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Abstract

Most dementias are preceded by mild cognitive impairment (MCI), a transitional clinical
stage characterized by cognitive decline that does not yet significantly interfere with activi-
ties of daily living. Obesity and diabetes are among the major risk factors for MCI and are
strongly associated with unhealthy lifestyle patterns. The growing global prevalence of
obesity has intensified the need for effective dietary strategies that promote both weight
control and neuroprotection. Red fruits, which are rich in bioactive compounds such as
anthocyanins, have demonstrated potential roles in modulating metabolic pathways and
cognitive function. This systematic review aimed to identify and synthesize evidence
from human studies published over the past two decades that examined the effects of red
fruit consumption on obesity-related mechanisms and cognitive outcomes, as well as its
influence on key neurodegenerative biomarkers, including TAU protein, 3-amyloid, and
neurofilament light chain. A systematic search was conducted in major scientific databases
to identify human clinical trials evaluating the metabolic and neuroprotective effects of
berry-derived compounds. Eligible studies were screened for outcomes related to cogni-
tive performance, obesity-related parameters, and relevant molecular biomarkers. The
included studies reported modest improvements in cognitive domains, with the most con-
sistent effects observed in memory-related outcomes. Berry-derived bioactive compounds
demonstrated potential in attenuating TAU protein hyperphosphorylation and reducing
-amyloid accumulation; however, the available evidence remains limited and requires
further confirmation. Human clinical studies remain scarce, and although some trials re-
ported favorable metabolic effects, these findings are still inconclusive. Reported outcomes
included improvements in insulin sensitivity, regulation of leptin levels, and modulation of
the gut-brain axis, which may collectively contribute to a reduced risk of obesity. Based
on the studies evaluated in this review, there remains a limited number of human clinical
trials that robustly support the neuroprotective and complementary metabolic effects of
berry-derived bioactive compounds. Nevertheless, the available evidence suggests that
dietary strategies incorporating wild fruits rich in polyphenols may represent a promising
complementary approach for the prevention of mild cognitive impairment (MCI) and
obesity, with potential implications for reducing the risk of dementia progression.
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1. Introduction

Over the past few decades, the concept of mild cognitive impairment (MCI) has been
refined to describe a transitional stage between normal age-related cognitive decline and
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dementia. Individuals with MCI exhibit cognitive deficits that exceed those expected for age
and educational background but do not meet the diagnostic criteria for dementia [1,2]. This
condition involves measurable impairments in one or more cognitive domains, including
memory, language, attention, executive function, social cognition, or visuospatial abilities,
while functional independence in daily life is largely preserved. MCI can be classified
into subtypes—amnestic or non-amnestic, single-domain or multidomain—based on the
pattern of cognitive involvement. Among these, the amnestic subtype, characterized
predominantly by memory impairment, is particularly associated with an increased risk of
progression to Alzheimer’s disease dementia (AD) [3].

The clinical course of MCI is heterogeneous: some individuals may revert to normal
cognitive function, others remain cognitively stable over time, and a proportion progress
to dementia. The risk of progression is significantly higher in individuals diagnosed with
MCI than in age-matched cognitively unimpaired populations. As a result, differentiating
MCI from both normal age-related cognitive changes and established dementia remains
challenging, complicating accurate diagnosis and the interpretation of its clinical signifi-
cance [4]. In this review, we focus on studies investigating the potential of berry-derived
bioactive compounds to delay cognitive decline, with particular emphasis on the inter-
actions among cognition, obesity, metabolic dysregulation, and inflammatory pathways
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Figure 1. Neuroprotective effects from berries. Schematic illustration summarizing the main neu-
roprotective mechanisms associated with berry consumption. The figure was created by the au-
thors using Canva (Canva Pty Ltd., Sydney, Australia, 2025, accessed on 12 November 2025, from
https:/ /www.canva.com).

1.1. Mild Cognitive Impairment (MCI)

Cognition comprises multiple mental abilities affected by aging and environmental
factors, including memory, attention, language, processing speed, and executive func-
tion. While some domains, such as vocabulary, are preserved or may improve, others—
particularly memory, abstract reasoning, and processing speed—decline with age [5]. Im-
portantly, cognition extends beyond memory alone, involving a broad range of interrelated
cognitive processes.
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A 2024 study of over 26,000 older adults identified five data-driven MCI subtypes,
with mixed MCI showing the highest risk of progression to dementia. These empirical
classifications outperformed traditional diagnostic approaches in predicting Alzheimer’s
disease [6]. Longitudinal evidence indicates that the annual conversion rate from MCI to
dementia ranges from approximately 5% to 17%, and as global life expectancy continues
to increase, the incidence of dementia is rising substantially [7]. Figure 2 illustrates the
trajectory from MCI diagnosis to cognitive decline and the associated risk of dementia.

Cognitively normal
individual

Figure 2. Evolution of MCI to dementia. Al-generated authorship with adaptations. Canva Platform,

on 24 September 2024. (A) The person presents behavioral assessment scores within the normal
range and without self-description of subjective cognitive decline. (B) A person diagnosed with MCI
presents cognitive changes that influence daily life activities and functionality. (C) A person with
dementia diagnosed through medical evaluation, presenting impairment of executive and higher
cortical functions, with progressive MCI. MCI: mild cognitive impairment.

Characterized by subjective cognitive complaints, objective cognitive deficits, and
preserved daily functioning, mild cognitive impairment is diagnosed through clinical
evaluation and standardized instruments. Although multiple diagnostic criteria exist, they
differ in their emphasis on memory versus multidomain impairment and on the source
of subjective complaints. This concept is central to understanding neurodegenerative
disease progression and identifying individuals at high risk for dementia and candidates
for intervention [8]. Subtyping of MCI based on empirical data has clarified its clinical
heterogeneity by identifying distinct forms, including amnestic and mixed MClI-severe,
each associated with different risks of progression to dementia [9].

Mild cognitive impairment (MCI) is a pathological stage of cognitive decline beyond
normal aging and is considered a distinct diagnostic entity. Original criteria emphasized
subjective memory complaints, objective memory impairment, preserved global cognition
and daily functioning, and absence of dementia. These criteria reflect the view of MCI as a
prodromal phase of Alzheimer’s disease marked by early memory decline [10].

Recognized as an intermediate clinical stage, mild cognitive impairment is character-
ized by cognitive decline greater than expected for age while daily functioning remains
largely preserved, and it often represents a prodromal phase of Alzheimer’s disease (AD).
Approximately 40-75% of cases progress to AD, with annual conversion rates of 10-15%,
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although some individuals remain stable or revert to normal cognition. Positioned between
healthy aging and dementia, this stage offers a critical window for early intervention and
prevention strategies [11-14].

Individuals with MCI frequently exhibit neuropathological changes that resemble
those observed in Alzheimer’s disease (AD) and related dementias, although typically
to a lesser extent. Evidence from postmortem analyses in this population has demon-
strated characteristic alterations consistent with early neurodegenerative processes, such as
hallmark AD-related pathological features [15]:

o Aggregates of 3-amyloid protein in the form of extracellular plaques and abnormal
intracellular accumulations of hyperphosphorylated TAU protein, resulting in neu-
rofibrillary tangles—hallmark pathological features of Alzheimer’s disease.

e  Microscopic inclusions known as Lewy bodies, which are classically associated with
Parkinson’s disease and dementia with Lewy bodies and are also observed in a subset
of Alzheimer’s disease cases.

e  Cerebrovascular alterations, including small infarcts and reduced cerebral perfusion,
underscoring the contribution of vascular pathology to cognitive decline in MCI.

Neuroimaging investigations have further identified structural and functional alter-
ations associated with mild cognitive impairment (MCI), including;:

e  Reduced hippocampal volume, a structure critically involved in memory formation
and consolidation.

e  Enlargement of the cerebral ventricles, reflecting progressive brain atrophy.

e  Reduced cerebral glucose metabolism in specific cortical regions, indicating decreased
availability and utilization of the brain’s primary energy substrate.

The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5),
classifies dementia under the term Major Neurocognitive Disorder, which is characterized
by a significant decline in memory and other cognitive domains that is sufficient to com-
promise independence in activities of daily living. The condition is marked by progressive
cognitive deterioration, and affected individuals commonly present memory impairment
with limited awareness of their deficits [16].

The development of mild cognitive impairment (MCI) is influenced by both non-
modifiable factors, such as age and genetic predisposition, and modifiable factors, includ-
ing low education, sedentary lifestyle, poor nutrition, alcohol use, socioeconomic disad-
vantages, and limited social engagement. Comorbid conditions—particularly metabolic,
cardiovascular, neurological, and psychiatric disorders—along with brain injury, chronic
inflammation, medication exposure, and genetic markers such as APOE polymorphisms,
also contribute to MCI risk [17].

Recognizing age-related cognitive changes is essential for distinguishing normal aging
from pathological decline and identifying opportunities for prevention and intervention.
Even in the absence of dementia or MCI, subtle cognitive changes may occur with aging and
should be considered when differentiating physiological from pathological processes [5].

1.2. Obesity and MCI

The World Obesity Atlas 2024 highlights obesity as a global public health challenge
with substantial health consequences across all regions, particularly in low- and middle-
income countries (LMICs). Currently, approximately 79% of adults and 88% of children
living with overweight or obesity reside in LMICs, where the burden of obesity-related
diseases is disproportionately high. In these settings, obesity is a major driver of premature
disability and mortality due to its strong associations with type 2 diabetes, cardiovascular
disease, and several cancers. The report further indicates that 78% of global deaths and
80% of disability-adjusted life years (DALYs) attributable to elevated body mass index
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occur in LMICs, compared with 22% and 20%, respectively, in high-income countries.
These disparities underscore critical gaps in healthcare infrastructure, preventive strategies,
and access to adequate nutrition. Moreover, the Atlas links rising obesity prevalence to
broader environmental and societal pressures, emphasizing the roles of rapid economic
development, urbanization, and environmental degradation. Collectively, these findings
reinforce that obesity extends beyond an individual health issue, representing a systemic
challenge shaped by socioeconomic and environmental determinants and requiring inte-
grated, multisectoral responses encompassing public health policy, food system reform,
and healthcare system strengthening [18].

Obesity is defined as the excessive accumulation of body fat, which may occur with
or without alterations in fat distribution or adipose tissue function. Its etiology is complex
and multifactorial, involving biological, environmental, and behavioral determinants that
remain only partially understood. When excess adiposity results in systemic metabolic
and inflammatory consequences, the condition is classified as clinical obesity—a chronic
disease that impairs the normal functioning of organs, tissues, and overall physiologi-
cal homeostasis.

Preclinical obesity refers to a stage characterized by excess adiposity in the absence
of overt tissue or organ dysfunction, while conferring an increased risk of progression to
clinical obesity [19].

The association between obesity and cognitive function has been increasingly doc-
umented in epidemiological studies. Yuan et al. [20] reported a prevalence of 18.5% for
the association between obesity and mild cognitive impairment (MCI), with a significantly
elevated risk observed only among men aged 75 years or older with high body mass
index (BMI). No clear association was identified in men aged 60-75 years or in women over
60 years of age. Similarly, Quaye [21], in a large cohort study involving nearly 29,000 partici-
pants, demonstrated that obesity was associated with lower baseline cognitive performance;
however, the effect of obesity on cognitive decline was attenuated after adjustment for
cardiometabolic factors, including blood pressure and fasting glucose levels.

Despite obesity being a global public health challenge affecting approximately 38% of
adults and nearly one in five children and adolescents, dietary imbalance remains an equally
critical concern. A substantial proportion of the population follows dietary patterns that
are low in antioxidants, polyphenols, and omega-3 fatty acids—nutrients that play essential
roles in maintaining optimal brain function. Deficiencies in these dietary components may
increase vulnerability to mood disorders and cognitive decline across the lifespan [22].
Evidence further suggests that interventions targeting obesity, including bariatric surgery
and well-structured nutritional strategies, can lead to improvements in cognitive outcomes
and reduce the risk of developing neurodegenerative diseases. Accordingly, effective
management of obesity and its associated metabolic disturbances, particularly during
midlife, may represent a valuable strategy for reducing the risk or delaying the onset of
cognitive decline and dementia [23].

Obesity and Damage to Cognitive Functions

Obesity exerts systemic effects on multiple organs and is a major contributor to
overall health deterioration. Within the central nervous system, excess adiposity has
been associated with a range of homeostatic disruptions, including increased oxidative
stress, neuroinflammation, protein misfolding and aggregation, mitochondrial dysfunction,
hormonal dysregulation, insulin resistance, and compromised integrity of the blood-brain
barrier (BBB) [24]. Collectively, these mechanisms—together with alterations in the gut-
brain axis—underscore the multifaceted impact of obesity on neural function, as illustrated
in Figure 3.
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Figure 3. Effects of obesity on neurodegenerative diseases. Author himself. BBB: blood-brain barrier;
CNS: central nervous system.

Importantly, obesity that develops early in life—particularly diet-induced obesity
(DIO)—can exert long-lasting effects through the reprogramming of the innate immune
system, even after metabolic abnormalities are corrected. One illustrative mechanism
involves stearic acid, which, through activation of Toll-like receptor 4 (TLR4), induces
chromatin remodeling that increases the accessibility of activator protein-1 (AP-1) binding
sites. This epigenetic reprogramming shifts myeloid cell energy metabolism from oxidative
phosphorylation toward glycolysis, thereby promoting the enhanced production and
release of pro-inflammatory cytokines [25].

The alterations described above, together with the recognition of obesity as a state
of chronic low-grade inflammation, establish a strong association between obesity and
neurodegenerative disorders, including Alzheimer’s disease (AD), multiple sclerosis (MS),
and Parkinson’s disease (PD).

The inflammatory state associated with obesity is largely driven by dysfunctional
adipose tissue, which disrupts the secretion of cytokines and adipokines and promotes
the recruitment of immune cells, such as macrophages and lymphocytes. In this context,
insulin-resistant adipocytes release increased levels of circulating free fatty acids, which
can activate Toll-like receptor 4 (TLR4) signaling in immune cells, including B lymphocytes.
Activation of this pathway triggers the nuclear translocation of nuclear factor kappa B
(NF-kB), a key transcription factor that amplifies the production of pro-inflammatory
mediators, such as tumor necrosis factor-alpha (TNF-«) and interleukin-6 (IL-6) [26], while
concurrently downregulating the expression of anti-inflammatory adipokines, including
adiponectin [27].

A potential explanation for reduced adiponectin levels in obesity involves epigenetic
mechanisms. Specifically, hypermethylation of promoter regions within the adiponectin
gene, including the R2 site, mediated by enzymes such as DNA methyltransferase
1 (DNMT1), promotes heterochromatin formation. This epigenetic modification suppresses
adiponectin gene transcription, thereby contributing to decreased adiponectin expression
in obesity [28].

Adipsin, also known as complement factor D, plays a pivotal role at the interface
of immune regulation, adipose tissue biology, and metabolic homeostasis. In addition to
initiating the alternative complement pathway, adipsin contributes to adipogenesis and
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supports pancreatic 3-cell function and insulin secretion. Elevated circulating adipsin levels
have been associated with obesity, vascular dysfunction, and cardiovascular complications;
however, accumulating evidence also indicates protective effects on (3-cell survival and
glycemic regulation. This apparent duality underscores the relevance of adipsin as both a
potential biomarker and a therapeutic target. Importantly, its context-dependent effects
must be carefully considered when evaluating adipsin-targeted interventions. Modulation
of adipsin-related pathways may represent a novel strategy for cardiometabolic disease
management, although further mechanistic and long-term studies are required to clarify its
safety, efficacy, and clinical applicability. Collectively, adipsin emerges as a key adipokine
with significant translational potential in metabolic and cardiovascular medicine [29].

Analogous to the role of adipsin in metabolic regulation, bioactive dietary compounds—
particularly polyphenols—exert significant effects on both metabolic and brain function.
These effects are mediated through interactions with key cellular and molecular path-
ways within the central nervous system (CNS). Importantly, the neuroprotective potential
of polyphenols depends on their ability to cross the blood-brain barrier and accumu-
late in brain tissue, where they can support neuroplasticity and contribute to cognitive
enhancement [30].

BBB disruption: Obesity-driven neuroinflammation can compromise the integrity
of the blood-brain barrier (BBB), facilitating the infiltration of peripheral immune cells
into the brain and promoting microglial activation. This inflammatory cascade amplifies
immune responses within the central nervous system (CNS) and has been associated with
an increased risk of mild cognitive impairment (MCI) [31].

Adipocytes: hyperplasia and hypertrophy: Adipose tissue has been recognized as a
source of neurotrophic factors, including nerve growth factor (NGF) and brain-derived neu-
rotrophic factor (BDNF), both of which play important roles in the regulation of metabolic
activity and immune function. In obesity, alterations in the expression and signaling of
these molecules have been reported, along with hyperleptinemia and an increased density
of mast cells within subcutaneous abdominal adipose depots [32]. Under physiological
conditions, adipose tissue supports essential biological processes through tightly regulated
autocrine, paracrine, and endocrine signaling pathways [33].

Obesity induces a persistent, low-grade inflammatory state driven by chronic
expansion and dysfunction of adipose tissue, which in turn promotes widespread
metabolic disruption. Hypertrophic adipocytes and infiltrating immune cells—particularly
macrophages—secrete pro-inflammatory mediators such as tumor necrosis factor-alpha
(TNF-«), interleukin-6 (IL-6), and interleukin-1 beta (IL-1f3), thereby sustaining systemic
inflammation. These cytokines impair insulin signaling through activation of pathways
including nuclear factor kappa B (NF-kB) and c-Jun N-terminal kinase (JNK), contributing
to the development of insulin resistance and type 2 diabetes. This chronic inflammatory
environment is further characterized by dysregulated adipokine release, which mediates
both the initiation of inflammation and the progression of insulin resistance, thereby linking
excess adiposity to metabolic dysfunction [34]. Collectively, these mechanisms underscore
meta-inflammation as a critical therapeutic target, and interventions aimed at modulating
adipose tissue-driven inflammation—through lifestyle, nutritional, or pharmacological
strategies—may substantially mitigate obesity-related metabolic risk, particularly in the
context of the rising global prevalence of obesity [35]

Central nervous system inflammation: Although the central nervous system is a highly
regulated environment primarily protected by the blood-brain barrier (BBB), accumulating
evidence indicates that this structure is dynamic rather than static. The BBB actively
regulates the transport of ions and nutrients, restricts exposure to circulating toxins, and
controls immune cell trafficking, thereby maintaining cerebral homeostasis. However,
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BBB integrity is susceptible to disruption in a range of neurological conditions, including
neurodegenerative disorders and stroke, where barrier dysfunction can exacerbate disease
pathology. Understanding BBB heterogeneity and context-dependent alterations is therefore
critical, as these features influence disease progression and contribute to the limited efficacy
of many neurological therapeutics. Moving beyond the simplistic dichotomy of an “open
versus closed” BBB toward a more nuanced, functional model is essential for advancing
the development of accurate diagnostic tools and targeted therapeutic strategies aimed at
restoring or modulating barrier function [36].

Chronic low-grade inflammation associated with obesity establishes a sustained pro-
inflammatory milieu that increases susceptibility to long-term metabolic disorders, particu-
larly type 2 diabetes. In this context, dysfunctional adipose tissue releases elevated levels of
pro-inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-«) and interleukin-6
(IL-6), which disrupt insulin signaling pathways and contribute to the development of
insulin resistance. These inflammatory mediators also impair pancreatic 3-cell function,
leading to reduced insulin secretion and accelerating diabetes progression. Consequently,
obesity-related inflammation represents a critical mechanistic link between excess adipos-
ity and metabolic dysregulation. Elucidating this pathway is essential, as it highlights
potential therapeutic targets to disrupt the obesity—diabetes axis. Interventions aimed
at reducing systemic inflammation—through lifestyle modification or pharmacological
strategies—may therefore attenuate diabetes risk even in the absence of substantial weight
loss, underscoring the importance of targeting inflammation in the prevention or delay of
type 2 diabetes onset [37,38].

Microglial cells play a central role in neurodegenerative processes by releasing pro-
inflammatory cytokines, generating excitotoxic mediators such as glutamate, and activating
enzymatic systems, including NADPH oxidase. These mechanisms contribute to neuronal
injury and apoptosis. For example, interleukin-1 beta (IL-13) released by activated mi-
croglia amplifies neuroinflammation by stimulating neighboring microglia and astrocytes,
which subsequently produce additional cytotoxic and pro-inflammatory mediators [39].

Another concept closely associated with obesity is meta-inflammation, a state of
chronic, low-grade inflammation characterized by elevated circulating levels of pro-
inflammatory markers, including interleukin-6 (IL-6), C-reactive protein (CRP), and tumor
necrosis factor (TNF). Gut microbiota dysbiosis—defined as an imbalance in microbial
composition—may further exacerbate this condition by promoting systemic inflammatory
responses. In this context, dietary strategies incorporating anthocyanin-rich foods, such as
cherries, raspberries, black soybeans, blueberries, strawberries, and plums, have been pro-
posed as potential modulators of meta-inflammation. A key advantage of these bioactive
compounds is their favorable safety profile, as they are generally well tolerated and lack the
significant adverse effects commonly associated with pharmacological interventions [40].

Gut-brain axis: Emerging evidence highlights the influence of the gut microbiota on
central nervous system (CNS) function and, conversely, the ability of the CNS to modu-
late intestinal microbial composition—a dynamic interaction referred to as the gut-brain
axis. This bidirectional communication involves multiple pathways, including the central,
enteric, and autonomic nervous systems, as well as the hypothalamic—pituitary—adrenal
(HPA) axis [41]. Experimental studies in rodents fed high-fat diets have demonstrated
marked alterations in gut microbial diversity, accompanied by impaired synaptic plasticity,
deficits in exploratory behavior and cognitive performance, and increased vulnerability to
anxiety-like behaviors [42].

The gut-brain axis plays a critical role in the regulation of cognitive functions, includ-
ing memory, perception, and attention. Intestinal microorganisms can produce neurotrans-
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mitters and bioactive signaling molecules that influence not only brain development but
also ongoing neural activity and cognitive processes [41].

During neuroinflammatory states, disruptions of the gut microbial ecosystem—
commonly referred to as dysbiosis—may trigger inflammatory signaling within the brain,
thereby compromising cognitive performance [43]. The gut microbiota also plays a regu-
latory role in modulating the hypothalamic—pituitary—adrenal (HPA) axis, a central com-
ponent of stress responsiveness and cognitive regulation. Dysbiosis has been shown to
increase HPA axis reactivity, which can negatively affect learning and memory processes.
In this context, nutritional strategies, including diets rich in berries or berry-derived sup-
plements, have demonstrated potential to favorably modulate gut microbiota composition,
with downstream benefits for cognitive function [44].

Recent evidence indicates that alterations in gut microbiota composition and function
may contribute to the progression of Alzheimer’s disease (AD) by modulating neuroin-
flammatory processes, promoting amyloid-beta deposition, and influencing TAU-related
pathology [45]. The gut microbiome synthesizes a wide range of neuroactive metabolites
and neurotransmitters that play critical roles in regulating neurochemical signaling and
behavioral outcomes. Notably, aromatic amino acids such as tryptophan, tyrosine, and
phenylalanine—precursors of serotonin, dopamine, and norepinephrine—are metabolized
through microbial enzymatic pathways. These metabolites can influence central nervous
system activity primarily via vagal afferent signaling, thereby establishing bidirectional
communication between the intestinal environment and brain function [46]. In addition,
compromised intestinal barrier integrity may permit the translocation of microbial-derived
toxins and pro-inflammatory molecules into systemic circulation, contributing to systemic
and neuroinflammation and exacerbating neuronal injury [47].

Intestinal dysbiosis can promote the release of pro-inflammatory mediators, including
cytokines such as tumor necrosis factor-alpha (TNF-), interferon-gamma (IFN-y), various
interleukins (ILs), and lipopolysaccharides (LPSs). These factors contribute to increased
intestinal permeability, commonly referred to as “leaky gut.” The resulting barrier dys-
function facilitates the translocation of inflammatory mediators into systemic circulation
and the enteric nervous system, with subsequent propagation to the peripheral nervous
system (PNS) and ultimately the central nervous system (CNS). This inflammatory cascade
promotes chronic neuroinflammation and compromises the integrity of the blood-brain
barrier (BBB) [48].

1.3. Bioactive Compounds and Berries

A wide range of health-promoting effects has been attributed to fruits rich in bioactive
phytochemicals, including flavonoids, phenolic acids, tannins, organic acids, tocopherols,
dietary fiber, as well as essential vitamins and minerals. The concentration and distribution
of these compounds vary considerably across different berry species. Due to their seasonal
availability, these fruits are commonly processed into various products, such as juices, jams,
jellies, purées, and ice creams [49].

Berries are rich sources of dietary fiber, vitamins, minerals, and a wide array of phyto-
chemicals. Their predominant bioactive constituents are phenolic compounds, particularly
flavonoids—including anthocyanins, flavonols, flavones, flavanones, and isoflavonoids—
as well as tannins and phenolic acids. Owing to their high polyphenol content, berries have
been extensively investigated for their potential roles in the prevention and management
of chronic diseases, largely through antioxidant and anti-inflammatory mechanisms. These
effects are especially relevant to conditions in which oxidative stress and inflammation are
central pathogenic features, such as diabetes, cardiovascular disease, and neurodegenera-
tive disorders [50]. Although this review focuses on berries, other fruit-derived sources,
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such as grape extracts, are briefly considered because of their comparable polypheno-
lic profiles. These foods share key bioactive compounds, including anthocyanins and
other flavonoids, which exert similar biological effects on metabolic and neural pathways.
Recognizing these analogues provides important context for interpreting berry-specific
effects within the broader framework of dietary polyphenols and supports a more com-
prehensive understanding of how fruit-derived bioactives may influence obesity and
cognitive function.

Among dietary sources of bioactive compounds (BACs), berries are considered partic-
ularly valuable. Species belonging to the Rosaceae family (e.g., strawberries, raspberries,
and blackberries) and the Ericaceae family (e.g., blueberries and cranberries) are especially
rich in phenolic acids, flavonoids—including anthocyanins and flavonols—tannins, and
vitamin C. These constituents may act synergistically or independently to confer health
benefits, such as attenuation of inflammation, cardiovascular protection, and a reduced risk
of certain cancers [51].

Preclinical evidence indicates that flavonoids exert neuroprotective effects by modulat-
ing learning and memory processes. Experimental studies suggest that these compounds
may attenuate age-related cognitive decline, reduce neuronal apoptosis, and confer protec-
tion against ischemic and neurodegenerative damage, thereby contributing to improved
brain function [52].

Polyphenols are bioactive molecules widely recognized for their potent antioxidant
properties, with flavonoids representing the most extensively studied subclass [53]. Based
on their chemical structure, polyphenols are commonly classified into four major groups:
flavonoids, phenolic acids, stilbenes, and lignans. Curcuminoids, such as curcumin, are
frequently discussed alongside polyphenols due to their overlapping biological activities,
although they do not strictly fall within these structural categories [54].

The review by Carrillo [55] highlights the growing body of evidence indicating that
polyphenols—particularly those derived from berries—play an important role in support-
ing cognitive health during aging. Beyond their antioxidant properties, these compounds
modulate key molecular pathways involved in synaptic plasticity and memory formation,
including brain-derived neurotrophic factor (BDNF) and cAMP response element-binding
protein (CREB). Clinical evidence suggests that polyphenol supplementation may improve
specific cognitive domains, such as executive function and episodic memory. Importantly,
several polyphenols are capable of crossing the blood—-brain barrier, enabling direct neu-
roprotective effects within the central nervous system. The authors further note that
regular dietary intake of berry-derived polyphenols may contribute to delaying age-related
cognitive decline. However, heterogeneity in study design, dosing regimens, and partici-
pant characteristics remains a significant limitation. The standardization of nutraceutical
formulations will therefore be critical to improve reproducibility across studies. Over-
all, polyphenol-rich interventions emerge as a promising, safe, and accessible strategy,
although large-scale, long-term clinical trials are still required to confirm efficacy and
establish evidence-based guidelines for cognitive health promotion.

Epicatechin (EC), a flavonoid abundant in foods such as cocoa, tea, and berries,
has received considerable attention for its biological properties [56]. This compound is
suggested to exert neurovascular protective effects by modulating redox homeostasis,
reducing oxidative stress, and promoting vascular health, which collectively may support
cognitive performance [57].

Blueberries are a rich source of polyphenols and have been associated with potential
benefits for cognitive performance and mood regulation. A systematic review including
eleven studies reported that eight demonstrated improvements in cognitive outcomes
following blueberry consumption or supplementation, particularly in domains such as
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short-term memory, long-term memory, and spatial memory. With respect to mood-related
outcomes, one trial reported a significant improvement in positive affect, whereas four
studies did not observe meaningful changes. Although these findings suggest potential
cognitive benefits, substantial heterogeneity in study design, supplementation regimens,
and anthocyanin content limits direct comparisons across studies and precludes definitive
conclusions [50].

A 12-week strawberry supplementation trial conducted in overweight, middle-aged
adults with insulin resistance highlighted potential cognitive and emotional benefits as-
sociated with berry intake. Participants exhibited improvements in measures of memory
interference, suggesting enhanced executive control of information processing. In addition,
reductions in depressive symptoms were observed, indicating possible mood-regulating
effects. Although metabolic parameters were also assessed, changes in cognitive and af-
fective outcomes were the most consistent findings. These results suggest that strawberry
consumption may confer neuroprotective support in populations at increased risk for
metabolic and cognitive decline. The concurrent effects on memory and mood underscore
the broader influence of dietary polyphenols on brain function. However, modest sample
size and relatively short intervention duration limit the generalizability of these findings.
Larger, longer-term trials are therefore warranted to establish the durability and clinical
relevance of these effects [58].

Results from a 28-week Randomized Controlled Crossover Trial in adults with pre-
diabetes demonstrated that a feasible dietary intake of 2.5 servings of strawberries per
day may contribute to metabolic health in adults with prediabetes. The study states that
future research should evaluate whether lower doses provide clinical benefits, as well
as whether strawberry supplementation improves glycemic control and slows disease
progression in prediabetes and type 2 diabetes, in conjunction with pharmacological in-
terventions and lifestyle changes. Therefore, considering that strawberries significantly
improved antioxidant markers, fasting blood glucose, and inflammation in individuals
with prediabetes, strawberry consumption can be recommended in nutritional therapy as a
practical, non-pharmacological intervention for both the management of prediabetes and
the prevention of type 2 diabetes [59].

Regular blueberry consumption may be associated with benefits in episodic memory
among older adults with MCI and subjective cognitive decline, as well as improvements
in language performance in individuals with MCI. However, these observations require
confirmation through larger, multicenter studies to establish their generalizability and
long-term effects [60].

The therapeutic interest in berries more broadly arises from their high polyphenol con-
tent, which contributes to the modulation of oxidative stress and inflammatory pathways—
key mechanisms implicated in the pathophysiology of diabetes, cardiovascular disease,
cancer, and neurodegenerative disorders [61]. Among berries, blueberries have received
particular attention due to their pronounced antioxidant and anti-inflammatory properties,
as well as their potential neurocognitive benefits. Clinical evidence indicates that older
adults with early memory decline experienced improvements in memory performance
following regular consumption of blueberry juice [62].

A randomized controlled trial indicated that cranberry supplementation over a
12-week period may contribute to healthier cognitive aging. Older adults receiving the
intervention demonstrated improvements in episodic memory, a cognitive domain com-
monly affected by advancing age. Neuroimaging assessments revealed increased cerebral
perfusion, suggesting that cranberries may enhance vascular pathways that support cogni-
tive function. In addition to these neurological effects, participants exhibited reductions
in low-density lipoprotein (LDL) cholesterol, reinforcing the cardioprotective potential of
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berry-derived polyphenols. Body weight was monitored to provide a metabolic context and
to ensure that observed effects were not confounded by changes in adiposity. Collectively,
these findings suggest that cranberries may confer concurrent benefits for brain and car-
diovascular health. The integration of cognitive and cardiometabolic outcomes highlights
their potential as a multifaceted dietary strategy. Nevertheless, the modest sample size
and limited intervention duration warrant cautious interpretation. Further studies with
larger cohorts, longer follow-up periods, and mechanistic exploration are needed to define
optimal dosing and substantiate clinical applicability. Overall, cranberries emerge as a safe
and promising nutritional approach to support memory and vascular function in older
adults [63].

Acute administration of haskap berry extract in older adults was associated with mea-
surable cognitive and vascular benefits. Participants exhibited improvements in episodic
memory performance, suggesting short-term enhancement of memory-related processes.
In addition, reductions in blood pressure were observed, indicating favorable effects on
vascular function. Collectively, these findings underscore the potential of haskap berries as
a dietary strategy to concurrently support cognitive health and cardiovascular regulation
in aging populations [64].

Black raspberries are a notable source of bioactive phenolic compounds, particularly
ellagic acid and anthocyanins, which have been validated in clinical settings for their
chemopreventive effects against carcinogenesis [65]. Similarly, evidence from both pre-
clinical and clinical studies indicates that strawberries possess pronounced antioxidant
and anti-inflammatory properties. These effects are largely mediated by their complex ma-
trix of vitamins, polyphenolic compounds, and secondary metabolites, which collectively
modulate redox homeostasis and inflammatory signaling pathways [66]. In addition, black-
currant powder has been shown to reduce the activity of specific biomarkers associated
with colon cancer, partly through prebiotic mechanisms [67].

According to Tandoro [68], supplementation with black raspberry in overweight older
adults with mild dementia was associated with measurable cognitive benefits, as reflected
by lower scores on the Clinical Dementia Rating (CDR) scale. The intervention was also
linked to reductions in body mass index (BMI) and decreased circulating levels of inflam-
matory proteins implicated in dementia progression. These findings suggest that bioactive
constituents of black raspberry may exert combined neuroprotective and metabolic effects.
Collectively, the results support the concept that berry-based dietary strategies may repre-
sent a multifaceted intervention for populations at increased metabolic and cognitive risk.
Nevertheless, the authors emphasize that longer-duration and larger-scale clinical trials
are required to confirm the durability and clinical relevance of these effects.

While dietary patterns rich in saturated fats and simple sugars are known to impair
insulin signaling and negatively affect cognitive processes, antioxidant components such
as phenolic compounds and dietary fiber have been shown to improve insulin sensitivity
and support neurogenesis [69]. In particular, flavonoids exhibit protective properties that
may counteract oxidative stress, excessive weight gain, insulin resistance, inflammation,
and cognitive decline [70].

Epidemiological evidence further associates the consumption of polyphenol-rich red
fruits with a reduced risk of cancer, cardiovascular disease, Alzheimer’s disease (AD), and
other chronic conditions [71]. These fruits, particularly berries, are rich in anthocyanins
and other antioxidant compounds that may support brain function by protecting neurons
and enhancing memory-related processes [72]. In addition, their dietary fiber content
contributes to appetite regulation and weight management, thereby reducing the risk of
obesity and obesity-related complications [73].
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Experimental studies provide important mechanistic insights into the neuroprotective
actions of phenolic compounds. Supplementation with purified phenolics has been shown
to protect mice against TAU hyperphosphorylation and cognitive impairment induced by
diabetes in the streptozotocin model [74] or by high-fat diet exposure [75]. Notably, these
protective effects were not observed in lean, non-diabetic animals, suggesting that phenolic
compounds primarily exert protective rather than enhancing actions and are particularly
effective under conditions of metabolic stress. Consistent with this concept, intake of jaboti-
caba peel extract (MJP) prevented high-fat diet-induced TAU phosphorylation through
attenuation of adiposity and peripheral insulin resistance, as well as through modulation of
insulin signaling via inhibition of glycogen synthase kinase-3 (GSK-3). Additional evidence
indicates a direct role of MJP in improving hepatic insulin sensitivity through activation of
the insulin receptor substrate—AKT-forkhead box O1 (IRS-AKT-FoxO1) signaling pathway,
independent of changes in body weight [76].

Among the bioactive constituents identified in jabuticaba peel extract (MJP), cyanidin-
3-O-glucoside, ellagic acid, and carotenoids are particularly noteworthy due to their ability
to cross the blood-brain barrier and reach the brain parenchyma [77]. Once within the
central nervous system, these compounds interact with neuronal receptors, kinases, tran-
scription factors, neurotrophins, and enzymes involved in antioxidant defense, inflamma-
tory regulation, and insulin signaling pathways [69]. Experimental evidence indicates that
the activities of key antioxidant enzymes—such as superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx)—are increased in the frontal lobe, suggesting at-
tenuation of oxidative stress through activation of endogenous protective mechanisms [78].
In addition, consumption of jabuticaba juice has been associated with prevention of high-
fat diet-induced TAU protein phosphorylation, either indirectly through reductions in
adiposity and peripheral insulin resistance or directly via modulation of insulin signaling
through inhibition of glycogen synthase kinase-3 (GSK-3). Proper insulin signaling appears
to be central to this effect, as phosphorylation of insulin receptor substrate (IRS) on tyrosine
residues activates protein kinase B (AKT), which subsequently inhibits GSK-3 activity,
thereby preventing TAU phosphorylation [76,78].

In contrast to the detrimental effects of dietary saturated fats and refined sugars on
insulin sensitivity and cognitive function, antioxidant dietary components such as phenolic
compounds and dietary fiber have been shown to improve metabolic regulation and
support neurogenesis [69]. Flavonoids, in particular, exhibit strong potential to mitigate
oxidative stress, excessive weight gain, insulin resistance, inflammation, and cognitive
impairments [70]. These phytochemical constituents are widely distributed in plant-based
foods, with especially high concentrations found in berries, grape-derived products, and
solanaceous fruits such as tomatoes [79].

Quercetin, a widely studied flavonoid, exerts potent antioxidant and anti-inflammatory
effects through modulation of key intracellular signaling pathways, notably nuclear factor
erythroid 2-related factor 2 (Nrf2) and nuclear factor kappa B (NF-«B). Through activation
of these pathways, quercetin enhances the expression of endogenous antioxidant enzymes
while suppressing pro-inflammatory gene transcription, thereby mitigating oxidative stress
and inflammatory responses in chronic disease contexts [80]. In neuronal cells, its principal
mechanism involves suppression of reactive oxygen species (ROS) and inflammatory medi-
ators via modulation of the Nrf2 /heme oxygenase-1 (HO-1) signaling axis [81]. Quercetin
is widely distributed in fruits and vegetables and has demonstrated neuroprotective prop-
erties by interfering with amyloid-beta (Af3) aggregation, destabilizing fibril formation,
and attenuating Ap-induced neurotoxicity—processes relevant to Alzheimer’s disease
(AD) pathophysiology [82]. In addition to its neuroprotective actions, clinical evidence
indicates that quercetin supplementation confers metabolic benefits, including significant
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reductions in systolic blood pressure and fasting insulin levels, highlighting its potential to
modulate cardiometabolic risk factors through systemic antioxidant and anti-inflammatory
mechanisms. Although effects on other metabolic parameters remain inconsistent, these
findings support the promise of quercetin in nutritional and therapeutic strategies aimed
at mitigating inflammation-driven conditions. Further research is warranted to establish
optimal dosing regimens and evaluate long-term clinical outcomes [83,84].

Despite the accumulating evidence supporting the biological effects of polyphenols,
important knowledge gaps remain regarding their role in modulating obesity as a contribut-
ing factor to mild cognitive impairment (MCI). Current evidence highlights a complex,
bidirectional relationship between body weight regulation and cognitive function, largely
mediated by inflammatory pathways and cytokine signaling. Within this framework, the
present study aimed to systematically review the available literature on the metabolic and
neuroprotective effects of red fruit consumption, with a particular focus on obesity-related
mechanisms and their potential implications for mitigating mild cognitive impairment.

2. Methods

This systematic review was conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines
(Table S1). A comprehensive literature search was performed in PubMed, Scopus, and
Web of Science, complemented by additional sources, covering the period from 1 April
to 30 June 2025. The risk of bias of the included studies was assessed using validated
tools appropriate to each study design. The search strategy incorporated the following key
terms: mild cognitive impairment, cognitive decline, body weight, obesity, adiposity, and
berries. These terms were searched both individually and in combination using Boolean
operators to refine retrieval. Searches were conducted within article titles, abstracts, and
keywords to ensure comprehensive coverage. No restrictions were applied with respect
to language or journal impact factor, thereby maximizing the inclusivity and scope of the
retrieved literature.

Table 1 describes Population, Intervention, Comparator, Outcomes and Type of Study
(PICO) as a strategy to verify eligibility criteria.

Table 1. PICOS criteria for inclusion of studies.

Population Young People and Adults with No Age Restrictions

Berries containing anthocyanins are offered as part of the diet
Intervention or as a supplement, for a period of more than 2 h up to a
maximum of 3 years

The exposure was based on habitual intake/quantiles and
Comparator quartiles of wild berry consumption and/or in the form
of extracts

In isolation or in combination: cognition, memory, language,

Outcomes verbal flow; Body mass index

Study types randomized double blind; Prospective cohort study

Data collection was conducted between 1 April and 30 June 2025, with the final
database search completed on 30 June 2025. An initial total of 224 records was identified
based on the predefined search terms. After application of the inclusion and exclusion
criteria, 145 studies were retained for full-text assessment. The screening and extraction
of data were performed by only one reviewer, who was responsible for the analysis, thus
avoiding possible disagreements. Eligible studies were required to address the triad of
bioactive compounds, obesity, and cognitive outcomes through human clinical research.
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Studies conducted in laboratory animals were not included in the quantitative or qualitative
synthesis but were occasionally referenced in the Discussion Section to provide mechanistic
support. Review articles and duplicate records were excluded. Priority was given to studies
published between 2004 and 2024, with approximately 50% of the included literature
originating from the past decade, underscoring the contemporary relevance of the topic.
Of the 145 full-text articles assessed, 12 studies met all eligibility criteria and were included
in the final analysis, as they provided sufficient data to comprehensively evaluate the
relationship between berry consumption, obesity management, and cognitive decline in
human populations. The review protocol was not preregistered. The study selection process
is summarized in the flow diagram presented in Figure 4.

Cognitive Decline + Obesity + Bioactive Berries

'6 N Articles initially PubMed: 136
5 ! identified for the entire Science direct: 28
= oAy » (1=
é B review study.(n=224) SCOPUS: 30
l Web of Science: 30
%0
g g Articles selected for more Number of excluded articles=79
§ é detailec% e\ialéaa;ion and - Duplicates (n=31)
include
A (a=145) Literature Reviews (n=46)
n=

|

Final articles eligible for analysis in

human trials (table with description for
discussion)(n=12)

Analysis
Phase

Figure 4. The flowchart refers to the method for selecting publications using scientific databases. The
final “eligible articles” refers exclusively to articles selected for analysis in human trials.

3. Results

The evaluation of bioactive compound activity in humans was focused on studies that
assessed therapeutic effects in the presence of objectively measured cognitive alterations, as
determined by validated neuropsychological tests. Studies conducted exclusively in animal
models were excluded from the final analysis, given the need to evaluate cognition as a
human-specific outcome and a clinically relevant stage preceding dementia. In this context,
dementia was considered a predominantly human neurodegenerative condition. Obesity
was incorporated as a central variable based on evidence indicating that weight gain—
related metabolic and inflammatory disturbances may contribute to neurodegenerative
processes, including 3-amyloid accumulation and TAU protein hyperphosphorylation.

Table 2 summarizes the studies identified through the search strategy that specifically
evaluated the effects of bioactive compounds on cognitive outcomes. The table presents the
investigated compounds, the corresponding berry sources, and the main reported findings,
including cognitive and neurobehavioral assessments, relevant biological markers, and
additional physiological parameters when available. The characteristics of the included
studies are organized in chronological order of publication. The emphasis on cognitive
outcomes reflects the primary objective of this review, which is to explore the potential role
of bioactive compound consumption as a protective strategy against cognitive impairment.
Although obesity was considered an important contextual factor, cognitive decline was not
treated as an outcome exclusively dependent on obesity, as cognitive deficits may occur
independently of weight status.
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The findings of the included studies indicate that no single intervention is sufficient
to prevent cognitive decline; rather, cognitive outcomes appear to be influenced by multi-
ple modifiable lifestyle factors, particularly dietary patterns. Several studies highlighted
associations between healthier diets—characterized by higher intake of fruits, vegetables,
legumes, and whole grains—and better cognitive performance with aging. In addition, evi-
dence from the analyzed trials supports a role for diet-gut-brain interactions in modulating
cognitive function, suggesting that nutritional quality may contribute to the maintenance
of cognitive health over time.

A study conducted by researchers at Brigham and Women’s Hospital reported that
women who consumed two or more weekly servings of strawberries and blueberries
exhibited a delay in memory decline of up to 2.5 years. In the same study, supplementation
with wild blueberry extract at a dose of 222 mg was associated with reductions in both
systolic and diastolic blood pressure [85].

Based on the evidence indicating potential cognitive benefits, the analysis focused on
clinical trials conducted exclusively in human participants that evaluated berry consump-
tion. Particular attention was given to participant characteristics, the specific bioactive
compounds investigated, and their respective concentrations, as summarized in Table 1.
The included studies varied in their intervention formats, with some administering berries
in their whole, fresh form, while others provided isolated bioactive compounds in sachet
or capsule formulations. All selected trials employed randomized, double-blind designs,
with intervention durations ranging from acute exposures of several hours to longer-term
protocols lasting several months.

A formal assessment of the methodological quality of the included human clinical trials
was conducted and is summarized in Table 3. Risk of bias was evaluated using the Cochrane
Risk of Bias 2 (RoB 2) tool, which is recommended for the assessment of randomized
clinical trials. This evaluation focused on identifying the main sources of potential bias
across studies, including small sample sizes, short intervention durations, participant
attrition, selective outcome reporting, and the use of multiple cognitive assessments without
appropriate adjustment. The results of this assessment were considered in the interpretation
of the overall findings. Regarding the overall risk of bias, 12 studies were considered to
have “some concerns” and only one was considered to have “low risk”.

The methodological quality of the observational study was assessed using the
Newcastle-Ottawa Scale (NOS) for cohort studies. This tool evaluates three domains:
selection of the cohort, comparability of study groups, and assurance of outcomes. Studies
can receive a maximum of nine stars, with higher scores indicating lower risk of bias
(Table 4).
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Table 2. Characteristics of studies conducted in humans, with an impact on cognition, eligible for review.

Main Results

Authors Food Matrix Evaluated Dose, Time Study Design (Biomarkers Used)
Blueberry supplementation demonstrated
neurocognitive benefits in middle-aged
A total of 155 participants aged individuals with insulin resistance and an
between 50 and 65 years were elevated risk of future dementia. After
initially randomized; however, 12 weeks of intervention, lexical access
27 individuals completed the study performance significantly improved in the
0.5 to 1.0 ¢ whole-fruit equivalent and were included in the final blueberry (BB) group (F(1,24) = 1Q.67,
=210 10C w ole-iruit equivalen analysis. Eligibility criteria included P = 0.003; Cohen’s f = 0.66). Perceived
(Krikorian, R.; Skelton, M.R.; (Blueber.ry), 12 weeks. There is no a body mass index everyday memory difficulties, assessed using
Summer, S.5., Shidler, M.D.; Blueberry description by the authors (BMI) > 25 kg/m?, the presence of the Everyday Memory Questionnaire, were

regarding the concentrations of
Anthocyanins in each cup (c) of
Blueberry; taken orally.

Sullivan, P.G., 2022) [86]

subjective cognitive complaints
reflecting perceived decline from a
previous level of cognitive
functioning, the ability to
understand and adhere to the study
protocol, and provision of written
informed consent.

also significantly reduced in the BB group,
particularly with respect to forgetting and
encoding-related failures (F(1,24) = 4.93,

p = 0.03; Cohen’s f = 0.45). In addition,
fasting insulin levels were measured at
baseline and after 12 weeks, revealing a
significant reduction in the BB group
following supplementation (F(1,24) = 4.62,
p = 0.04; Cohen’s f = 0.44).
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Table 2. Cont.

Dose, Time Study Design

Main Results
(Biomarkers Used)

Authors Food Matrix Evaluated
(Devore, E.E.; Kang, ] H.;
Breteler, M.M.; Blueberry and Strawberry

Grodstein, F.,, 2012) [87]

145.4 to 684.1 mg/day of flavonoids
(taken orally), without specifying
which flavonoids were evaluated

and the concentration of each of
them. Foods were specified in a
common unit or serving size = %2
cup blueberries. Frequency:

>6 times per day.” Intakes of

31 individual flavonoids
representing six major flavonoid
subclasses (anthocyanidins,
flavonols, flavones, flavanones,
flavan-3-ols, and polymeric
flavonoids) were also calculated.
Time of study: 6 years.

A large human cohort study
included 16,010 female participants
aged over 70 years, with no history
of stroke and a mean body mass
index (BMI) of 26.0 kg/m?

Higher blueberry consumption was
significantly associated with a slower rate of
cognitive decline, including global cognitive
scores (p for trend = 0.010), verbal cognition
(p for trend = 0.016), and performance on the
Telephone Interview for Cognitive Status (p
for trend = 0.027). The mean difference in the
rate of global cognitive decline during the
follow-up period was 0.04 standard units
(95% CI: 0.01-0.07) when comparing women
who consumed >1 serving of blueberries per
week with those who consumed <1 serving
per month. These effect estimates were
comparable to those reported in previous
cohort studies and suggest that berry
consumption may delay cognitive aging by
up to 2.5 years. Furthermore, higher intakes
of anthocyanins and total flavonoids were
independently associated with slower rates of
cognitive decline, providing additional
support for the neuroprotective role of
berry-derived polyphenols.
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Table 2. Cont.

Main Results

Authors Food Matrix Evaluated Dose, Time Study Design (Biomarkers Used)
The biomarkers Ap40, AR42, the Ap42/AR40
ratio, phosphorylated tau at threonine 181
(pTAU181, pg/mL), the pTAU181/Ap42
ratio, neurofilament light chain (NfL, pg/mL),
glial fibrillary acidic protein (GFAP, pg/mL),
and brain-derived neurotrophic factor (BDNF,
pg/mL) were evaluated at baseline and after
the intervention. No statistically significant
changes were observed between time points.
Baseline A 40 levels were
Participants received blueberry 114.45 £ 4.67 pg/mL and remained stable
. . 7. after treatment (114.73 &+ 4.27 pg/mL;
supplementation while abstaining B L .
. p = 0.55). Similarly, A342 concentrations
from other anthocyanin-rich foods showed no chanee from baseline
36 g per day of freeze-dried and beverages throughout the &
. .. . . . (5.75 £ 0.42 pg/mL) to post-treatment
blueberry powder in a divided dose  intervention period. The study (5.75 + 0.36 pg/mL; p = 0.50). The
. consumed with breakfast and enrolled 43 participants aged 55 to ) >0 P&/ M p = ot
(Doraiswamy, PM.; . A[42/AB40 ratio remained unchanged
. dinner (taken orally), per 12 weeks. 85 years who were . .
Miller, M.G.; Hellegers, C.A.; Blueberr The author does not mention th Enelish- King. clinically stabl (0.050 + 0.002 at both time points).
Nwosu, A.; Choe, |.; ueberty © author does ot MEeton the ghsirspeating, cihicaty stable, For tau-related biomarkers, pTAU181 levels

Murdoch, D.M., 2023) [88]

bioactive compounds in blueberries
and their respective concentrations
in each dose administered during
the experiment.

and met diagnostic criteria for

amnestic mild cognitive impairment.

These criteria included impaired
delayed verbal recall with otherwise
normal or near-normal global
cognition and preserved

functional abilities.

were 37.24 &+ 3.31 pg/mL at baseline and
38.04 £ 2.58 pg/mL post-treatment (p = 0.64),
while the pTAU181/A 42 ratio showed no
significant difference between baseline

(6.72 £ 0.65) and post-treatment (6.79 £ 0.56;
p =0.56).

Neurodegeneration and glial activation
markers also remained stable. NfL
concentrations were 30.09 £ 4.64 pg/mL at
baseline and 44.25 + 16.85 pg/mL after
treatment (p = 0.80), and GFAP levels were
239.86 + 31.15 pg/mL at baseline compared
with 234.27 £ 26.98 pg/mL post-treatment
(p = 0.34). Likewise, BDNF concentrations
did not differ significantly between baseline
(1685.48 + 480.43 pg/mL) and post-treatment
(1850.15 + 436.63 pg/mL; p = 0.61).
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Table 2. Cont.

Main Results

Authors Food Matrix Evaluated Dose, Time Study Design (Biomarkers Used)
Wild blueberry (WBB) intervention improved
A randomized, double-blind, specific aspects of cognitive function;
(Wood, E.; Hein, S.; Paralle'l-group clinical design however, no significant differences were
Mesnage, R.; Fernandes, F,; 26 g freeze-dried WBB powder LHVEIVIHg 61 he;lthy older adulftshof observed for other measures of the Auditory
Abhayaratne, N.; Xu, Y,; (equivalent to 178 g bofi SeXes, .agg 65-80 years,. witha  verpal Learning Test (AVLT). In the Task
Zhang, Z.; Bell, L.; Wild blueberry fresh WBB) containing 302 mg fO yinass m kex (B%\/[ Qﬁangmg Switching Task (TST), 12 weeks of daily WBB
Williams, C.; anthocyanins), once daily, taken rom 18 to 35 g/m". ; supplementation resulted in a significant
Rodriguez-Mateos, A., orally, 12 weeks. participants were requllred to be improvement in overall accuracy,
2023) [89] capable of understand‘m'g the nature corresponding to an 8.5% increase in
f’f the study and providing performance compared with placebo
informed consent. (F(1,46) = 5.05, p = 0.029).
The study demonstrated that the inclusion of
A total of 37 participants (13 men small amounts of blueberries in the diets of
and 24 women), aged between 60 older adults may improve specific aspects of
Freeze dried blueberries (24 g/day); and 75 years, were evaluated. cognitive performance. Participants
90 days of this project. equivalent to  Inclusion criteria comprised a body committed fewer errors on switch trials
(Miller, M.G.; Hamilton, D.A; 1 cup of fresh blueberries; This mass index (BMI) between 18.5 and ~ across study visits (F(2,70) = 7.49, p = 0.001).
Joseph, J.A.; Shukitt-Hale, B., Blueberry serving of blueberries contains 29.9 kg/m?, adequate visual acuity, Analysis of errors on switch stimuli revealed

2018) [90]

approximately 36 mg/g of total
phenolics and approximately
19.2 mg/g of anthocyanins.

fluency in English, the ability to
walk unassisted for 20 min, and, for
female participants, a
postmenopausal status of at least
12 months.

a significant intervention group x visit
interaction (F(2,70) = 3.59, p = 0.033,

np? = 0.09), indicating that participants in the
blueberry group exhibited a greater reduction
in switch-related errors over time compared
with those in the control group.
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Table 2. Cont.

Main Results

Authors Food Matrix Evaluated Dose, Time Study Design (Biomarkers Used)
In this study, participants completed the
California Verbal Learning Test at baseline
and again after 90 days of dietary
intervention with either strawberries (SB) or
placebo. At baseline, participants
randomized to the SB group recognized
A total of 338 participants aged fewer words than those assigned to the
60-75 years were included. placebo group. Following the intervention,
24 ¢ /day, equivalent to two cu Eligibility criteria comprised a body Participants in the SB group demonstrated
(Miller, M.G; g/cay eq ps mass index (BMI) between 18.5and ~ improved word recognition performance,
Thangthaeng, N.; per serving of fresh 29.9 kg/m?, the ability to walk whereas no change was observed in the
Strawberry Strawberry (SB). 90 days The placebo group. These findings suggest that

Rutledge, G.A.; Scott, TM.;
Shukitt-Hale, B., 2021) [91]

phenolic composition of SB was not
described in the experiment.

unassisted for 20 min, fluency in
English, self-reported adequate
visual acuity, and, for female
participants, a postmenopausal
status of more than 12 months.

the inclusion of strawberries in the diet may
help preserve specific aspects of
hippocampal-dependent cognitive function
during normal aging. Diet may also represent
an important modifiable factor in reducing
the risk of Alzheimer’s disease and related
dementias. With respect to anthropometric
outcomes, no significant differences were
observed between groups in body weight,
waist circumference, or vital signs.
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Table 2. Cont.

Authors Food Matrix Evaluated

Dose, Time

Study Design

Main Results
(Biomarkers Used)

Berry Beverage (Blueberries,
(Nilsson, A.; Salo, I.; Plaza, M.;  blackcurrant, elderberry,
lingonberries, strawberry,

Bjorck, 1, 2017) [92]
tomatoes)

Red fruit drink based on a mixture
of red fruits (150 g blueberries, 50 g
black currants, 50 g elderberries,

50 g bilberries, 50 g strawberries
and 100 g tomatoes) daily for

5 weeks. The characterization of red
fruit drinks was: Total polyphenols
1324.9 (mg/L), Anthocyanins
(mg/L) 414.2, Flavanols (mg/L)
155.9.

A total of 40 apparently healthy
adults aged 50-70 years were
enrolled. Inclusion criteria
comprised non-smoking status, age
between 50 and 70 years, and
normal to mildly elevated body
mass index (BMI < 28 kg/ mz).
Exclusion criteria included fasting
blood glucose levels > 6.1 mmol/L,
diagnosed metabolic disorders, food
allergies, gastrointestinal diseases,
or known cognitive disorders that
could interfere with study outcomes.
Owing to the structure of the
cognitive assessments, participants
were required to be fluent

in Swedish.

Consumption of the red fruit blend for five
weeks resulted in reductions in total
cholesterol and low-density lipoprotein
cholesterol (LDL-C) and prevented
monosaccharide-induced impairments in
glucose homeostasis and insulin sensitivity.
In parallel, an improvement in working
memory capacity was observed. The
combined improvements in cardiometabolic
risk markers and cognitive performance
following berry drink consumption support
the potential preventive role of berries in
relation to type 2 diabetes, cardiovascular
disease, and associated cognitive decline.

(Lopresti, A.L.; Smith, S.J.;
Pouchieu, C.; PourTAU, L.;
Gaudout, D.; Pallet, V,;
Drummond, P.D., 2023) [93]

Vitis vinifera L. extract

150 mg twice daily (capsules);

300 mg per day. No information on
the composition of the extract. This
daily dose is equivalent to eating
approximately 185 g of grapes (35 to
40 grapes) or 34 g of blueberries (65
to 70 blueberries) per day. The study
period was 6 months.

A total of 143 volunteers aged
60-80 years were included.
Eligibility criteria comprised male
and female participants with
self-reported attention and memory
difficulties and Montreal Cognitive
Assessment-Basic Version
(MoCA-BV) scores ranging from 13
to 18. Participants were required to
live independently, be non-smokers,
have a body mass index (BMI)
between 18 and 30 kg/ mZ, and have
no plans to initiate new medical
treatments during the study period.

Extract supplementation was associated with
greater improvements in information
processing speed, performance on the Brief
Test of Attention (Brief-A), visuospatial
learning, and the overall BRIEF-A score.
Within the extract group, correlational
analyses indicated that changes in dietary
polyphenol intake from baseline to week 24
were not significantly associated with
changes in episodic memory (r = —0.106,

p = 0.409), working memory (r = 0.096,

p = 0.452), information processing speed
(r=—-0.017, p = 0.895), or attentional
accuracy (r = —0.124, p = 0.334). These
findings suggest that background dietary
polyphenol intake did not influence the
cognitive-enhancing effects of the extract over
the intervention period. Anti-obesity
outcomes were not assessed in this study.
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Authors Food Matrix Evaluated Dose, Time Study Design
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(Biomarkers Used)

A total of 18 participants (10 women

Flavonoid-rich blueberry drink and 8 men) with Mini-Mental State

(Dodd, G.E; Williams, C.M.; (579 mg .ar.lthocyamdms ar.ld Examination (MMSE) scores < 25
Butler, L.T.; Spencer, J.P,, Blueberry Beverage procyanidins), 30 g per drink, a were included. Coenitive function
2019) [94] single visit by the researcher, 2 and - 08

was assessed at baseline and at 2

5 h after consumption. and 5 h following the intervention.

Cognitive performance differed
significantly between 2 and 5 h following
consumption of the control beverage

(p < 0.05), with a decline relative to baseline
observed at 2 h. In contrast, cognitive
function improved following the blueberry
beverage at both post-intervention time
points. A trend toward attenuation of the
postprandial increase in systolic blood
pressure was also observed following the
blueberry beverage compared with the
control beverage (p = 0.08). Plasma
brain-derived neurotrophic factor (BDNF)
concentrations decreased after consumption
of the control beverage; this reduction was
attenuated following the blueberry
beverage, although the difference did not
reach statistical significance (p > 0.05).
Anti-obesity outcomes were not assessed in
this study.
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Table 2. Cont.

Main Results

Authors Food Matrix Evaluated Dose, Time Study Design (Biomarkers Used)
Participants in the berry condition
demonstrated higher accuracy than those
receiving placebo. Post hoc analyses
indicated no significant differences between
interventions on incongruent trials at 2 and

400 , . .. A total of 4.6 healthy young adults 4 h post-intervention; however, accuracy on
mL of ‘smoothie’ containing 75 g  were recruited for the study. inconeruent trials was sienificantly higher in
of whole strawberries, blueberries,  Although specific inclusion criteria the be%:r condition at 6 hgcom are};l wgith
blackberries and raspberries, mixed = were not explicitly reported, the lacebo}(l ~0.002). In ad ditiOI}: accuracy in
(Whyte, AR.; Cheng, N.; with 100 mL of water and study defined several exclusion b p=0 . ! 4

blueberry, strawberry, raspberry,

Butler, L.T.; Lamport, D.J.; and blackberry

Williams, C.M., 2019) [95]

containing 14.3 g of polyphenols.
Important: Average flavonoid
content mg/75 g by flavonoid class
and berry type. It was 2 days of
study and observation.

criteria, including non-native
English speakers, significant visual,
auditory, or language impairments,
medical conditions such as diabetes
or cardiovascular disease, and
pregnancy.

the placebo condition on incongruent trials
declined significantly between 2 and 6 h and
between 4 and 6 h (both p < 0.001), whereas
performance in the berry condition remained
stable throughout the day. These findings
suggest that the observed intervention x
session interaction effects were primarily
driven by deteriorating placebo performance
on cognitively demanding incongruent trials.
Anti-obesity outcomes were not assessed in
this study.

(Curtis, PJ.; van der Velpen, V,;
Berends, L.; Jennings, A.;
Haag, L.; Minihane, AM,;
Chandra, P; Kay, C.D.; Rimm,
E.B,; Cassidy, A., 2024) [96]

Blueberry powder

1 cup of blueberries, 150 g,
presented in powder form;
(equivalent to 1 cup of fresh
blueberries; 364 mg of anthocyanin
and 879 mg of phenolics); Total
study time: 6 months.

A total of 138 participants were
eligible for inclusion. The study
population comprised adults aged
50-75 years who were classified as
overweight or obese, with a body
mass index (BMI) > 25 kg/m?

During the 6-month intervention period, no
statistically significant differences were
observed between groups across any domain
of cognitive function (p > 0.05). However,
consumption of one cup of blueberries per
day was associated with a trend toward
improved image recognition accuracy,
corresponding to a 4.2% increase (p = 0.10;

q = 0.59). Similarly, changes in self-reported
alertness and mood did not differ
significantly between intervention groups
following chronic blueberry intake (p > 0.05),
although alertness approached statistical
significance among participants consuming
one cup per day (p = 0.08; q = 0.24).
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Main Results

Authors Food Matrix Evaluated Dose, Time Study Design (Biomarkers Used)
Significant effects on the Auditory Verbal
Learning Task (AVLT) were observed exclusively
for the recognition memory component, in
which participants were required to identify
previously presented words from a list of 50
items. A significant main effect of beverage was
detected (F(1,39.5) = 6.65, p = 0.014), with
participants receiving wild blueberry (WBB)
demonstrating higher recognition accuracy
A total of 35 adults aged 40-65 years (M = 0.825) compared with those recewving
. o placebo (M = 0.80). The Beverage x Time
participated in this human study. : . L
o o interaction showed a trend toward significance
Eligibility criteria included a body (F(4,70) = 2.01, p = 0.094), and pairwise
mass index (BMI) between 18.5 and coml arigoﬁs i,n’Zli_cat.ed 51’1 ericf)r erformance
The wild blueberry drink consisted ~ 34.9 kg/m?, non-smoking status for pa . P P
. . . following WBB relative to placebo, most notably
of 25 g of freeze-dried whole wild at least two years, and the ability to at 240 min post-consumption (p = 0.002)
(Whyte, AR,; Rahman, S.; blueberry (WBB) powder (~1 cup understand and complete cognitive P P p=Rne)

Bell, L.; Edirisinghe, I.;
Krikorian, R.; Williams, C.M.;
Burton-Freeman, B., 2021) [97]

Wild Blueberry

fresh weight). The bioactive
substances contained in this drink
were: 725 mg of Polyphenols,

475 mg of Anthocyanins.

Time of study: 8 h (after meal).

function tasks. Participants were
required not to be using
medications that could interfere
with study outcomes, including
glucose-lowering, lipid-lowering, or
psychostimulant drugs, and to have
no history of cardiovascular,
respiratory, renal, gastrointestinal,
or neurological disorders.

This study also assessed body mass index (BMI)
as an obesity-related indicator. Metabolic
responses differed between treatments during
the first 120 min postprandially, with
significantly lower glucose and insulin
concentrations observed following WBB
compared with placebo. When metabolic
variables, BMI, and age were included as
covariates, their impact varied according to the
cognitive outcome examined. BMI emerged as
a significant predictor or interaction term for
specific measures, including Immediate Recall
(trend: F(1,38.4) = 3.89, p = 0.056) and Total
Number of Words Learned, where a BMI x
Beverage interaction was observed

(F(1,34.3) = 3.90, p = 0.056). In both the WBB
and placebo conditions, higher BMI was
associated with poorer performance (WBB

3 = —0.139; placebo 3 = —0.032).
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(Cheatham, C.L.; Canipe, L.G,,
3rd; Millsap, G.; Stegall, ].M.;
Chai, S.C.; Sheppard, KW,;
Lila, M.A., 2023) [98]

Wild blueberries

35 g of wild blueberry powder per
day (equivalent to about one
serving of berries); equivalent to
about 178 g of fresh blueberries.
This dose contained approximately:
302 mg of anthocyanins, responsible
for many of the bioactive effects of
blueberries; 202 mg of chlorogenic
acid, another phenolic compound
with antioxidant activity.

A randomized, double-blind,
placebo-controlled clinical trial was
conducted in older adults aged
65-80 years with mild cognitive
impairment, including

44 participants allocated to the
blueberry intervention group and 42
to the placebo group, alongside a
healthy control group (n = 45).
Cognitive outcomes were assessed
using the Cambridge
Neuropsychological Test
Automated Battery (CANTAB) to
evaluate information processing
performance, particularly
processing speed. In addition,
event-related potentials (ERP) were
recorded as electrophysiological
measures of neural processing
speed.

Performance on the Rapid Visual Processing
task, a component of the Cambridge
Neuropsychological Test Automated Battery
(CANTAB), improved significantly in
participants who consumed wild blueberries
for six months. The magnitude of
improvement was sufficient for the blueberry
group to recover processing speed to levels
comparable with those of a healthy reference
group, whereas no comparable improvement
was observed in the placebo group.
Electrophysiological measures further
supported these findings, demonstrating
enhanced neural processing speed in the
blueberry group relative to placebo. Notably,
these effects were most pronounced among
participants aged 75-80 years, suggesting a
greater cognitive benefit in the older
subgroup.

https://doi.org/10.3390/nu18040674


https://doi.org/10.3390/nu18040674

Nutrients 2026, 18, 674

27 of 42

Table 2. Cont.

Main Results

Authors Food Matrix Evaluated Dose, Time Study Design (Biomarkers Used)
Cognitive processing speed improved
A randomized, double-blind, significantly during the strawberry
placebo-controlled, crossover consumption phase (p < 0.001), whereas
clinical trial was conducted in 35 episodic memory showed greater
healthy older adults with a mean improvement during the control phase
age of 72 + 6 years, including (p = 0.002). Systolic blood pressure (SBP) was
17 women and 18 men. Participants  significantly reduced during strawberry
Strawberries (in freeze-dried had a mean body mass index (BMI)  intake (p = 0.044). Waist circumference
powder form, equivalent to 2 cups of 26.4 +£ 39 kg/ m2, corresponding  exhibited a significant main effect of
(Delaney, K.; Tsang, M.; Kern, of fresh strawberries). Daily dose: to the overweight range. Cognitive reduction over time (p = 0.043), although this
M.; Rayo, V.U.; Jason, N.; Strawberries 26 g of freeze-dried strawberry function was assessed using effect was not phase dependent. Triglyceride
Hong, M.Y,; Liu, C,; powder, equivalent to about 2 cups  validated tests from the NIH levels increased during the control phase

Hooshmand, S., 2025) [99]

of fresh strawberries. 26 g of
powder contains approximately
73.6 mg of anthocyanins.

Toolbox, including measures of
processing speed and episodic
memory. In addition, cardiovascular
and metabolic parameters were
evaluated, including systolic blood
pressure (SBP), waist circumference,
triglyceride levels, total antioxidant
capacity, lipid profile, and insulin
concentrations.

(p = 0.012) but remained stable during the
strawberry phase. Total antioxidant capacity
decreased during the control phase (p = 0.032)
and increased significantly during strawberry
consumption (p = 0.047). No significant
differences were observed between phases or
over time for total cholesterol, HDL
cholesterol, LDL cholesterol, glucose,
diastolic blood pressure, C-reactive protein
(CRP), or insulin levels.
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Table 3. Risk of bias assessment of included randomized controlled trials using the Cochrane RoB

2 tool.

Bias Arising Bias Due to . .. Bias in
. . Bias Due to Bias in . Overall
from the Ran- Deviations . . Selection of .
Study s Missing Measurement Risk of
domization from Intended the Reported .
. Outcome Data of the Outcome Bias
Process Interventions Result
Delaney, K.; Tsang, M.;
Kern, M.; Rayo, V.U.; Some
Jason, N.; Hong, M.Y,; Low risk Low risk Some concerns Low risk Low risk concerns
Liu, C.; Hooshmand, S.,
2025 [99]
Whyte, A.R.; Cheng, N.;
Butler, L.T.; . . Some Some
Some concerns Some concerns Low risk Low risk
Lamport, D.J.; concerns concerns
Williams, C.M., 2019 [95]
Krikorian, R.; Skelton,
gﬁﬁ'{esruﬁn];e'r’ 5.5 Low risk Low risk Low risk Low risk Low risk Low risk
Sullivan, P.G., 2022 [86]
Wood, E.; Hein, S.;
Mesnage, R.; Fernandes,
F.; Abhayaratne, N.; Some
Xu, Y,; Zhang, Z.; Bell, L.; Some concerns Low risk Low risk Low risk Low risk concerns
Williams, C.;
Rodriguez-Mateos, A.,
2023 [89]
Curtis, PJ.; van der
Velpen, V.,; Berends, L.;
Jennings, A.; Haag, L.; Some Some
Minihane, A.M.; Some concerns Low risk Some concerns Low risk
Chandra, P; Kay, C.D,; concerns concerns
Rimm, E.B.; Cassidy, A.,
2024 [96]
Miller, M.G.; Hamilton,
D'A';.I oseph, J.A.; Some concerns Low risk Some concerns Low risk Some Some
Shukitt-Hale, B., concerns concerns
2018 [90]
Miller, M.G,;
Thangthaeng, N.; Some Some
Rutledge, G.A.; Scott, Some concerns  Low risk Some concerns  Low risk
T.M.; Shukitt-Hale, B., concerns concerns
2021 [91]
Nilsson, A.;Salo, L; Plaza, Some concerns  Some concerns  Some concerns  Low risk Some Some
M.; Bjorek, I, 2017 [92] concerns concerns
Whyte, A.R.; Rahman, S.;
Bell, L.; Edirisinghe, I; Some Some
Krikorian, R.; Williams, Some concerns Some concerns Some concerns Low risk
C.M.; Burton-Freeman concems concerns
B., 2021 [97]
Dodd, G.F.; Williams, Some Some
C.M.; Butler, L.T,; Some concerns Some concerns Some concerns Low risk concerns concerns
Spencer, ].P., 2019 [94]
Lopresti, A.L.; Smith, S.J.;
Pouchieu, C.; PourTAU, Some Some
L.; Gaudout, D.; Some concerns Low risk Some concerns Low risk
concerns concerns

Pallet, V.; Drummond,
P.D., 2023 [93]
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Bias Arising Blas.D?le to Bias Due to Bias in Bias " Overall
from the Ran- Deviations . Selection of .
Study s Missing Measurement Risk of
domization from Intended the Reported .
. Outcome Data  of the Outcome Bias
Process Interventions Result
Cheatham, C.L.; Canipe,
L.G., 3rd; Millsap, G.; Some Some
Stegall, ].M.; Chai, S.C.; Some concerns Low risk Some concerns Low risk concerns concerns
Sheppard, K.W,; Lila,
M.A., 2023) [98]
Delaney, K.; Tsang, M.;
Kern, M,; Rayo, V.U.; Some Some
Jason, N.; Hong, M.Y.; Some concerns ~ Some concerns  Some concerns  Some concerns
. concerns concerns
Liu, C.; Hooshmand, S.,
2025 [99]
Table 4. Methodological quality assessment of the observational study using the Newcastle-Ottawa
Scale (NOS).
Selection (Max Comparability Outcome (Max .
Study 4 Stars) (Max 2 Stars) 3 Stars) Total Score Quality
Devore, E.E.; Kang, ] H.;
Breteler, M.M.; . 8. 8. 8.9 * % * k% 9/9 High quality

Grodstein, F., 2012) [87]

4. Discussion

This review integrates more than a decade of research examining the effects of berry
consumption on cognitive function and obesity—two closely interconnected domains
that have driven increasing scientific interest. The included studies collectively explore
mechanisms through which excess body weight and cognitive decline may be modu-
lated, including gut microbiome dysbiosis, alterations in blood-brain barrier permeability,
increased release of pro-inflammatory cytokines, and changes in the expression and distri-
bution of adipokines. Together, these pathways provide a mechanistic framework linking
metabolic dysfunction to cognitive impairment and support the investigation of berry-
derived bioactive compounds as potential modulators of these processes.

In this systematic review, the results were derived exclusively from human clinical
studies; however, as outlined in the Methods Section (Section 2), evidence from laboratory
animal studies was selectively referenced to support mechanistic discussions related to
berry consumption, obesity, and cognitive outcomes.

Polyphenols present in berries have garnered considerable interest due to their dual
capacity to influence both neural and metabolic health. These compounds—particularly
anthocyanins and other flavonoids—exert antioxidant and anti-inflammatory effects that
may protect neuronal integrity and support synaptic plasticity. Concurrently, they mod-
ulate glucose homeostasis and lipid metabolism, contributing to body weight regulation.
This convergence of neuroprotective and metabolic actions positions berries as promising
candidates for dietary strategies aimed at addressing obesity and cognitive decline simulta-
neously. Human clinical studies are especially critical for validating mechanisms identified
in preclinical models and for determining effective dosages, intervention durations, and
long-term safety profiles. Ultimately, rigorous clinical evaluation of berry-derived polyphe-
nols may inform evidence-based public health strategies, with potential implications for
reducing the burden of dementia and obesity in aging populations.
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4.1. MCI and Biomarkers

Several of the studies included in this review reported improvements in cognitive
performance, with memory outcomes being the most frequently assessed and the most
consistently affected domain. Across studies, inclusion criteria commonly incorporated
body mass index (BMI), older age (generally >60 years), and baseline cognitive status,
typically characterized using standardized measures such as mild cognitive impairment
(MCI) criteria, memory tests, and verbal fluency assessments. Importantly, baseline cog-
nitive impairment was generally mild, allowing for the detection of intervention-related
effects. However, the near-exclusive focus on memory highlights a notable gap in the litera-
ture, as other cognitive domains—such as attention, executive function, and processing
speed—remain underexplored. In addition to cognitive outcomes, several studies assessed
biological markers, including lipid profiles, brain-derived neurotrophic factor (BDNF), neu-
rofilament light chain, TAU protein, and amyloid-beta. Notably, only one study evaluated
inflammatory proteins, despite the well-established relevance of inflammatory pathways in
the interplay between obesity and mild cognitive impairment. This limitation underscores
the need for more comprehensive biomarker profiling in future clinical trials.

With respect to mild cognitive impairment (MCI), a recognized prodromal stage of de-
mentia, the potential protective role of anthocyanins against Alzheimer’s disease (AD) has
been highlighted by their capacity to modulate pathways involved in disease progression.
Consistent with this notion, epidemiological and clinical evidence indicates that regular
consumption of berries, vegetables, and polyphenol-rich beverages is associated with a
reduced risk of age-related neurological disorders, including AD [100]. Importantly, the
neuroprotective effects of berries appear to be more evident during pre-dementia stages,
when there is a gradual accumulation of senile plaques and neurofibrillary tangles. At
this stage, bioactive compounds may exert effects that limit amyloid-beta accumulation
and attenuate TAU protein hyperphosphorylation. However, it should be noted that a
portion of the supporting evidence derives from preclinical models and from polyphenols
not exclusively sourced from red fruits, underscoring the need for further well-designed
human studies to clarify the specificity and translational relevance of these findings.

4.2. Berries, Gut Microbiota and MCI/Alzheimer Biomarkers

Recent preclinical studies in murine models suggest that anthocyanins exert beneficial
effects on gut microbiota composition and function by promoting the growth of beneficial
bacterial taxa and inhibiting the proliferation of potentially pathogenic species. This
modulation of the gut microbiome may, in turn, influence neurotransmitter synthesis and
signaling along the gut-brain axis, with potential implications for cognitive function and
behavior [101]. Evidence further indicates that the gut microbiota plays a regulatory role in
the hypothalamic—pituitary—adrenal (HPA) axis, a central mediator of the stress response.
Alterations in microbial composition have been shown to affect HPA axis reactivity, which
may contribute to stress-related cognitive impairments. In addition, the gut microbiome
is capable of producing neuroactive compounds, including serotonin, dopamine, and
gamma-aminobutyric acid (GABA), all of which are critical for normal brain function and
mood regulation.

A recent investigation examined the relationship between gut microbiome composition
and early cognitive decline. The study analyzed stool samples from 119 individuals
with mild cognitive impairment (MCI) and 320 cognitively healthy adults using shotgun
metagenomic sequencing to achieve high-resolution microbial profiling. Microbiome
data were integrated with established Alzheimer’s disease-related biomarkers, including
cerebral amyloid burden assessed by positron emission tomography (PET), plasma levels
of phosphorylated TAU (pTAU181), and apolipoprotein E (APOE) genotype. Several
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microbial taxa exhibited significant associations with these biomarkers, with Akkermansia
muciniphila notably linked to lower cerebral amyloid load. Functional pathway analyses
further suggested that microbial pathways involved in energy metabolism and immune
signaling may modulate neurodegenerative processes. Collectively, these findings support
a role for specific gut microbial signatures in Alzheimer’s disease pathophysiology and
highlight the gut microbiome as a potential target for dietary or therapeutic strategies
aimed at delaying cognitive decline [102].

Gut bacteria produce a range of metabolites, including short-chain fatty acids (SCFAs),
which can influence immune function, central nervous system activity, and, in some cases,
cross the blood-brain barrier, thereby potentially affecting cognitive processes [103]. Di-
etary patterns rich in polyphenols, such as those derived from berries, may modulate the
production and biological effects of these microbial metabolites by shaping gut microbiota
composition and function. Across the studies included in this review, clinical trials adminis-
tering bioactive compounds at higher or more standardized concentrations tended to report
more pronounced biological and cognitive effects, underscoring the importance of dose,
formulation, and bioavailability in evaluating the efficacy of berry-derived interventions.

Bioactive flavonoid pigments found in red and purple fruits have been shown to
inhibit beta-amyloid (Ap) peptide aggregation and tau protein hyperphosphorylation, two
central hallmarks of Alzheimer’s disease (AD) pathology that are increasingly associated
with alterations along the gut-brain axis [104]. In line with this evidence, recent studies
in rodent models have demonstrated that these compounds exhibit anti-amyloidogenic
and anti-tau properties, supporting their potential therapeutic relevance in mitigating AD-
related pathological features. Specifically, they have been shown to inhibit the aggregation
of A peptides into oligomeric and fibrillar species, thereby reducing amyloid plaque
formation in the brain [105]. Advances in the understanding of AD pathophysiology have
enabled the identification of key biomarkers associated with senile plaque deposition
and neurofibrillary tangle formation—namely A3 peptides and tau protein. Within this
framework, anthocyanins appear to exert biological activity against these molecular targets,
as well as against additional biomarkers implicated in dementia progression.

Anthocyanins (ACNs) have been shown to attenuate TAU protein hyperphosphoryla-
tion, a critical event in the development of neurofibrillary pathology, by modulating the
activity of key kinases involved in TAU phosphorylation. In addition, ACNs and ACN-rich
plant extracts have been reported to inhibit amyloid-beta (Af3) accumulation and to exert
neuroprotective effects against neurodegeneration [106]. As discussed in the literature,
kinases—enzymes that regulate cellular processes through phosphorylation—play a central
role in the onset and progression of Alzheimer’s disease (AD). Dysregulation of several ki-
nase pathways contributes not only to the abnormal accumulation of A3 and TAU proteins
but also to neuroinflammatory responses and synaptic dysfunction, further exacerbating
cognitive decline.

Evidence from in vitro studies indicates that insulin resistance plays a critical role in
TAU protein hyperphosphorylation. Under physiological conditions, intact insulin signal-
ing promotes phosphorylation of the insulin receptor substrate (IRS) at tyrosine residues,
leading to activation of protein kinase B (AKT), which subsequently inhibits glycogen
synthase kinase-3 (GSK-3), thereby preventing TAU phosphorylation [76,78]. Based on
the studies evaluated in this review, insulin resistance emerges as an important contribut-
ing factor to TAU hyperphosphorylation. Disruption of insulin signaling in the brain
alters the balance between TAU kinases and phosphatases, resulting in increased kinase
activity and reduced phosphatase function. This imbalance promotes TAU detachment
from microtubules and facilitates the formation of neurofibrillary tangles, a hallmark of
neurodegenerative pathology.
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Foods and their associated bioactive compounds have been increasingly recognized
as modulators of chronic disease processes, in part due to their generally favorable safety
profiles when compared with pharmacological therapies, which may be associated with
adverse effects, as demonstrated in preclinical models. The beneficial effects of dietary
anthocyanins have been described in the context of metabolic disorders and obesity-related
inflammation, with evidence of modulation of metabolic and inflammatory markers in
both animal models and human cellular systems [107]. Importantly, metabolic dysfunction
and obesity-induced inflammation have been proposed as early events preceding the
clinical manifestation of mild cognitive impairment (MCI), potentially presenting initially
as subjective cognitive complaints. Within this framework, the identification of dietary
agents at biologically effective concentrations capable of mitigating these early metabolic
and inflammatory alterations represents a topic of significant scientific and clinical interest.

Figure 5 schematic representation of the proposed effects of red berry consumption
on obesity-related pathways, including modulation of inflammation, oxidative stress, and
free radical generation. These biological actions may contribute to the attenuation of mild
cognitive impairment (MCI), a recognized pre-dementia stage, thereby supporting the
potential role of red berries as a dietary strategy for reducing dementia risk [108].

ROS Generation, Lipid
accumulation, Liptin, IL-1B,
IL-6, VCAM-1, ICAM-1 and

NOX4
Adiponectin and Insulin
Flavonols sensitivity
Oxidative stress
Hypertrophy
Y " Lipogenesis X
Inflammation \
Flavones S

Neuroinflammation and
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Y
Lipid peroxidation

W Synaptic plasticity
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Figure 5. Relationship between fruit composition and its effects, with the action of bioactive com-
pounds on pathways related to obesity and cognitive decline. AB: beta amyloid; ROS: reactive oxygen
species; IL-1B: interleukin 1-beta; IL-6: interleukin-6; VCAM-1: vascular cell adhesion Molecule-1;
ICAM-1: intercellular adhesion molecule-1; NOX4: NADPH oxidase 4.

4.3. The Role of Adipocytes

Adipokines are bioactive molecules produced and secreted by adipocytes that play
key roles in regulating inflammatory and metabolic processes. Among the most exten-
sively studied adipokines are tumor necrosis factor-alpha (TNF-«), leptin, resistin, visfatin,
interleukin-6 (IL-6), and adiponectin [109]. A distinguishing feature among the more
than 50 currently identified adipokines is their differential involvement in pro- or anti-
inflammatory signaling. Alterations in adipokine secretion profiles have been consistently
observed across body mass index (BMI) categories: individuals with obesity tend to exhibit
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adipose tissue characterized by predominant secretion of pro-inflammatory adipokines,
whereas lean individuals more frequently display a profile enriched in anti-inflammatory
adipokines [110]. Notably, none of the clinical studies included in this review directly
assessed adipokine concentrations, although some evaluated circulating pro-inflammatory
proteins. Among adipokines, leptin warrants particular attention, as it is centrally involved
in appetite regulation and energy balance. Elevated leptin levels commonly observed in
obesity may reflect leptin resistance, a condition that has been associated with impaired
central nervous system signaling and potential adverse effects on cognitive function.

Although this review primarily focuses on berries, consideration of grape-derived
extracts and other polyphenol-rich foods as relevant analogues is justified. These sources
provide comparable profiles of bioactive polyphenols—particularly anthocyanins and
flavonoids—that act through shared biological pathways involving oxidative stress mod-
ulation, inflammatory regulation, and metabolic control. From a mechanistic standpoint,
inclusion of these analogues supports a broader interpretation of how fruit-derived polyphe-
nols may influence obesity-related dysfunction and cognitive processes. This perspective
enhances conceptual coherence and translational relevance while maintaining the central
emphasis on berries.

A preregistered systematic review and meta-analysis including 42 cross-sectional and
13 longitudinal studies investigated the associations between circulating adipokines—
leptin, adiponectin, resistin, and ghrelin—and the prevalence of all-cause dementia,
Alzheimer’s disease (AD), and mild cognitive impairment (MCI) [111]. The analysis
demonstrated that individuals with AD exhibited lower circulating leptin levels and higher
resistin levels compared with cognitively normal participants. Moreover, reduced lep-
tin concentrations and elevated resistin levels were associated with greater severity of
cognitive impairment. Importantly, lower leptin levels in later life were linked to an in-
creased prospective risk of dementia and AD. In contrast, findings related to ghrelin and
adiponectin were inconclusive, with age, sex distribution, obesity status, and dementia
severity acting as moderating factors in several analyses. Collectively, these findings
underscore that biomarkers relevant to MCI and dementia are not limited to classical
neuropathological markers such as TAU or amyloid-beta. Adipocyte-derived biomarkers
may provide valuable complementary diagnostic and prognostic information, reinforcing
the close interrelationship between obesity, inflammation, and cognitive impairment.

Fruits can be consumed in multiple forms and processed using diverse methods,
including fresh portions, juices, smoothies, frozen products, and freeze-dried fruit pow-
ders [112]. Across the studies included in this review, substantial variability was observed
in the formulation and delivery of bioactive compounds, ranging from whole fresh fruit pro-
vided in standardized servings to freeze-dried extracts administered in powder form, with
detailed reporting of compound concentrations (Figure 6). This heterogeneity underscores
the importance of clearly identifying which bioactive constituents are being evaluated,
as well as their respective doses and formulations, to enable accurate interpretation and
comparison of study outcomes. Standardization of bioactive characterization and dosing
is therefore critical for strengthening the consistency and reproducibility of findings in
this field.

Clinical trials published in 2024 demonstrated that acute intake of wild blueberry
extract—particularly at a dose of 222 mg of anthocyanins—can attenuate the postprandial
decline in executive function commonly observed in older adults. Participants receiving
the extract exhibited faster reaction times and greater cognitive stability compared with
placebo, indicating immediate, short-term cognitive benefits. Although these effects were
acute rather than sustained, the findings suggest a potential role for blueberry-derived
bioactives in supporting day-to-day cognitive performance [85]. In parallel, a 2025 pilot
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study evaluating six months of elderberry juice supplementation in individuals with mild
cognitive impairment reported encouraging cognitive outcomes. Participants in the inter-
vention group demonstrated shorter response times on tasks assessing cognitive flexibility,
consistent with improved executive processing. While these results were preliminary
and derived from a limited sample size, they support a possible neuroprotective role for
anthocyanin-rich elderberry. Collectively, these findings strengthen the rationale for dietary
interventions targeting cognitive decline through polyphenol-rich berries. Nonetheless,
larger, well-powered clinical trials with longer follow-up are required to confirm efficacy
and establish long-term benefits [113].

number of papers

= Fresh fruit in cups/portions = Powder with concentration mg/day
= Drink with concentration Fresh fruit in cups/portions with concentration

= Drink unspecifiedmg/day

Figure 6. Available bioactives.

Regarding the bioactive compounds summarized in Table 2—particularly antho-
cyanins, flavonoids, and related polyphenols—it is evident that berries may exert dis-
tinct biological effects depending on the concentration and profile of these constituents.
For example, strawberry consumption has been associated with improvements in cog-
nitive performance and cardiovascular health, likely reflecting its nutrient composition
and antioxidant capacity [59]. Similarly, blueberry intake has been consistently linked
to reductions in oxidative stress and inhibition of inflammatory processes [114]. A ran-
domized crossover trial evaluating the effects of jaboticaba peel powder supplementation
(7 g/day) in 19 healthy adults demonstrated significant metabolic and cognitive benefits.
The intervention delivered high levels of polyphenols, including cyanidin-3-O-glucoside
and ellagic acid, and resulted in significant reductions in interleukin-6 (IL-6) levels and post-
prandial reactive oxygen species, indicating anti-inflammatory and antioxidant activity. In
addition, participants exhibited improved postprandial selective attention compared with
the control condition, suggesting cognitive benefits following four weeks of supplementa-
tion [115]. Other berries—including haskap, black raspberry, blackcurrant, elderberry, and
lingonberry—are similarly rich in anthocyanins and polyphenols and have demonstrated
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neuroprotective potential. These compounds have been shown to reduce oxidative stress,
attenuate neuroinflammation, and enhance synaptic plasticity through modulation of sig-
naling pathways such as brain-derived neurotrophic factor (BDNF) and cAMP response
element-binding protein (CREB). Evidence from both human and preclinical studies further
indicates that bioactive metabolites derived from these berries can cross the blood-brain
barrier, supporting neuronal survival, mitochondrial function, and vascular health. Collec-
tively, these findings position anthocyanin-rich berries as promising dietary components
for delaying cognitive decline and promoting healthy brain aging [116].

4.4. The Risk of Bias

The overall risk of bias across the included randomized controlled trials was predomi-
nantly rated as “some concerns” according to the Cochrane Risk of Bias 2 (RoB 2) tool. This
classification was primarily driven by incomplete reporting of randomization procedures,
absence of prospective protocol registration in some trials, and limited information regard-
ing allocation concealment—methodological challenges that are frequently encountered in
nutritional intervention research. Importantly, none of the included studies was judged
to be at high risk of bias in any domain, and one trial was rated as low risk across all as-
sessed domains, thereby strengthening overall confidence in the evidence base. Most trials
adequately controlled for deviations from intended interventions and employed validated,
objective cognitive outcome measures, resulting in a low risk of bias related to outcome
measurement. Missing outcome data constituted a source of some concern in several
studies, largely due to participant attrition inherent to dietary interventions and crossover
designs; however, attrition rates were generally balanced between intervention groups and
were unlikely to have materially influenced the direction of the reported effects. Taken
together, although the presence of methodological concerns warrants cautious interpreta-
tion, the consistency of findings across studies with heterogeneous designs, populations,
and intervention durations suggests that the observed cognitive benefits associated with
berry-based interventions are unlikely to be attributable solely to bias. Future trials would
benefit from greater transparency in randomization and allocation procedures, prospective
trial registration, and standardized reporting of primary outcomes to further strengthen
the quality and reproducibility of evidence in this field.

The observational evidence included in this review was judged to be of high method-
ological quality based on assessment with the Newcastle-Ottawa Scale (NOS). Notably,
the prospective cohort study conducted by Devore et al. achieved the maximum NOS
score, reflecting strong cohort representativeness, rigorous dietary exposure assessment
using repeated validated food frequency questionnaires, comprehensive control of relevant
confounders, and robust ascertainment of cognitive outcomes over long-term follow-up.
Although residual confounding cannot be entirely excluded due to the observational nature
of the study, the consistency of the observed associations following extensive multivari-
able adjustment, together with the large sample size, supports the internal validity of
the findings. Importantly, the high methodological quality of this cohort study comple-
ments the evidence derived from randomized controlled trials, thereby strengthening the
overall inference regarding the association between berry-derived flavonoid intake and
cognitive aging.

This systematic review focused on evaluating the influence of polyphenol intake
derived from berry consumption on obesity-related mechanisms and their association
with cognitive performance. The included clinical trials reported measurable changes
in cognitive and metabolic outcomes, providing the empirical basis for the interpreta-
tions discussed in this manuscript. Collectively, these findings support the relevance of
berry-derived polyphenols as dietary components capable of modulating metabolic health
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and cognitive function, particularly in populations at increased risk of obesity-associated
cognitive decline.

The integration of both cognitive and metabolic outcomes in this review adds value
relative to previous syntheses on berries and cognition, as it focuses exclusively on human
studies and examines associations across cognitive domains in relation to dose, bioactive
compound concentration, berry type, and multiple metabolic and cognitive parameters.
Notably, several studies summarized in Table 2 illustrate these multidimensional relation-
ships. For example, the study by Whyte et al. (2021) [97] which investigated wild blueberry
supplementation, reported favorable metabolic changes, including reductions in body mass
index and significantly lower glucose and insulin levels. Importantly, these metabolic
improvements were accompanied by significant cognitive effects on the Auditory Verbal
Learning Task (AVLT), specifically within the recognition memory component. This finding
underscores the potential interdependence between metabolic regulation and selective cog-
nitive domains, supporting a more integrative interpretation of berry-derived polyphenol
effects on cognitive aging.

The clinical trials included in this review were conducted exclusively in human partic-
ipants and aimed to evaluate evidence regarding the effects of bioactive compounds on
cognitive function, irrespective of a formal pre-dementia diagnosis. In this context, the
presence or absence of mild cognitive impairment (MCI) was not treated as a mandatory
inclusion criterion. The investigated bioactive compounds were derived from a limited
range of sources, primarily blueberries, strawberries, raspberries, grapes, and other berries.
Across the literature, a recurring research objective has been to elucidate the relation-
ship between obesity-related mechanisms, cognitive decline—including MCl—and the
neuroprotective potential of berry-derived bioactive compounds. Collectively, these stud-
ies reflect a growing interest in understanding how dietary polyphenols may modulate
metabolic dysfunction and cognitive outcomes within a unified biological framework.

5. Conclusions

Results derived from the analysis of human clinical trials suggest that phenolic com-
pounds present in red fruits may exert beneficial effects in specific cognitive domains,
particularly memory, language, and executive function. In parallel, these compounds have
demonstrated potential to favorably influence energy metabolism, with preliminary evi-
dence of a possible role in modulating pathways related to obesity, including the regulation
of adipokines. However, current evidence remains limited and inconclusive. Important
uncertainties persist regarding the magnitude, consistency, and clinical relevance of these
effects. In particular, the ideal concentrations of phenolic compounds capable of attenuat-
ing tau protein hyperphosphorylation, reducing beta-amyloid accumulation, modulating
leptin signaling, and improving insulin sensitivity have not yet been clearly established.
The most robust evidence for the reduction in tau protein hyperphosphorylation and A3
accumulation comes from preclinical models and, in some cases, from polyphenols not
restricted to red fruits, while the human clinical trials summarized here have not yet demon-
strated significant effects on these biomarkers. Filling these gaps represents a fundamental
objective for future large-scale, well-controlled clinical trials in humans, which will be
essential to substantiate the mechanistic relationships and define the translational potential
of phenolic compounds derived from red fruits in preventing cognitive decline associated
with obesity.
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