol treatment for at least
12 weeks and up to 24 weeks [52,54,55]. Therefore,
when conducting (poly)phenol interventions, careful
consideration should be given to the participants’ cog-
nitive status and overall phenotype, along with their
lifestyle habits and dietary intake. In particular, con-
sideration should be given to the use of a high (poly)
phenol intake as an exclusion criterion as these indi-
viduals are not representative of the general popula-
tion, and a high baseline status is likely to result in a
null response to intervention. Finally, the lack of con-
sistent and accurate description of memory forms tar-
geted and assessed, as well as the use of isolated rather
than a panel of cognitive tasks, is likely to contribute
to inaccurate interpretation of the results and to
inter-study inconsistencies. Some important memory
domains which are impaired by ageing, as well as in
pathological conditions such as MCI and AD, are
under-represented or not explored [56]. Conclusions
using terms such as ‘“neurocognitive benefits”,
“improves memory function” or “rescues cognitive
benefits” are often drawn based on only a few cogni-
tive tests performed, while test batteries would provide
a better overview of general cognitive function in
response to intervention. Overall, human intervention
studies provide compelling evidence for the potential
cognitive benefits of (poly)phenols. However, it is
important to note that further research is needed to
understand the mechanisms underlying these effects
and to determine the optimal doses and sources of
(poly)phenols for better cognitive health (Table 1).

Mechanisms of action

(Poly)phenols as antioxidants or signalling
molecules?

(Poly)phenols have been posited as antioxidant agents
due to their electron-donor capacity from the phenolic
groups [57,58]. However, their plasma concentration is
far lower than endogenous antioxidant molecules (e.g.
glutathione, vitamin C and E, etc). Instead, it has been
demonstrated that their protective activities could
derive from an indirect modulation of cellular signal-
ling pathways that mediate cell function in both physi-
ological and pathological conditions [11,13,59]. For
example, (poly)phenols and their metabolites can stim-
ulate the antioxidant response element (ARE) that
encodes cytoprotective proteins such as antioxidant
enzymes (AOE). The activation of ARE is induced by
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the binding with Nrf2, which is promoted by (poly)
phenols and their stimulation of the extracellular
signal-regulated kinase 1/2 (ERK 1/2) and protein
kinase C (PKC) [60]. In addition, (poly)phenols have
also been associated with the activation of ERK 1/2
and subsequent CREB activation, which induce the
nuclear transcription of brain-derived neurotrophic
factor (BDNF) [61-63]. BDNF is an important factor
that stimulates protein synthesis in the brain and syn-
aptic plasticity, influencing thus learning and memory
formation [64]. (Poly)phenols not only induce the
expression of AOE and neurotrophic factors but also
reduce the synthesis of pro-inflammatory cytokines
through the inhibition of the nuclear factor kB
(NF-kB) [65]. NF-kB can also be inhibited via the
indirect activation of the protein sirtuin-1 (SIRT1) by
(poly)phenols  through  phosphodiesterase (PDE)
enzymes. Furthermore, (poly)phenols are able to mod-
ulate the p38 mitogen-activated protein kinase (p38
MAPK) and Jun amino-terminal kinases (JNK), two
key protein kinases which regulate the expression of
the tumour necrosis factor o (TNF-a), inducible nitric
oxide synthase (iNOS) and cyclooxygenase 2 (COX-2)
[66-68]. With these mechanisms, (poly)phenols block
the production of reactive oxygen species, interleukin
1B (IL-1B), nitric oxide (NO), thereby reducing neu-
roinflammation and triggering an anti-inflammatory
response within the brain (Fig. 2). For example, green
tea catechins have been reported to reduce the produc-
tion of iNOS and the expression of pro-inflammatory
markers (NFkB, IL6, TNF) therefore alleviating
inflammation in the CNS [69]. Furthermore,
(—)-epicatechin (1 mg-kg™' per day for 4 weeks) was
reported to repress the activation of microglia and
astrocytes therefore reducing the levels of pro-
inflammatory mediators (TNF-o, IFN-y, IL-1B) as
well as promoting the secretion of anti-inflammatory
cytokines (IL-10 and IL-11) in the hippocampus from
ageing mice [70]. In LPS-induced mice, hesperetin
(50 mg-kg™" of body weight for 5 weeks) was found to
improve behavioural disorders and to suppress astro-
cyte and microglia activation via inhibiting the protein
expression of TLR4 [71].

Beyond flavonoids, low molecular weight (LMW)
phenolic acids derived from microbial catabolism of
(poly)phenols, endogenous metabolism (e.g. dopamine
derived DOPAC and homovanillic acid) and/or food
matrix (e.g. ferulic acid, caffeic acid) have recently
received attention in the context of neuroinflammation
[72]. Although most of the current research has been
conducted in vitro using glial and activated microglial
cells, with limited evidence from animal or human
studies, the main molecular targets of the LMW (poly)
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Fig. 2. Mechanisms of dietary polyphenols and their metabolites on the brain and the immune response proposed for their observed effects
on systemic health. The antioxidant response mechanism shows increased protein kinase C (PKC) and extracellular signal-regulated kinase
1/2 (ERK 1/2) stimulation by binding to NRF2 and subsequent activation of antioxidant enzymes (AOE). Increased ERK 1/2 activation and
CREB activation induce the nuclear transcription of the brain-derived neurotrophic factor (BDNF), increasing the protein synthesis in the
brain and the synaptic plasticity, improving learning and memory formation. Polyphenols also reduce the synthesis of pro-inflammatory
cytokines by inhibiting nuclear factor kB (NF-kB) directly and indirectly by inhibiting protein sirtuin-1 (SIRT1). Polyphenols also modulate p38
mitogen-activated protein kinase (p38 MAPK) and Jun amino-terminal kinases (JNK). These two kinases regulate the expression of tumour
necrosis factor o (TNF-a), inducible nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-2).

phenol metabolites include: (a) the inhibition of
inflammatory cytokines, including TNF-a, IL-18, IL-6;
(b) the inhibition of iNOS and subsequent nitric oxide
(NO) production as a response to glial activation; (c)
the downregulation of COX-2 and downstream prosta-
glandins; and (c) a downregulating NF-kB through the
modulation of glial and neuronal signalling pathways
(see Carregosa et al. for an extensive review [73]).

Interindividual variability in (poly)phenols
metabolism

One of the main issues in understanding and exploiting
the potential of (poly)phenols in the prevention of neu-
rodegenerative diseases is the heterogeneity which
exists within the individual response to their consump-
tion. Such variations mainly originate from differences

in the bioavailability and metabolism of (poly)phenols
[74,75] and are influenced by several factors such as
personal characteristics (sex, age, ethnicity), lifestyle
factors (diet, smoking, physical activity), (patho)physi-
ological status, genetic background and gut microbiota
composition and metabolism [76,77]. These factors
affect the processes involved in the absorption, distri-
bution, metabolism and excretion (ADME) of (poly)
phenols, therefore having a role in determining the
amount and type of phenolic metabolites in the circu-
lation. For instance, recent studies have investigated
the existence of metabolic phenotypes (aka metabo-
types) defining different clusters of individuals based
on differences in excreted amount and profile of (poly)
phenols ADME [78-80]. Controlling individual differ-
ences through metabotyping approaches may, there-
fore, contribute to understanding the drivers of the
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existing variabilities and help devise stratified/persona-
lised strategies to delay the onset of neurodegenerative
diseases [81].

(Poly)phenols as modulators of the
gut-microbiota-brain axis

Only 5-10% of dietary (poly)phenols are absorbed in
the small intestine, and the remaining accumulate in
the colon, where they undergo deconjugation and deg-
radation by the microbiota before being absorbed [82].
Once absorbed, phenolic compounds undergo phase 11
enzymatic metabolism to increase their hydrophilicity
and be excreted through urine [10]. (Poly)phenols are
metabolised by the microbiota into phenolic acids,
which are absorbed as bioactive compounds that have
many beneficial properties for the host. For example,
anthocyanin metabolism produces protocatechuic acid
(PCA), which has been reported to exert neuroprotec-
tive actions [83]. Other metabolites derived from
anthocyanin conversion are, hippuric, phenylacetic,
and phenylpropenoic acids, which were shown to mod-
ulate vascular reactivity and to reduce the expression
of inflammatory mediators [84]. Cocoa flavan-3-ols are
primarily converted into phase 2 metabolites,
phenyl-y-valerolactones (many different forms exist)
and phenylvaleric acids, but only secondarily into phe-
nylpropioic and benzoic acids [85,86]. Interestingly,
polar compounds such as phenyl-y-valerolactones and
benzoic acids have been reported to cross the blood—
brain barrier and locate into the brain [87,88].

Several studies have suggested that (poly)phenols
can modulate the gut microbiota composition, improve
gut barrier function, and exert anti-inflammatory
effects, thereby influencing the gut-brain axis (GBA)
regulation, a complex bidirectional interaction between
the central nervous system (CNS), the autonomic ner-
vous system (ANS), the enteric nervous system (ENS)
and the hypothalamic pituitary adrenal (HPA) axis
[89]. The mechanisms underlying this communication
include the regulation of bile acids homeostasis, intesti-
nal inflammation and brain functioning through the
synthesis of neurotransmitter precursors along with the
production of many other gut-derived metabolites
(indoles, cresols, TMA, etc.) [90]. For example, (poly)
phenols can interact with the gut microbiota, leading
to the production of metabolites such as short-chain
fatty acids (SCFAs) and neurotransmitters, which can,
in turn, affect brain function and behaviour [91]. In
particular, (poly)phenols have been shown to promote
the growth of beneficial gut bacteria such as Lactoba-
cillus, Bifidobacterium, Akkermansia, Roseburia, and
Faecalibacterium spp. while inhibiting the growth of
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harmful bacteria [92]. By maintaining a healthy bal-
ance of gut microbiota, (poly)phenols may help reduce
inflammation and oxidative stress in the gut, contribut-
ing to improved cognitive function and a lower risk of
cognitive decline [93]. For example, (—)-epicatechin
was reported to mitigate anxiety-related behaviour by
restoring aberrant Lactobacillus and Enterobacter
abundances triggered by a high-fat diet and by increas-
ing hippocampal BDNF, as well as restoring the glu-
cocorticoid receptor, the mineralocorticoid receptor
and 11B-hydroxysteroid dehydrogenase type 1 (11pB-
HSD1) expression [94]. Furthermore, quercetin-3-O-
glucuronide (50 mg-kg™') alleviated cognitive deficit
and toxicity in amyloid beta (1-42)-induced AD-like
mice through modulation of the gut microbiota and
increase in SCFA production [95].

Conclusion

(Poly)phenols have the potential to modulate the
gut-brain axis regulation and influence cognitive func-
tion and decline through their interactions with gut
microbiota and their anti-inflammatory and antioxi-
dant properties. Incorporating (poly)phenol-rich foods
into the diet may be a promising strategy for maintain-
ing brain health and reducing the risk of cognitive
decline. However, long-term human studies assessing
the impact of chronic (poly)phenol intake on cognitive
function across the lifespan and the progression of
neurodegenerative diseases are still lacking. In addi-
tion, intervention trials determining the optimal doses
and forms of (poly)phenols for neuroprotection and
cognitive enhancement, along with their underlying
molecular mechanisms (genomics, proteomics, metabo-
lomics) for optimal intake levels would be necessary
before health claims and/or recommended daily intake
could be made. Furthermore, the role of genetic and
epigenetic factors in individual responses to (poly)phe-
nol consumption should be further explored along
with the potential differential effects of (poly)phenols
based on sex, ethnicity, and other demographic factors
at the community and population levels. By addressing
these areas, future research can provide a more com-
prehensive understanding of how (poly)phenols may
contribute to brain health and pave the way for effec-
tive and personalised dietary strategies to enhance cog-
nitive function and prevent cognitive decline.
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